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J¥) Suadll

Gilaa o) Jagadt zeal

oSVl i gl gy peali -1

Jisndl sase ral y lllia 5 28833 ) gemy s gl Jy 923 48 pra A1) aieatl) duaia A llady

ae> Gle 6 siag UNits conversion “4esl JesSYU Jaay zali g Leie s Lee ) 53l Caliday culas )
sl JUE) Jelres day s AUSH, aaally Jobll Glins Jio Lelipad (3ohy Claasl
e ey M S, A AN ) Jaees e sl 5l s all deasills

bl
I Length Power Dynamic Viscosity Heat Flux
ft [v| s7 hp (metric) [v] o025 centipoise [v] 1 Btu/hr, ft2 [v] 1
in [v| e84 Watt (v 18386919 b/, sec (| 0000672  [watt/m2 || 3454501
Volume Energy Kinematic Viscosity Specific Energy
bbl ~| 1 Blu v | 13650 centistoke ~| 1 Btu /b v 1
gal (US) v |41.999999 [kw, hr v | 40004208 |m2/sec w| 0000001 | |joule fkg v| 2326
Molar Flowrate ass Mass Flowrate Specific Haat
lo-mol / hr (v] 02 (v] 1 Ib /hr (v] Btu/b.F (v] 1
Mscf f br || 03786675 |or || 28349493 |kg /min (] 0.0075599 | joule kg . C || 41868
Volumetric Flowrate Density Heat Transfer Coefficient
m3/hr [v] 490 b/ft3 [v] o7 Bu/hr.f2.F  |v| 1
ft3 /min || 28840296 | |56 (iquid) (| 107323681 |watt/am2.C || 0.000s672
Pressure Area Thermal Conductivity
psi [v] 147 m2 [«] s000 Bu/hr.ft.F [v| 1 PROCESS ENGINEERING TOOLKIT
kg / cm2 || 10335123 |ro || 645834631 [watt/cm. C [ 00173074 process a controL svstems oeer.
UPSTREAM PROCESS ENGINEERING
UNIT CONVERSION PROGRAM

rabipd) e Ayl ALl Al

short ton, longton, gm, ib, 0z, mgm AUl Glas gL Jalay oS 26 Kg 45 )5 a1 ]G
., slug

:Jall

ol () aldi Glas 6l LS seda 5 ilas ol Ja a3 45 51 Ao Janazall IR (e el ol i ey
& Lellaa iy kg s Jo¥ Julaieal) = 25 gall agudl e dariais mass 4wl 4 Al
slhaall Bas gl asty AV Jidatiall & dsasall agdl e i A 26 sl Jibasl)
OsSi s Al A prall Julatiall A5 pilae daill ) seda Jaadl jh e jlaS 5 Leall o sail)
Llas ol Al Al 1% 5 (2i5k) i 57.3196 sl
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s Jbia

. ib/ft.sec.— Jalxi oS 1 centipoise (s sbuti Jilud AxSaailall s 5 511 Gl Cale 1)

sl Uy J5Y) aeudl e daxcais dynamic viscosity  dibaiee ) ocadi Al
Jibatusall (& 3 gasall agudl (Je Jariai o | ] a8 anilag 3l Jilaleall (8 S5 centipoise
. ib/ft.5eC.0.000672 o585 55 pilae Lehlia damill jelaid jh/ft.sec sas ol Jlas s AY) sl

Jissh o5& conversion calculator 4ew) Classll Jisadl Jeoa o Loayl el (5 5y
Caai Ll g3 I cla ) Bl gty asiy Iy (Sallys (g i) I (s Sy AUl (pa clas )
M JSE 3 e ga g LSy Sl oy yLad

Conversion Calculator

Metric to English English to Metric
Millimeters= Inches Inches= Millimeters
Centimeters: Inches Inches= Centimeters
Meters= Feet Feet= Meters
Meters= Yards Yards= MWMeters
Kilometers= Miles Miles= Kilometers
Celsius= Fahrenheit Fahrenheit= Celsius
Grams= unces Qunces= Grams
Kilograms= Pounds Pounds= Kilograms
Liters= Cluarts Quarts= Liters
Liters= Gallans Gallons= Liters
Radians= Degrees Degrees= Radians

:Jbia

1 dS dalay yie oS5 Salay o lle oS il IS5 Sl 5edls Jaali oS 60 OC i)l a2 6l
€.l 52 10 Akl Caaill 4y 5 31 Jalad oS 5 €ad

:Jall

dagill jelaid enter Jaad o3 Celsius 4l Jiliall Julaivall & 60 iS55 ) all Aa ol danally
Ul JSEl (8 i g LS5 Al Ay 1388 5 el jed 140 0555 31 sbusall Ao 22y
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Conversion Calculator
Metric to English English to Metric

Millimeters= Inches Inches= Millimeters

Centimeters: Inches Inches= Centimeters

Meters= Feet 1 Feet= 0.3048 Meters

Meters= Yards Yards= Meters

Kilometers= Miles Miles= Kilometers
G0 Celsius= 140 Fahrenheit Fahrenheit= Celsius

Grams= Cunces Cunces= Grams

Kilograms= Pounds Pounds= Kilograms
1 Liters= 1.05G6688 Quarts Quarts= Liters

Liters= Gallons Gallons= Liters

Radians= Degrees 10 Degrees= 5729578 Radians

g Leel gl ey Gilas gl Jisats o 8 convert dew) JA) el Je biay) iyl (5 i g
Al Glas g9 b e g Ciliai WL 3 38a Bas) 5l LA Adala Jalad (55 oS Jis Aaldd) ilaa )
‘_ALJ\ M\@%J\AJ&JBJE\}‘&A@\}M‘}

Convert

From 10
Teaspoons (US) <<<==> Ounces (U5, fluid) E

1| Teaspoons (US)
% 016667 is the multiplier
0.16667 Ounces (U.5. fluid)

:JGa

& pend) o hanas o5 A Qulial 305 AU Tas gallon/min. Y 5 1/sec disal
as sl )83 ae Jau) A daaill edai gallon (US liquid) per minute Db s (s slall Jilaiosal)
9 LS Bl Jale aall 354 S45.79.2516 gallon (US liquid) per minute o<

;L";Lﬂ\ Jal) B oA e

12



By Ml R nia @9 dgyguladl syl gl

\s“\'ol.\.ll OLAA) wzal.a

From

Convert
To

Liters per Second <<<>>> Gallon (U.S. liquid) per Minute

[

o)

Liters per Second

x_15.85032

Is the multiplier

79.2516 Gallon (U.S. liquid) per Minute

Uconeer XY Jalaa A cilaa gl Jogad zeali g -2

.Uconeer-setup exe. e z s2 3l Jailly uconeer 2 —alall =3 A (e zali pll Cunali &4

YIS LS o)

)

MEsgspan=i=ts

(A B e A3 oK) o3 e sl il 3 e

u Uconeer - Units Conversion for Engineers

LollyDex Correspondence Index
/ o Get control of your correspondence
© Suits paper & electronic documents
® Tracks outstanding replies

11 6“
%

EENE
R @ 0@
4 F @ I

From ] 1 ]Gelsius

j Paste ] Clear \

Hecently Uzed Categories

To: ] 0.8 ]Héaumur

From| Available Units | To
Area
Density + Specific Wolume - Kelvin . Swap From/ Tao Units
Diffusivity & | Celsius .
Energy + Wark r Fahrenheit i
E nthalpy " | Rankine - —Result Farmat—————————
Farce | Réaumur i¥

Heat Trangfer Coefficient
Length + Distance

Mazs

Powwer

Pressure

Temperature
Thermal Expanzsion [Yolumetric)
Yizcozity [Dpnamic)

Yiolume

More. ..

v| Comtt | Copyu |

¥ Automatic

i~ Fixed Decimals

™ Fiwed with Separatars
™ Scientific

™ Enginesring

Significant Digits |6 =

Clipboard Contents :  |uconeer_2
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sl yal) il g%

b LS Ll 1 3 jae g sill Canen a1 gt 3 50l e Gy g 1 5391 Jay 5]
- Sl Jea)

6" R = €@ &
‘ —
ALY 5 358l 5 dalual) Jie ddlide Clia e (5 siny 5 :recently used categories -2

3uas Cliia jelaiadde il vie more.. 4esl ) e aa gy Al Jshall 5 ALl 5 da 5 5l
: Sl JCED 6 LS Lgaladind (e

g

i

TJ Uconeer - Units Conversion for Engineers =

Katmar Software " R = € @

Density + Specific Volume
Diffusivity

Electrical Charge
Electrical Conductance
Energy + Work
Enthalpy

Entropy

Force

Force per unit Length
Fouling Factor

Friction Factor (Piping)
Fuel Consumption

Length + Distance

Mass

Mass Flow Rate

Mass Flux

Moment of Inertia (Area)
Moment of Inertia (Mass)
Momentum

Power

Pressure

Radioactivity

SI Prefix

Stress (Force per unit Area)

Cost Effective Engineering and W/ ¥ AR = Ble
Acceleration Heat Capacity Surface Tension
Angle Heat Flux ® Temperature
Area Heat Transfer Coefficient Temperature Difference
Compressibility lllumination Thermal Conductivity

Thermal Expansion (Linear)
Thermal Expansion (Volumetric)
Time

Torque

Valve Sizing Coefficient
Velocity (Angular)

Velocity (Linear)

Viscosity (Dynamic)
Viscosity (Kinematic)
Volume

Volumetric Flow Rate
Volumetric Flux

More...

Significant Digits™ |6~ ]

Clipboard Contents : luconeef_Z

IR e Lgian 5 3aa 5 Lehy a3 o sllaall Al Lgd jasa 5y Cus from (25 1 i sadll GUIA-3
e L AL AR Lol (5 gm5 5 i) Lot et 30 T A0a 5 Lot 3 5o sl pgead) e Jaieal
@J&\}M\}@mﬂem‘)\‘)‘)\&u}@‘@M\Q}M\Sh)ﬂj%‘dkwéﬂ?@u
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53 5m sall il sall e daiall A (e alan gl o gad il (S AR (e g s sadll Jgan -4

L

oSally g B sl it ddde 8l JIA (e (S swap from/ to unit-5

o) Apaia o) AN &S5 IS jedas Al A8 )Y Aapda LAl oL AINA (a5 result format-6
o)W dmy B Y1 sl Ampday oSSl o Leia g significant digit Leen) s clllia 5 duale

.ton refrigeration ) 4k sad o stacll 5Ky 43 )38 &l jaa : ankai Jhe

:Jall

O JARS5 Jyeaill Jgaa ) ladl) 5 power JGas 5 recently used categories ) e
LS automatic LGS result format o« ton refrigeration B to ¢« s Kw from
:Sull Ja 8 LS5 1.4 ton refrigeration s )i to A 8 da il

U Uconeer - Units Conversion for Engineers

[=@][=]

6 R = @ @
Blending calculations and density-
concentration conversions for % é @ ﬂ:
ethanol/water mixtures. e
Froml 5 Ikw LI Paste | Clear I
e To: I 14 Iton refrig'tion .ll Copy # I Copy H#U I
Recently Used Categories
From| Available Units | To
Area -
Density + Specific Yolume * | kw C Swap From / To Units
Diffusivity | Btuh O
Energy +Wark | Btuls e
Enthalpy | calls & —Result Format——————
Force N | Chuh I
Heat Transfer Coefficient ~ Srols ~ oA tomatic
Length + Distance =
Mass 2 ftIbfis (f: " Fixed Decimals
hp (British) o wi
e - his (metric) -~ (& lefed x.fvhllh Separators
Temperature | kealh '® (" Scientific
Thermal Expansion [Volumetric) e r Lo
Yiscosity (Dynamic) I tﬂ:ﬁm,s o~ CiEnghesting
Yolume -
MW 2 i o
More | ton refrig'tion oy Significant Digits |2 vl
— T | W(=Jis) &
Clipboard Contents : Iton refrigeration
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AL Juail

A0 Y) cili g 48 aal USDA gl

united state department of agriculture S <Y del )3 and ZU) e zali g 58
z<ti_nll & Version 1.0 data base version SR23 . 43¢ 3U 4Ll il oSall 48 jaal ardion
A ) oM 3 5 (A AV ida ae BUEVL 5y ghaill g Cnll Aman Ji e sk Haigll (8 Jeny
s @yl e miodl adsey Al LadaSll ASHS 0 A8 5eY)
LSl palad) a8l 2 e se el s WWW.nal .usda.gov/finc/foodcomp.

Zabil) Govall

i il any g Gualll 5 Fuill (33 yha e B dlae dpadadl () el ll J35 JYA e dlaadl S
A el ) A5

A A | PN I S PP =N

v USDA-HealtheTech SR Search (= = |[=]

_File  Help

Step 1: Search for a Food

Enter search term(z] or an MDE number, then click Find or presz Enter.

| (c]
Find I

Step 2 Select a Food Group ko Limit Search

Step 3 Select a Food ltem

Step 4: Dizplay Mutrients

Mutrients E xit
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O LA & find Jaread o5 milk oSy Js¥) Jiadl & 45l 5Sa 48 a0 o)y (g2l e)38d) andd S
S Jaadl ) cadi laamys 16 Wady Sl s beverage Jie £13all de gana (o (SGI Jaal)
e baai S5 chocolate syrup prepared with whole milk Jie ¢l ale jlias

. nutrients

1 USDA-HealtheTech SR Search (= |[= ][ =]

File Help

Step 1: Search far a Food

Enter zearch termlz] or an MDB number, then click Find or press Enter.

fmilk @I
Find I

Step 2 Select a Food Group to Limit Search

206 Shioww All Foads -
14 B aby Foods D
9 B aked Products

1 Brgakfast Cereals -

Step 3 Select a Food [tem

Carob-flavor beverage mix, povwder, prepared with whale milk .
Ehaocolatezpip, prepared withwhole milk

Chocolate-flavor beverage mix for milk, povder, with added nutrientz D
Chocolate-flavor beverage mix for milk, poveder, with added nutriients, prepared with w
Chocolate-flavor beverage mix for milk, poweder, without added nutrients ¥
1 | i | 3

Step 4: Digplay Hutnents

Mutrients | E uit

Sy o138 il Sl JalSia el U JSEN 3 LS 613801 S sSa gealill el jon o
100 gm edible &5 bas) JUSS () (Sey Glass e ssing e selyy eldall anl 48
edible bl o (51 i sladll GuSl ks sy Al 5,030 35 cup{8fl 0z} s portion

.100gm JSI il sSall (535 seday W) a el A5 s L3 58 5 100 gm portion

lgd e sy A IS = 55 lidany 43 Lgiaild g algiind <l gl llia ) ol Cilay jo (lany A& jelay
PARERI LI
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e Food Mutrient Report, MDB: 14182

Chocolate syrup, prepared with whole mill:,

Step 1: Select a Meazure

100 aramz edible portian
cup (8 fl oz]

Step 2: Madify the Amaunt [optional] @I

100 gramz edible partion

Gram weight [edible portion]: 100.00 g

[(=[=]=]

Hutrignt | itz | Walue
W ater q 3051
Erergy kcal a0
Energy kd a7
Protein q 307
Total lipid [fat) q 298
Bszh q (I 5]
Carbohpdrate, by difference q 1278
Fiber, total dietary q 0.3
Sugarg, total q 11.31
Calcium, Ca ma a9
[ron, Fe mg 032
Frint Cloze

Al Zapally il &l delilal print ) e o o

o sie cand Lo aaiaal) dualell aladll 5 zeli Ll

Composition of Foods Raw, Processed, Prepared USDA National Nutrient
Database for Standard Reference, Release 23.

18
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ok syrup, prepared with whoke milk
vO 3 No: 14182 Dute: 762011 11:4
gazure: 100 grom
Sram weight (acible pertion): 100.00g
Refuse: 0%
Nuriont Unita Vale Nutrient Units Valws,
YWaar [-] BOSt Threening Q 0132
Enceqy o 0 lscloucine Q 0151
Enceqy WJ T Loucine Q 0.243
olon a e lnd lysng Q 0132
otal ko [iatl q 296 Meduonma -] 0.067
Azh a 064 Cystne Q 007
Carbobrydrate, by dlarcnce q 1278 Phanylalanine Q 0.158
Fioor, total distay -] 03 Tyrosioe Q 0.140
Sucars, fot ™ q 11.31 Vv.fm [} 0173
aicurs, La mg E5) Amnre Q w7
Ircn, Fo m3 Q32 Histicing 3 0.068
Magnesum, Mg ma 18 Alanira o .09
Phosahorus, P m 0 Aspartic azid ) 0.227
Potaszium, X m 145 Glutariz aod [} 0.5092
Socium, Na ™ &7 Chcna Q 0.075
Zinz, In m 043 Praine [ 0.50¢
Coooer, Cu ma 0.090 Serno [ o101
Marganess, M ma 0.058 Alochel, oyl Q 00
Salanem, 56 meg 34 Caflina () 2
Vamin C_ Ioid ascorbic sad ™ a0 Thesbramina R &4
Thiam=in me 0069 Carclone, bata mog 4
Rinodavin mg, 0168 Carctore, abfa mogq 0
Nizscin ™ 0.157 Crptoxarthin. bata moq 0
Parsicthenic acid m 031g Lycopsna meq 0
Viamn B m 0062 Liscin + zoacanthin =g 0
Felate, total meq 5
Felic acid meq a
foad meg 2
oo, Uk= meg_UFE 5
ViamnB.12 meg 0sg
ViamnA, IJ 1] _83
ViamnA, RAE meg RAE 25
Ratirc meq 4
Vmamn E (apha-lccophaccl! m 205
Viamin K {phylloguinenal meg a2
Fatty acds. total saturatod -] 1581
40 ] 00e4
€0 a 0064
) ] a0es
10:0 a Q084
120 ] Q0EE
15:0 ] Q.00C
14:0 Q Q2€7
150 ] 20cc
160 q 0.74E
170 q 0.0cC
18:0 q 0554
200 =] 2.0CC
220 a 2.0CC
240 q Q000
Fatty acds. total menocunsaturated a 0.740
141 [ 2000
1E:1 unditerertized q 0.000
18:1 urdifrectizted a 0.740
20 4a a.0ce
221 undiferertized a Q.00e
Fatty acds. total polyunsaturated q 01972
18:2 urairsrerhined q a.1or
18:3 urdiferortited a 00e4
18:4 ] a0ce
20:4 undifierortized a 0.000
20:5 n-3 (ERAY =} 0.000
Z25n-3 M) ] Qacce
22503 (DHAY q 0.000
Cholesteral mg 2
Trypiockan q 0068
Source: USDA Natonal Nutriart Databaso for Standard Rofecarce, Relonso 23 Fagetolt
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EE Sl

L3 Al a s8N ol sid) il eal g

e ds gl g oulall Jeasills sl all SLERYI 5 436 Y1 RS sy zeal sl 38 5
Ul (e 5 el Jee (a1l G gulall save flash gl gy cavais ) geal ) o2a zliss
AUSD (a8 0 g s el all 128

A3 Y A8US Gl i o -]
L) gie Al i jull 3280 el density 4 &< e da 50 3 ) gy Jaral

ClisSa given 4elS s iSS5 Preduction of density based on food composition
Aa ) S5 LAY dile el (g dle)s ulds Clpan s S5 G835 G s sl e slaadl
o Sull gl Ll kg/m3 Gilaa gy AUKY dad pelad il LA A (g sl 5 ) Al

eyl s 5K

Prediction of density based on food composition

Given: Procedure
Water percent To calculate density of a food material,
you need to know its composition. If the
Proteln percent composition is unknown, then USDA
Handbook 8 may be helpful.
Fat percent Composition data are also available on
the web at the USDA web site
Carbohydrate T (http://'www.nal.usda.gov/fnic/foodcomp/)
Fiber percent Enter the food composition values in
percent. Make sure that the total is 100.
Ash percent
Reference: Singh R.P. and D.R.
. , Heldman. 2001. Introduction to Food
perature Celsius
Engineering. 3rd Edition. Academic
Result Press, London
Density Infinity kg/m3
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;43\.'1‘954\%55.\\25 OC 3, ya dayd die culall 48U s 1 U

% Akl | 0% Akl | 0% SSESU | 9 cRaall | 9 ol
:Jall

o ulall ZHES () oS5 5 aliyal) L8 9C 25 5)jall da o odle) Jpaall b dai gall iliil] o sas
el Jae 48y 5 o gy M IS5 1025.13 kg/m?

Prediction of density based on food composition

Given: Procedure

Water 87 percent To calculate density of a food material,
you need to know its composition. If the

Protein 36 percent composition is unknown, then USDA
Handbook 8 may be helpful.

Fat 36 percent Composition data are also available on
the web at the USDA web site

Carbohydrate [5 02 e (http://www.nal.usda.gov/fnic/foodcomp/)

Fiber e Enter the food composition values in
percent. Make sure that the total is 100.

e 0.68 st Reference: Singh R.P. and D.R.

Temperature [5 s Heldman. 2001. Introduction to Food
Engineering. 3rd Edition. Academic

Result Press, London
Density 1025.13:| kg/m3

Thermal diffusivity 433 ) adl JLai) qlua gl -2
A JEL 8 LS5 o3 i g€ imy g e e Y1 RS i By e ity a3

YIS S ) Lale 94 0C 5 ) pa Aoy e JE ) el g 5l yadl JLEBY) Ganal + JUis

% dashll| Y% eyl | % Glu s Sl | % Al | % gl

L) gie Al mali jll 8386 yedat thermal diffusivity 45 e da 50 303 ) goay Jariad
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Preduction of thermal diffusivity based on food composition

e ey ouldg Gl pas oIS sy (g g ele e 132D Gl Sa given AelS st S
il LA 8594 °C W jlada g (5 sl 3 ) jadl da o iS5 HAV) Jile ao jall A5 oDl ) Jgaal)
Gl sSa gy ) JEl Wil 1,607 x107 m?/s W laday sl all JLamy) el edas

el

Prediction of thermal diffusivity based on food composition

Given: Procedure

Water 875 percent To calculate thermal diffusivity of a food
material, you need to know its

Proteln 0.8 percent composition. If the composition is
unknown, then USDA Handbook 8 may

Fat 02 percent be helpful. Composition data are also

' available on the web at the USDA web

Carbohydrate 411 1 percent site
(http://www.nal.usda.gov/fnic/foodcomp/)

Fiber percent
Enter the food composition values in

s 0.4 r— percent. Make sure that the total is 100.

Reference: Singh R.P. and D.R.

’ :
HEE 870 et Heldman. 2001. Introduction to Food

Result Engineering. 3rd Edition. Academic
Thermal 1.607e-7 |mis*2 Press, London
Diffusivity

Thermal conductivity M gl Al Suasill Glua el -3
N QU 8 LS o138l i gSa iy s dae A28 ) AHES i Al pudiy Flenl) 2

djdaj\uﬁz\.dguﬁh)&ggﬂ\ 700C3)\)34.;J3A.\cd=.c?aﬂd)\)ﬂ\d:u4}ﬂ\m\ -l
s Sul

% dash i) | % eyl | % <iak g Sl | % cadl) | % (g
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Lﬁ,)‘)aj\ d:\.n.a)ﬂ\ E—iLuAGA\—\JJ@?O OCEJ\);:\AJ.JJ:%\JJM\‘;SMP)A\ Q\.ﬂ\,}.ﬂ\ U et
AN Jia gl jedas s thermal conductivity 2558 Aoz g2 jall jaill ey asid iy (g3l
(Sull JSE 8 e WS 50,514 WIM.OC o_)lata g zali yll

Prediction of thermal conductivity based on food composition

Given: Procedure
Water 68 percent To calculate thermal conductivity of a
food material, you need to know its
Proteln 21 percent composition. If the composition is
unknown, then USDA Handbook 8 may
Fat 10 percent be helpful. Composition data are also
available on the web at the USDA web
Carbohydrate |() percent site
(http://'www.nal.usda.gov/fnic/foodcomp/)
Fiber percent
Enter the food composition values in
Ash 1 pércent percent. Make sure that the total is 100.
. Reference: Singh R.P. and D.R.
ISEEREs 70 Sels Heldman. 2001. Introduction to Food
Result Engineering. 3rd Edition. Academic
Thermal 0.514 W/mC Press, London
Conductivity

Specific heat 433 de 5il) 341 Al o el 4
(T Ul 8 LS 5 o320 i oS i ad dmy 438 W1 ABUS e 48, pla (il Alaal) 35

Al Jsandl (8 A el S il 5 35 °C 5 s A )3 ie Wallall dpe i) 5 ) adl sl : Jle

% skl | 0 sl | 0% ijaa s Sl | 9% cadll | 9% gl
:Jall

specific 43S e @ 5o 3all il oy (81 AESH Gl A8 )S3 e ) G shadldl (i a3
U8 0o Apsmnall e 501 5510 0555 gl odle) Jal (b 5253 sl Sl 2 5555 et
Al JSal) LS5 3.666 kI/Kg.°C (b bl
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Prediction of specific heat based on food composition

Given: Procedure
Water 708 percent To calculate specific heat of a food
material, you need to know its
Protein 21 percent composition. If the composition is
unknown, then USDA Handbook 8 may
Fat 01 parcant be helpful. Composition data are also
- available on the web at the USDA web
Carbohydrate |17 1 percent site
(http://www.nal.usda.gov/fnic/foodcomp/)
Fiber percent
Enter the food composition values in
e 09 — percent. Make sure that the total is 100.
. Reference: Singh R.P. and D.R.
Temperature |35 oot Heldman. 2001. Introduction to Food
Result Engineering. 3rd Edition. Academic
Specific heat | 3.660 kd/kg C Press, London

rAalsl) 5 ) Al g due ol B ) Al g gl Jia il Gilewad Wolfram gl -5

Sl Talaie) 43 U Al 5 ) jall 5 Ao 5ill 3 ) jall s ol all Jua sl Cluad il 138 axdiuy
Al dey o i Y] a5 ) adh alad ey die gliag Ul melipd) 138 L) o sha )l (5 siadl)
Wolfram Demonstrations — 4esls 5 jaiuae 3 year 4 Jdaally o gyl e S

: Sull JSA 8 diue 43380 5 Project
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Dynamic Water Absorption by Foods

o damy 4l LS Lilall e e cualy Cua save flash gl A gl 138 Jee allaiy
Jads Guallly il Bayha 2 oA ) daula e i mabil) 135, il S8 Y
CDF player gt n Jd zlisg g zals

%% CDFPlayer_8.0.1_WIN.EXE

Wolfram Demonstrations Project leewl Al AUl 4,SY1 e 753l Lall A
.Estimating the Thermal Properties of Foods from Their Moisture Contents

i0i | Welfram Demonstrations Project Estirnat...
ralial JSal) b LS5, pilae JS Jam gealipall

Estimating the Thermal Properties of Foods
from Their Moisture Contents

% moisture - u | 90.5

s | EHE

above |below units
freezing | freezing

thermal conductivity (K) | 0.522| 2.197 |[Tm™ s!°C?!
specific heat capacity (c,) | 3.872| 1.980 [ kT kg™ °C™!
latent heat (1) 303.175 kT kg™!
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JLAEQ‘}“.I}\,:L\A&\BJ\);J\jCP:\:\c)J\BJ\)A.‘Uké)\)ﬂ\dﬂm)ﬂ\wdsubmcahﬂ\eﬁ
-Aalll) Y aleal) Coway dlaaiW) ddads Caatig (5 68 M;\M@;LJ\@M\GL:

¢p above the freezing point=4 19 M /100 + 0.84 (100 - M)/ 100.

¢p below the freezing point=2.1 M /100 + 0.84 (100 - Af)/100.

A = 335xM/100.

K above the freezing point =0.55 M /100 + 0.26 (100 - M)/ 100.

K below the freezing point=2.4 M /100 + 026 (100 - M)/ 100,
Ohalill 5 333l ga u slall Al 5y 431 Jaall ALiall cly jo3 JOA (e (o2 skl (5 sinall yuad Sy g
ade Jay e baall Yo e e A Gue Glo 2 selill skl (6 siaall sy

abasil (5 Al u_ijL‘)M 6 sinall 33L 3 Waal sae )y e S5 aa yial) Jau é.-.‘-L‘-’..,)-‘i
_c«‘;_ia..\l\ 9 @‘)....J\ 123 daill gé_'i\.ﬂ\ Shoaill (5 5l

3)lalls k ool duasill e IS Clua Gigllaall (&3 elas %10 Lebsh ) ddaia s 1l
€olall g dainll o ginl ) 40alS 3l all s Cp e 5l

S 8 LS i) el s Lo i o3 Aliall Cpnas ol 10 oy ey ) (o) 40 3ual) i) ol a3 o
24l

% moisture — 10.

b

above |below units
freezing | freezing
thermal conductivity (X) 0.280| 0.474 |Tm™* s e°C?!
specific heat capacity (c,) | 1.175| 0.966 | kJ kg™ °C~*
latent heat (1) 33.500 kJ kg™

Wolfram @ Demonstrations Project demonstrations.wolfram.com

YIS daiil) 585 (o) 9100 A skl Loxie
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% moisture -J - 100.

above |below units
freezing | freezing
thermal conductivity (X) | 0.550 | 2.400 |[Tm™ 57! °C™!
specific heat capacity (c;) | 4.190| 2.100 | kJ kp oG
latent heat (1) 335.000 kT kg™ ‘

Wolfram ﬁ emanstrations Project demonstrations wolfram.com
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2 Juadl)
il Jaa al
cooling load il Jas gl 2 -1

Al A b bl JAs il ) anpe ek gelindl B S e 7 s 5all il e

g sl 03l 5 )l a da )y iS5 2000Kg OSily ol e sLSIL (5 Al Bale (g1 5l i S ApaS ST

a3 63 W/MQM L ey ald Jglan o 3855 038 5 al s 5 JS) 2 sllaall 28l 5S35 50C
1oLl JSA (8 im0 LS 5,126 W 0585 o) oal) deadl sy o

Predict Cooling Load in Walk-In Chamber
Caused by Heat Evolution
Procedure Given:
You may change any number in the list of Amount of cabbage k
k . : : 2000 9
ata variables to view the cooling load rate stored
in the Result window. The default values
are same as in Example 6.1 (Introduction to Slaregetemparaiurg: |5 °C
Food Engineering).
Heat evolution of WIM
: : cabbage 63 g
We will use Table A.2.6 to obtain the value 9
of heat evolution (due to respiration) of
cabbage. Choose the larger value for
design purposes.
Try different values for cooling load rate,
such as the amount of cabbage stored
storage temperature, and the heat
evolution of cabbage. Keep a note of the
various calculated cooling load rates.
Determine if increasing the amount of Result
cabbage stored, or increasing the storage Cooling load rate 1206 w
temperature will decrease the cooling load
rate. Which factor appears to have the
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(i) AL b il daglital 3 pall ¢ A 4B S gl paat i -2

- oSy Al Bl ja da 55 20C (Sillp 2 paill A 2 5 ) s A 50 Ay allay rali ) 138 &

x5 85% (A helall 3.5 20 ton & 2l Jas 5 40°C (o2 5 &Sl 3 ) ja da )35 5°C

Lelall Bl cillie s 3l Bl S ol all Jieas HLH2,H3 oY) ad ey
: I JSA b daia e kil CLOLP. ¢la¥) Jalace

Predict Conditions of Cold Storage Room Using a
Vapor-Compression Refrigeration System (R-134a)
Procedure Given:

You may change any number in the list of Room temperature 2 ©
data variables to view the conditions of the
cold storage room in the Result window. The Evaporator temperature |-5 °C
default values are same as in Example 6.2
(Introduction to Food Engineering). Condenser temperature |40 °C
A program was designed to calculate Refrigeration load 20 tons
enthalpies H1, H2, and H3. Using these
values along with Egs. 6.16 - 6.20, we will Compressor efficiency |85 %
calculate the mass flow rate of refrigerant,
compressor power requirement, and C.O.P.
Try different values for various conditions of Result
teh cold storage room, such as the
evaporator temperature, condenser H1 156.633°| kikg
temperature, refrigeration load, and the
compressor efficiency. Keep a note of the H2 206.2314 kiikg
various calculated conditions. -
Determine if increasing the refrigeration load, i 326.002¢ kg
or increasing the condenser temperature will
increase the cold storage room conditions. M?S,S flow rate of 0.50384| «kgis
Which factor appears to have the largest emgemt
influence on the cold storage room Compressor power
! kW

conditions? requirement 17.6472

cop 4.68903;
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- oSy Al Bl ja da 55 20C (Sillp 2 paill A 2 5 ) s A 50 Ay allay rali ) 138 &
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Predict Conditions of Cold Storage Room Using a

Vapor-Compression Refrigeration System (Ammonia)

Procedure Given:

You may change any number in the list of Room tempersture 2 ©

data variables to view the conditions of the

cold storage room in the Result window. The Evaporator temperature |-D °C

default values are same as in Example 6.2

(Introduction to Food Engineering). Condenser temperature |40 °C

A program was designed to calculate Refrigeration load 20 tons

enthalpies H1, H2, and H3. Using these

values along with Egs. 6.16 - 6.20, we will Compressor efficiency 85 %

calculate the mass flow rate of refrigerant,

compressor power requirement, and C.O.P.

Try different values for various conditions of Result

teh cold storage room, such as the

evaporator temperature, condenser H1 390.913(] kg

temperature, refrigeration load, and the

compressor efficiency. Keep a note of the H2 1452 307 kJikg

various calculated conditions. =—

Determine if increasing the refrigeration load, i 1668.72(] kg

or increasing the condenser temperature will

increase the cold storage room conditions. Mass flow rate of 0.06626:| kgis

Which factor appears to have the largest e

influence on the cold storage room Compressor power ¢ ww

conditions? requirement 16.8723¢

C.OP. 4.90436:
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LAY &, G gl Jaad) Gl bl i -4

Al Jlea¥) Clusy el 3l & 58 cold room calculation 5.0 e s zalidl aul
han ey sy el ) e o bl e laie WU 33 Y1 Jadal faxdioaall 3yl o il

AUSIL Balall (a8l (80 g s el 5 2 p0ll 48 2 ) 0 3 e Juate 5 geali il

Ll eds cold room calc 5.0e JUss & start &80 e jall ahyy el Juads
: ) JSEN 8 A e o LS el yll FpaiY)

- 7 ™y
% Cold Room Calc 5.0e - Untitled - [Enclosures] = | G S|
File Edit View Window Help
0 = = & i t t z
New Open Save Print Enclosures| Goods | Regime | Report
Wall 1 Wall 2 Wali 3 Wall 4 Wall 5 Wall 6
Orientation  [\grth v [East [South [West
Height [2000 mm [2000 mm [2000 [2000 mm
Length f2000 med 2000 ram 1000 mm [1000 mm
Insulation l[none] LI l[none] l.' I[none] LI I[none] LI
Number of
Insulation Layers
Type Ilnlemal (opaque) _v__| ]Intemal [opaque) _vJ |Inlema| [opaque) _v_| Ilntemal (opaque) _v_I
Percentage of
Glass Area
Adjacent Room 0‘c 0°c 0‘c 0°c
Temperature
Ceiling Floor
) {Wall 1}
Insulation I[none] L‘ |[n0ne] Ll
Number of
Insulation Layers @?HE @e@
Type I!nlemal Ll IIntelnaI Ll
Adjacent Room 0‘c 0‘c IWall 3}
Temperature I gL
Configuration Iﬂed angular ,I
Construction ILighl ,I
For Help, press F1 Y
—

szali_yal) il gSa
() e el o S

idady s ol sall Jay 55 -]
Lot Aania AalE Helnidle @) vie o:Fjle -
. untitled (oo s 2 Glly Cale 238 51 Lele 3l Mienew *
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o kA ol Ol ey Waa () e Sy Cale iy o 68 Lgale jaill 2ie:open *
(s Wonsa b5 gdaa (IS i) Cus Calall Jadny ool ol o 8 Leple il e :save *
P gmlal)
by )l @sia jedy lgdle il die 55 ja J5Y il Laisn o 8 5:53ve 8BS *
. ’~ . J ~S S‘ ".. -~
Aalall sl dcldal eV 1a PRENANY :print *
Adglaall s dxgllall Cunaiil 5a¥1 138 aadiun :print setup and preview *
bl e s oAl eV I aadliay exit *
led Aaie 4l Helaidnle jaill die 5 :edjt -
current o)sie Sy insulation 4esl Jlss g e jeda asle jaill sie:insulation®

Jalrs G 48 CAEN Jaall 5 il daudal) clas 48 a5 Jlall anl 48 Jis 2a o record
g 35 i el o ) sie i) 3 s a8 Loy 5l g Jlall e il 51 sl Qs

Allial ga s J 3l
5. Insulation [_Jd;h
~Current Record 3
Find Record...

Insulation Name

|corkboard, 025 mm Add Record
Standard Layer Thickness, mm Delete Record

|25

Thermal Transmittance Coefficient, W/(m -*C)

[0.043

Close

|4| 4 |Total Records: 60 [ 2 I }Il

i Ol e e el ) Aag ) clllia

Lrzall oy S o g JOld) sl JBAS) Qllay l sa o e jedas adde @il xie :find recorder-1
;gjtﬂ\ dﬁd\gﬁ@hy}husjokulc

Find Record

Enter insulation name: OK

Cancel |
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Jia s insulation name i A J k) an) Jial Gllay ale @il sie :add record-2
bl adsda a3l J gial) 3 4 alasiall e slaal

Al QUL CadaT a0a%05 :delete record-3
30l slat:close-4

S g il au dm gy V) Jiall 6 Jgia A e 33U el ade @l xie :product*
w\;‘\@JJMY\:\LﬁJé}S@)ﬂ‘E‘)\Jﬂ\c_\\‘)j\}.lum\:dnmés\dm\@j;w‘csjju
L;.cM\&H}M\BJ\);&JJJA&AU»JM\&}M\wcﬂu\gc).\]\g;)\)ﬂ\&_waﬂ\
) OS5 LS 53801 3le 5 Cainlly a5 8Ll 3l claiiall ial jaias i Jag 5

[ & Product =)

rCurrent Record 5
Find Record...

Product Name
lBeef: carcass 54% lean Add Record
V[Eter Content, % mass
45|
Highest Freezing Point, °C

[-22

Specific Heat Capacity Above Freezing, kJ/(kg -°C)
|2.428

Specific Heat Capacity Below Freezing, kJ/(kg -°C)
[1.423

Respiration Specific Heat Gain at 0°C, Wikg
{0.0001

Respiration Temperature Rate Coefficient, 1/°C
|0.0002

Delete Record

Close |

|4| 4 |Total Records: 100 [ 2 | )II
'—.

&;\}@\3)\}&)3563};&UAJQ.LAJL.JAA]\H\GJLLﬁ)ﬁ’édﬁh)@.k.ﬁl.@.)lc )ﬁ\.‘\.ﬁccﬂy*

ol il ol oy pd e L) (g 5iaty Canall Juad (8 o) gl Apaill Ay 5k 5 Canall Juad
: ) IS 8 LS 33800 (3le 5 Cadall g anll s A8Lad i) 5 )
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(= city () |

-Current Record : 2 :
i Find Record... l

City Name
lAIgeria: Algiers Add Record

Location Latitude, * (With minus for S.L.) Delete Record
37

Summer Design Air Temperature, °C

33

Summer Design Air Relative Humidity, %
|52

Close |

|4| 4 |Total Records: 390 ) | NI

e S American units international unit e (s siad 4aild Jawii lgale jaill vie view-¢
laa gl s e Jandl LA

A il L8 Jawtt adle @l vieswindow--=

O ae padl Gl glaay 3laii aae Clel )i (g 5iad LS jedai lgale @l xie 5 1 enclosures-1
SJ\)Q\ Q\;JJ}L\JAJ\}[UMU d)\;d\ &ﬁ}L@JJL}L@.GGSJU\AJJQ}Q\JJ;M ol dﬁAA;\J.C\M
JSAl & mimse ga LS elill dada g JSAlly () Al asdads a5 033l (e Ay 8l o jall

:cUJ\

34



&yl dasia @b dygalall slybill

6“(«14.1[ OLAA) wzal.a

@ Cold Room Calc 5.0e - Untitled - [Enclosures] = | ] S|
File Edit View Window Help
0 = =] =] t 1 t =
New Open Save Print Enclosures| Goods | Regime | Report
Wall 1 Wall 2 Wall 3 Wall 4 Walls Wall 6
Orientation | vl [East [south [west
Height [2000 rom [2000 [2000 mm [2000 ram
Length [2000 rom {2000 mm [2000 mm {2000 rm
Insulation [none) | |inone) || none) | |(none] |
Number of
Insulation Layers
Type IIntemal [opaque) _vj IIntemaI (opaque) ;] ]Intemal (opaque) LI ]Intemal (opaque) L]
Percentage of
Glass Area
Adjacent Room |g °C Ig 'C Ig C lg '
Temperature
Ceiling Floor
. (Wil 1}
Insulation I[none] Ll I[none] ‘j
Number of
Insulation Layers E’EE @@
Type | Intemal L! | Intemal j
Adjacent Room 0°c 0°c TWall 3 b
Temperature I I LS
Configuration IHeclanguIal ,I
Construction ILighl ,I
For Help, press F1 7

e aga 438 &1 Lgta aal g JS iy Jlaa¥) e (o i 5L jelai lgde jaill vie 5:goods-2
)l el oy ST llaall 1380 g g3 LAY o LAY (e Al g 53 et aule Juaal
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r al
@ Cold Room Calc 5.0e - Untitled - [Goods] = S
File Edit View Window Help
O = = & t 1 t b
New Open Save Print Enclosures| Goods Regime Report
Load1 Load?2 Load3 Load4
Product I[none] _v_' I[none] LI I[none] _v_l I[none] Ll

Net Quantity hiohe]’ e A
Beef: carcass 547 lean E
Process Beef: carcass 607 lean  —

Beef: dried, chipped
Beef: liver

Beef: round cut
Beef: sifloin cut
Beef: veal, lean

Process Time

Container Material

Container Percentage
Entering Temperature

Required Temperature

Load5 Load 6 Load7 Load8

Product [inane) | [inone) | |inone) | [inone) |

Net Quantity

Process
Process Time
Container Material
Container Percentage
Entering Temperature

Required Temperature

For Help, press F1 4

S d

ol LSRN o g City -1ioh Buae Glel )i o (o siad Al el Lle @) xie 5 :regime-3
da ) 48 iS5 cold room temperature set point-2.led o aall Ll cslhadl Al
ol 48 e ol ok Jidsicold room air conditions-3.x il A jal 4 glaall 3 ) jall
xS ¥ (s gisa Sad g ambient air atmosphere Jie sl jaall o) ga dae o LSS 24 43
238 5 (ybdia (panS Y (s sina () a3 modified gas atmosphere Ly ¢ oanhll g sal)
i3 g:cold room air relative humidity -4 .2l 48 e &3 (8 Oladiall (udiil Aaddii
Jial i :cold room volume air ventilation-5.xall 4 & 8 ) sl dauill 45 6la ) Lead

Al 48 pe 8 ) sel) Led a1 &l yall 2ae

Aol g JAIAl Jany 2l 5 G & minimum rate DL cias sl o) sl s IS
cold & IV Aadll s oa JAN) o) sl ead Janal (el uS) iy o 58y Cigas el )
number of aladiuly 44 suse 4l dall g 4y 50l 48 )2 ana s room volume air ventilation
minimum rate of outside air supply per s people working inside at one time
il s e S olos ded Jlaol 4 L rate of gas flow into cold room-6 .person
S s ) s As s S8 temperature of gas flow into cold room-7 Adds ) delu (X
ssisa JA3) & oxygen content in cold room atmosphere-8.x il 4 e Al Jall)
5,0~ 4a o Jidi g temperature of ground under cold room-9.x il 48 e 4 cpauS 6Y)
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sl &l Jia g service heat gains percentage-10.x il 48 e daa )l Cad Y
el al Jiad g infiltration-115&0...... ) s 5 paladi¥ly 4l HeS) GilS ) selial) e il
13 Jaxd) dai gl ) opening height-12 &.... <l sV i dais o) sedl oad Cllaa
eladl L g 40SN 3 3l Jia3 opining per 24 hours-14.Jaxll 4a38 (= e opining width
s=alaSY) (e 22 8l number of people working inside at one time-15.s side Gl)
axa dad JA3i s minimum rate of outside air supply per person-16 .Jalalb ¢ slesy 3l
daily average total -17.u,4ll 28 ¢ Jahy Jery (add S e o) g o) (A Al 6l 5l
electric -18 asdl A& A saiall 3.Ladd 4K 5 )2l Jial power of lighting devices
) Al Glasall y ALl 40N 3,080 Jediy  daily average total power of motors
Y Qley 9410 Bl 8 3335 safety factor percentage-19 .xoill 48 & A Jeas

QL\LA)SA\ AT 6..4‘9.1 ‘_‘,JLSS\ dS..:J\j
File Edit View Window Help
D ® | 2 & t t t >
i New Open Save Print Enclosures| Goods | Regime | Report
Cold Roo;n‘Tefn:)erature IU ’C City |(defau|t parameters) _v_J INorthern Hemisphere _v_‘
etpoin
2 v Lat: 45°N; Temp: 35°C (95°F); Hum: 50%
Cold Room Air Conditions I Ambient Air Atmosphere Ll P )
rService Heat Gains
Cold Room Air Relative Igo % ATt (i) = I
Humidi ing Heigh
Cold Room Vol:tylme Air e Open per2t “
0 changes/24h : .
Ventilation I Opening Width haars
. Number of People Working Inside | '
Rate of Gas Flow into Cold at One Time I
Room
Temperature of Gas Flow Minimum Rate of Outside Air
into Cold Room el I
Oxygen Content in Cold a8y, v_eragg < . Jens 0w
Lighting Devices
Room Atmosphere :
Daily Average Total Power of 0w
Electric Motors
Temperature of Ground 0:C .
under Cold Room [V Detailed
Safety Factor 0%
Percentage
For Help, press F1 4

@ Ome LSy alualdl preny I Jaall ad SY JalSia 85 ellacly el il o 3ireport-4
il JSal
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¥t Cold Room Calc 5.0¢ - Untitled - [Report] (o [®@ ] =]
File Edit VYiew Window Help
O = (=] & * 1 * z
Mew Open Save Print Enclosures| Goods Regime Report
” Heat Gain (Watts) || Ratio (%) Customer Info: Project Info:

Through Wall1 || i
Through Wall2 || ||
Through Wall3 || ||
Through Wal4 || i
Through Walls 5&6 || ||
Through Ceiling || ||
Through Floor || ||

| |

| |

| |

| |

| |

| |

| |

| |

| From Load 1 || || |

| From Load 2 || || |

| From Load 3 [l || |

| From Load 4 || || |

| From Load 3 || || |

[ FromLoadé || || | | || HeatLoad (Watts) || Ratio (%) |

| From Load 7 || || | | Enclozures (temp. diff.} || || |

| From Load & [l || | | Enclosures (solar rad.) || I |

| From Ventilation/Gas || || | | Goods (product coolffreez.} || || |

| Service || || | | Goods (product respiration) || || |

| From Infitration || || | | Goods (container cooling) || || |

| From People || || | | Ventilation/Gas/Infitration || || |

| From Lights [l || | | Service/internal || I |

| From El. Motors || || | | Safety || || |

T I | | Tota I [ |
|F0r Help, press F1 Y

Refrigeration il gl » -5

(o el A e (s sina
Refrigerant calculator i) Ji) g cibibua el 5 -

LG (ye galinal 0sSi s Ayl ALl A 8 oy i) Jile el g3 oy eyl 138 56
, options , about : & L))

refrigerant Jis saae QU e (g a8 AL jedat 53l 13a e haaaall xie : Calculator-1
Al B s (e B ) ) Led A Jaud ale bkl die ag o (g iy il Leliay
LA e sane )0l e s sinins )l pall da ja g aruall Cilas g LAY ) )l e Lyl (5 5iad
sl e il die 5 e 5l aude Jile o gudia e ()5S Ladie 2 il Jila (al 53 48 j2e (Say
add L) Gl Jarall JDA (e iy A8l gl ) Jiy g g g8 ) cdlbuioaal) b eiliil) gl

. refrigerant info
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. Option-2

bl g il slrall (any 4085 :about -3

P Sel |
|&3 Refrigerant calculator S=NEel X
Calculator ] Options | About |
Save
Refrigerant: IHZSD, CH3CH2CH3, Propane L] Add refrigerant info l =
o Lopy
(Pin— [ critical = 0.00507 m~3/kg -
@ Bar Reference: Print
¢ kPa Thermodynamic properties: W.C.Reynclds: Ther — “z
Thermophysical precperties: Thermophysical Pro|_
~Tin— |-=mmmmmmm e 3 Help
* °C =
K 7 [ I | N Hide
T_gas p_gas v_gas h_gas $ gas Conductivity_gas Add Point
[11E38 |11E33 |11E38 [11E35 [11E38 |1.1E38 Cloar
—Sat. gas: ~Saturated liquid— Gas:
T || Te | T Twpl | Tt | Ty [Tvihg) Tvispl
p(T) p(T) | v(m) p(T.v) |
Tpvls)| | _him) | s v(Tpl | v(Ts)
oo |visem)|| | TR [ h(TY
h_lg [T] | Con [T] s [T,D] s [T ,V]

Co(Tp) | Cv(iv |

Con(T.p]

| Visc [T.p) |

Y _Sound (T,v.p)

I Isentrop Exp [T.v) I

Heat transfer fluid calculator adtall 83 ) adl S clwa zald ) -2

3l all 5 ASilaniSll da 5 5l 5 ASaaliall da 5 5l 5 (5,1 sadl Jua sill 5 AU sy sl 53
red D)) agdday 8 e i pall (g ging o, b Jiate p i jledal s darially o sagll 5 e il

select fluid leem! &lsall glsi) o (g5ia3 AAE jedad e Laaiall xie 5 :properties-1
valid area leawl sVl da oy 3l all Aajos S Al a8 S8l el o Ll (s sings
force \eliw ax 5053 ) all Ax 2y S il Jedii g input data e Laayl (s sisa 5 selected fluid
A 4 ol Helaiy cllaall o) ab @il oy Lle haall xe Al calculation
OOV e Jarall aay il 4 eldss notepad o xS @ e s calculated properties
i edat adde haasll vie A add pressure drop L) sle L s iy 5 add properties
el )l e Laasl (s gisa g pressure drop (8 82 s> gall Cila glasl) S ) 2as Jarally Ja gagl)
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r 0 o "
|22] Heat transfer fluid calculator |
Properties ] Pressure drop] Dptionsl Help I About ] Notepad:
Select fluid: ~Input data: *
Calcium Chloride N I“—
Dowtherm J K [Naz] 1000
Dowtherm Q o, I
Ethanol | TrE l
Ethylene Glycol -
Freezium Force calculation |
Magnesium Chloride
Magnesium Chloride, Calcium Chlo
Methanal =| Calculated properties:—
Patassium Carbonate p [ka/m]:
Propylene Glycol l“‘—
Sodium Chioride 115528
Syltherm XLT 3
Thermogen YP1863 L | Colitkg K
Tyfoxit ¥ l3.31 3
< | 1 | »
— % I K)J:
—Walid area for selected fluid: ID 158
% min [N 2] ' - -
X max [N/A 7] u[10 Pa-s) < *
A 284.603
T min [°C}: -20.00 l 4dd properties Clear Copy Print
T max [‘C) 30,00 | | vIcSt: .
T freeze ['C) 2300 2.464 Add pressure drop | Save Hide

shilly ¥l Jsh (Ao (s5ia3 8 S Aa ) et ade laxall e : pressure drop -2
Lyl g sindy Bas o DS ¢l ) L) danadiall Jdall 8 i) Sl du 4582l 5 Sal g 5]
>l gboall o B Ghoall o) dadll Ze jull W Jia specify velocity e
Lbsedl Jlaie el calculate L) e baall die 5 value A 3 Aadll aagiy (Cay eail)
Y (A g ) 6l ) lake g Jazaally
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’ .
IQ Heat transfer fluid calculator =aaEs X

Properties  Pressure diop I Uptionsl Help ] About l Notepad:

Length [m}: IU If ho length is specified

then pressure drpp is
Hydraulic diameter [mm]: Im calculated pr unit length

Roughness [mm]; IU

—Specify velocity:

; Note: If you specify massflow
& Yelocity [m/s] or volumeflow it is assumed
£ Massflow [ka/s] that cdculgtions are done
% on a pipe [i.e. the areais
" Volumeflow [m™37h] calculated as pi/4*D"2)

Value: IU

Calculate I Calculation is based on
current property values
Pressuredrop [kPal: |EI.UD =

< )

Reynolds number: 0

Add properties | Clear I Copy | Print |

Add pressure drop | Save | Hide I

Gl Jshs 2 °C 5 oa 4a )25 10% S5 die JsSOIS (bl 2yl Jile sl vie @l
Glua ddhdl 2 kg/sec. S Gballs 0.001 Lsialls 0.05 Salsouledl hilly 2m
A b g Jazaally Ja gl s Jilall 138 al

:Jall
10% S A aia e input data 4s &5 Ethylene Glycol _lia) <4 select fluid o«
Sle bt 8 Llaul &l Hedas force calculation e baad &5 2 °C 5,0 all 4 3
hydraulic S5 uedl Jhdll s 2m length ¥ Jsb iS5 e A pressure drop

&2 <iSlhvalue A 8y mass flow JLisl 5 specify velocity 43a 85 0.001 diameter
Lelen) Al gy ) a8 ) g arially b gl 4ad yelsi calculated (e baal

& ks .add pressure drop s add properties e bzl s properties ) 2923 @l aay
2Ll e g LS5 bl ) notepad
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Q Heat transfer fluid calculator | e

Properties I Pressure drop l Dptions ] Help ] About | Notepad:
Se|ectﬂu|d _lnputdata ;;*f;ﬁ****ﬁ#**wﬁ***i*******#ﬁﬁ***::;&;w***;;l ~

. = ui = Ethylene 3
Biﬁ"‘:‘rglrcﬂo"de 4 X[z} [10.00 X [vol %] E 10.00

th . T [°C] = 2.00
Eﬁgn:,'m d |t oo Density [kg/m~3] = 1018.20
memm— Specific heat [kJ/ (kg K)] = 3.943
Freezium Force calculation | Conductivity [W/(m K)] = 0.515
Magnesium Chloride Dynamic visceocity [10°-5 Pa-s] = 185.671
Magnesium Chloride, Calcium Chlo : Kinematic viscocity [cSt] = 1.922
Methanal £| rCalculated properties:— || Freeze point [°C] = -3.67
Potassium Carbonate p[kgjmsl: o e o o
PfoP.'r'Iene GI.?CO' 1018.20 Pressuredrop
goﬂl]um C>P<1qul[|de s Length [m] = 2

ymerm : Diamet = 0.05

Thermagen VP1863 | ca I OB e _

p Roughness [mm] = 0.001
Tyfoxit N l3.943 Massflow (kg/s] _ 3
{ II] 4 % WM K)J: Pressuredrop [kPa] = 5.912473447¢
—Walid area for selected fluid: ' 0515 Reynclds number = 268028153.53
X min [vol ] 10.00 - -
3 ma [vol £] 9000 | | k1O Pas) al I | ;

A ’1 95.671 ; 7
T min ['C] 0.00 Add properties Clear Copy Print
T max ['C} 12500 | | vIcSt: _ : :
T freeze ['C} 367 ,1 922 iadd pressure drop Save Hide

L1 L e ekl

’
| w Heat transfer fluid calculator

Froperties  Fressure drop | Elplionsl Help | ibout |

—

Hydraulic diameter [mm]; |0.05

ID.EIEI‘I

Mote: If you specify massflow
or volumeflow it iz azsumed
that calculations are done
oh a pipe [i.e. the area iz
calculated as pidd*D " 2)

If o lenath iz specified
then pressure diop iz
calculated pr unit length

Length [m]:

Boughness [mm]:

—Specify velocity:

 Yelocity [m/s]
* Masstlow [kods]
" Wolumeflow [m™ 3]

|2
Calculate |

Pressuredrop [kPa):

Yalle:

Calculation is bazed on
current property values

IEI.S'I 24734

Reynolds number; 26023159.59

Motepad:

LR R LR E Ll E e E Ll Ll Ll Ll L Ly

Fluid = Ethylene &1
K [wvol %] = 10.00
T [°C] = Z.00
Density [kg/m~3] = 1018.20
Specific heat [kJ/ (kg E)] = 3.543
Conductivity [W/(m K] = 0.515
Dynamic wiscocity [10~-5 Pa-s] = 135.871
Einematic wiscocity [cSt] = 1.322
Freeze point [°C] = -3.87

e e e e e e e e e e ok e e o e ok e ol e e ol e ol e e e e ol o e o e ol o e e e o o o e e

Pressuredrop

Length [m] = Z
Diameter [mm] = 0.05
Roughness [mm] = 0.001

Massflow [kg/s] Z
Pressuredrop [kPz] 5.53124734474
Reynolds number 260281553 .559

1| 1 [ b

Add properties Clear Copy Prirt

Save Hide
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Refrigeration utilities gl » -z
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Jie ddlide lEay g clakada ol Jglaa JS3 e cbila) Jiad oSy DA a5 new -
diagramT-S diagram , log P-h , h-S diagram , 1-x diagram , saturation table ,

43

table

A 9a il il 203505 1 open plot -«
references-z

exit -¢

. owoail) 5 Al SOV s yi 5 o) gall 48 g:windows-2
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T-S diagram, log P-h diagram, h-S diagram, I-x diagram, saturation table, table
(oY) ISl 8 e LS

|0 & 9|

wlll
a0
1
1

e |@H|Lhl

it D) A ) e g finida gl jedai log P-h diagram 4 S e haall die

33c g8 category Leew 3 e 4lA Gl 3 )il Bl g e 820 g 53) L s« refrigerant -1
Aol ) e Ciial o g3 e e g all |, natural , mixture , synthetic, pure & < 1ba
ol Aipne Lelaualdi g

r'f = E— s T = S e —— = e e

Set properties for log(pl-h diagram; Current refrigerant: R22 [i_E-J

Refrigerant | p, T, 5 and b ] Plat specific: ] Reference

Befrigerant: B22, CHCIFZ, Chlorodifluaraomethane

OF.
R4014, R22/152a1 24 (B3/13/34), R401 4 -
R401B. R22/152a/1 24 (B1/11/28). R401B B Cancel
R401C, R22/152a1 24 (33/15/52], R401C
R4024, R125/290/22 (B0/2/38), R4024
R4028. R125/290/22 (38/2/60). R402B Help
4044, R125/143a/134a [44/52/4), R4044 —
R4064, R22/1420/600a [55/41/4), R4064 Load settings

R4074, 32125/ 34a [20/40/40), R4074
R407E. F32/125/134a [10/70/20). R4078
R407C. R32/125/134a [23/25/52), R407C
F4084, R22/143a/1 25 [47/45/7). R4034

4098, F22/124/142b [E0/25/15), R4094 Default
R4104, R32/125 [50/50], R4104 —_—
R4108, R32/125 [45/55), R410B
R500, R12/152a [73.5/26.2], R500 L
RE02, F22/115 [48.8/51.2), RE02

RE07. A125/143a [50/50), 507 i

neonsd aTHACAn T Rconas

m

Save zettings

oLl Jl)
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Set properties for log(p)-h diagram; Current refrigerant: R22

&

Fiefrigerant  P. T.sandh | Plot zpecific I Feference I

—Pressure:
% Bar

Max [Bar/kPa) |20
" kPa  Min[BarskPal ID-5 [=-54.8 "C]

[= MA)

Entropy——————————
(Step [ Aka kL |5|:|

OF.

Cancel

T emperature:
Maw ['C]:

Step:

Murmbering interval:

200

i
e

Help

Enthalpy [k /kag):
Step:

Murmbering interval:

Zern factor:

|2n

Save zettings

Drefault

—Data for R22:
Thax = 1000.00°C T_critical = 96.00°C
Thlin = -150.00°C
Ptdax = 300 bar P_critical = 49.774 bar
Phdin = 2 43878E-5 bar

W

e

die AV g darcall G A8 Jiay & pal) Sl aldd) Lladall jedas ok ) e bl e
aAJJﬁgdﬁu“f‘)g_kJ} w\@ Mg\é&:ﬁ}d\&mjm_s:uﬁuﬁ)\ﬁﬁb_)i
DLIJ‘U.AAA-}QLASJM‘}LJLJ‘J‘"EJ‘):UY‘}&‘}J\(AAAJ‘J‘f\SuJY\j 5yl

M Falsgwarze ctdine - Logp-b degrare P22 CHIF] Chicrccfiamomedtaneg

o

I Sy

[Fele@ibLEsS

Foomi  Cxtin o Hely

ros

2wWARA O~

2] Gawn o

nw
o (7
“n

om
wm

n

po )

Presae [Pe]
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s S 3 5 ol il 5 AS LAl g A Jie Cile slaa Led S5 fdentification-]

7 —— _— . < ‘
Preferences - Default f &J

|-» diagram ] Equation set I Appearance I
Identification I Diagrams ] Log(p)h diagram ] T-s diagram ] h-s diagram ]
Name: I Phone: I
Company: I Fax: l
Address: #  E-mail: l
Other: -
< I < P

Fields to add on prints:

[] Name
[] Company
[] &ddress
[] Phone
[] Fax

] E-mail
[] Other

Load Save Save as Default DK Cancel Help

A = = = 4

as default the following curves 48 Jlss me ey 4e haall aic 5:]-x diagram-—
isotherm, isenthalps, relative 4wl 45k )l 5 IG5 (o) all Leiladll 448 are visible
humidity

Adlisall a2y o LOLAD La U3 g8 aliyall &l 5 ) Jakall 3aa 5 208y 4d 5 log( P)-h diagram-z
: Al UK 3 LS Laal sl e ledal can gl il slaall 5 2l ,Y1 a5 auas s e 5ill Ciliiaia (g

w3 Yy (V) (add Cla glaall (K15 = 35880 4l 98 52h-s diagram-«

Boloal As ja g IV (adt Sila glaal) (81 = 5 88l 4l 98 5 T-S diagram:-»
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)

Preferences - Default

|-» diagram ] Equation set I Appearance
|dentification I Diagrams Log(p)-h diagram I T-s diagram I h-s diagram
Default pressure unit: As default the following curves are visible:
{¢ Let program decide [v| Isotherms in gas-area
" Bar Isochors in gas-area
7 kPa Isentrops in gas-area

Saturation curve

: : v| Quality curves in two-phase area
—Distance between quality-curve :
isecrquony % Isachors in two-phase area

¢ Let program decide Isentrops in two-phase area
" Specify value: Isotherms in two-phase area

Yalue (0.001-1]: II].[]D1

—Default number of isochores in every decade

(¢ Let program decide

f
Ik (" Select number: [ sl i

Load l Save I Save as Default 0K Cancel | Help

= = = —— — — —— = E = = — e

sl JRA 8 LS aalad) g aaaa g adll & g3 st 5 408 5 diagram -
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r - e
Preferences - Default , , &J
|-» diagram I Equation set I Appearance
|dentification Diagrams I Log(p)-h diagram l T-s diagram l h-s diagram |
Default font in diagrams:
-% Swe7 1 EnBT = —Default font style e Stle
Swis721 LEBT
Small 6 & |Regular v
B Swis721 LICn BT b E_Ellegis 5]
B Swis721 LEExBT Normal I3 3:' IReguIar _V_I
Syast
R Avistile andlabels  [10 2] [Reguar 7]
B Symap Large |12 _t_l lBoId _V_]
B Symath
B Symbol < 7
H Symeteo ¢§ =
B Symusic Qa“\ §
| | B Tahoma & e
H Technic o
‘| | TechnicBold =
B TechnicLite [ 4
B Tempus SansITC Sample horizontal
S0 Times New Homan® b
Load Save Save as Default 0K Cancel Help
L - — = = - 4

5 ooal G ¢ Aate Cada ¢ ¢ gad LR ¢ Jdate JUR) Sblee (5 a3 4y cedit -2
connect curve end

vl aadin () A sthaall Bl (s Java i) Sy 4S5 polyline--T e s a5 :draw-3
pull (o dximy gllae (el GUST A 4l )l a a0 jeda Adde Ll die gtext-c s
Sl IS 8 LS (i Bausi LA ) diLia)
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Text format @

Text: ]

Famt: Size: Style: Colar:
]T-ﬂj Timesz Mew Roman ﬂ J1EI ﬂ ]Hegular j I:| j

[T Test background invizsible

—Sample —Fokation

Ratation in degrees from horizontal:

0 =

—Test anchor——

= The screen Ok

& Coordinates Cancel
Help

it e g smg lsa ao e jeda Lede Taiall die 5 anjl (Guui &5y cplot -1 48 5:format-5
Sl I 5 LS i 5 sl s Sl (g i s

Plot format @

rMarging

% Marging in mm.

{ Marging in piels.

¥ Left = 13 7
* Right = T—
Y Top= 15 S

Y Bottern = |25 o

[ Draw border
[+ Text background invizsible

Background color:
LI 'white =| .
Plot background color:

[ windaw - _I

Selected curve color:

I Fuchsia | - oK | Cancel | Help ‘

1oLl e LS g g pl) (A X el Bpaalf o 4 5 1X-AXIS-2
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HK-axis options @

Man/Min, Type and Title | Ticks | Grid |

—Awis masdmir F D (11— oK
[T Auto mas/min value & Linear

birirnum walue: 1600000000 ™ Log [baze 10| Canicel
b aximum walue: 5E0. 0000000 Help

Title

Title: Font; Size: Style: Color;
]Enthalp_l,l [k kgl ]_t&' Times New Roman ﬂ ]1EI ﬂ ]Hegular ﬂ I- ﬂ
Title margin: |4 | 7 Distance inmm. % Distance in pizels.
AppErance

Style: “Width:  Color:

I 1 ﬂill B - HMoecolos.

¥ Line between points

Slaiile S Bani Liayl sy g sl ) saall (8 A% Hlall (uds 4l a3 ) glaall da8y ) Apnilly
format 4@ (e zali lly

§ a3 a8 Jau Lede Jazaall die :option-6

) (g ekt A A gllaal) L) U8 (e baaa 3 )50 JUA) &5 Led 5 sinput cycle -]
IS B ) a a3 pdll B0 s A 358 )53l sl s input cycle (e aaall x5 ) sl

-olid| (e [PAS 9. éj\ .....
Cycle input @
Select cycle type: —LCycle creation
* Ore stage £~ Two stage, clozed intercacler Edit cycle
£ Twa stage. open intercooler © Two stage. open intercodler, load at intermediate pressure ¥ Create new

Cycle name: J Jv Draw cycle Update

W alues: rCalculated—

Evaporating temperature: Wm Condensing temperature: Wm o~
Superheat: Wm Subcooling Wm 10000000
D'p evaparatar: W]E’ Dp condenser: W]E’ Oc [kkal:
D' suachion live: W]E’ Dp liquid ine: W]E’ 10000.00

CarF:

Dp dizcharge line: oo Bar - 2 éd
lsentropic efficisncy [0-1] 100 @ loss... W[kl k)

10000.00
i high [lh]
10000.00
[m high ) low]):
(000000000
m low [kae's]:
(000000000
mm high [ka/z]:
Diraw cycle | Show info Copy cycle Paste cycle Cancel Help 0.00000000
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S )l g e b g Aima s g any o pd SULL Jal 4 408 5 tinput curve data -«

:DUJ\ O LASJ L’.s.aj\j ‘éJSuJ\}H Glf—

Input cycle data

Il

H [kJ/kg]

pes -
L

OF.

Cancel | Pazte | Help |

-

Sle skl o gl anally AV g Jaaall 53 ) jall Cla jo maliLdl sk 5 :show log.-z

Al S
Aol ()3 any Jread &4 408 5 :Joad plot sitting-+
Adall aadiiy 5 :save plot sitting—»

1oLl (e LS L5 )1 28 90 2050 5:5€t lOg cornner- s

Set logo corner

i* Uppper left cormer

i Lower left carner

%2 |
" Upper right corner

" Lower right corner

OF.

Cancel

Al g adll maathy o 6y : set log font-cs
view errer-g
window-7

help-8

A oy )l gn e e aple AL Gy g il ¥ oy i (e 4gle J el o3 ssaturation table-#
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Set properties for saturation table. Current: R11
R11. CCI3F, Trichlorofluoramethane

[oromethane
ichloratrfluorosthane
F114, CCIF2CCIFZ, Dichlorotetrafhiomethane
F1180, CH2=CHZ, Ethene [ethylene]

R12. CCI2F2, Dichlorodifluaramethane

F123. CHCIZCF 3, Dichloratrifluoroethane
R1270, CH3CH=CHZ, Propene [propylens]
R13. CCIF3, Chloratrifluoromethane

F134a, CH2FCF3, 1.1.1.2-tetrafluaroethane
R14. CF4, Tetrafluoromethane

R152a, CH3CHFZ, 1.1-difluaroethane

F170, CH3CH3, Ethane

R21. CHCIZF, Dichlorafluoromethane

Rz, CHCIFZ, Chlorodifluoromethane

R23, CHF3, Trfluoromethane

290, CH3ICHZ2CHS, Propane

Befrigerant;

LCategony: |all

-

d Reference. . I

ak Cancel |

=]

Temperature unit. & °C K

% Bar

b ax temperature: I'I 93.00
in temperature:; I-dEI.EIEI
Step [K] I'I oo

Preszsure unit; i kPa

—[1ata far: K11
T crhizal = 198.01

THin = -70.00
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[ New Ctrl+ N
= Open Ctrl+ 0
i Cloze
H Save

Save As...
ﬁ Save [mage As...

[& Print Preview

% Erint... 3

B Print Setup...

53 HDClimatic...
& HDPsyTech...
E2 HDFreshAir...

Exit

\5“\'«14,1[ \‘)L‘-\) wzal.a

climatic data — ASHRAE 1997 4eul Jlss e xdh HD climatic Jlisl xie
s heating ¢id 5 cooling 2 (S5 S Lleall g 95 JLid) ADA e S fundamentals
disall JLodl die Aagall 3 deale 5ol gl b sl @ sall paal LA O Sl s wind 2l
JUall (& a5 adsall 2aadl Lol s Lelan) ) 4alad) (ld Georgia Y55 USA 1Sy ) Slia
ey ji5 yeday 438 [P (o ISEY) el ) S allal) aUailly 6l guw cilas 51l 3083 3235 Albany
8ol A o Jie oLl Juad (8 pddll y Cinall Juad 8 250l 3la ) Glild) jes (0
skl bsha y dihidl clli & ~L 5 9 Al 45k )l 5 wh dada )l 31 all 4a a5 db 4l
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£23 Climatic Data - ASHRAE 1997 Fundamentals ol @[ =
[V COOLING IUSA L” 59 Elevation, meters ¢ English (IP)
[V HEATING IGeorgia _:_I I 31.53 North Latitude % Metric (SI)

V WIND IAlbany _:_I I 84.18 West Longitude

SUMMER DB MWB [: WB MDB |- DP MDB |-

COOLING C *C 4 M =& e cab = X Xc i z
0.4% |358 (246 35.80(| |26.2 ||32.5 32.50|| [24.9 |[28.2 28.20
1% (348 |[24.4 34.80() (25.7 |[31.7 31.70|(|24.4 ||27.9 27.80
2% (339 |[24.1 33.90(| 1253 (131.1 31.10)[ |124.0 ||27.4 27.40

Average AnnualMax. DB °C Std. Dev. °C Mean Daily Range DB °C

WINTER DB RH Ioc db ,I Coldest WS MCDB | Average

HEATING *C % Month m's 2C Annual DB Std. Dev.
99.6% [-3.0 |50 -3.00 04% [9 |l Min. % s
99% [12 [0 120 1% [z |je

WIND Coincident with 0.4% DB (cooling) MCWsS |4 m's PWD |250 |des.

Coincident with 99.6% DB (heating) MCWS |2 mis PWD deg.

360
Annual Design Values 1% m's 2% |8 m's 5% |7 m's

b Olsiall Bl e 0S8 Al JSAN LS A8 el HD psy tech. L) aie-2
) Tl 5 o s Ll Jaially adl e (5 e e gV iy e (g siay V)
Axdy Y o sl aaadly Ay gda I Ay Al 4o gajll g dada Il g A8ad) 5,0 el A 2 g
Ostlalls ¢ 35 sl sle JST 6 Ja g ddllaall 4 gk jll 5 LAl Jaraia g A0S 5 sail) 4kl 5 )

JPECN{ Y

E Psychrome... |E||E”E
DB B3| st

Alttude [k
Barometric Pressure W
Atmespheric Pressure W
Dry Bulb Temp ET
Wet Bulb Temp [r80
Relative Humidity [s7.208
Humidity Ratio & gr " b |117.9941
Specific Volume 14.3564
Enthalpy 41.3955
Dew Point Temp 71.800
Density

Vapor Pressure 0.78631

Abs. Humidity ¢ gr " b |8.2189
Parts Per Million by Weight 16,856

Darte Dar Millinn hae Valiime 27 1nn

LR
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- Fresh Air Estimator RE:ASHRAE Standard 62-89 @
X Close
Application Class Iofﬁces l_'
Specific Application I Conference Rooms _'__|

No. of People I
cfm/ Person |20 Suggested Fresh Airflow (cfm)_

0Ll Anall 5 32 &) HLA 44 s e application class A (s gias

€3 Fresh Air Estimator REASHRAE Standard 62-89 =
X Close
Application Class Offices Lﬂ

Public Spaces

ific Applicati
SEeHiCSnpat Retail Stores,Sales Floors and Show Room Floors

No. of People Specialty Shops i
Sports and Amusements =

cfm/ Person Theaters B
Transportation

Workrooms v

0Ll Anall 5 3ac & HLA 4 g e specific application A& (s siad

e I
£ Fresh Air Estimator RE:ASHRAE Standard 62-89 [
X Close

Application Class IOfﬂces LJ
Specific Application IConference Rooms ;]
No. of People Office Space

Reception Areas
cfm/ Person Telecommunication Centers

Data Entry Areas

Conference Rooms
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no.of people 4. 85 <iSiLi dining room &5 food and peverage service Jkial &b

ALl xS 028 100 52 7 itall o) sedl Gl (8 <l

- Fresh Air Estimator RE:ASHRAE Standard 62-89

(=]
X Close

Application Class IFood and Beverage Service

=

Specific Application |Dining Rooms

No. of People IS

cfm/ Person

=

|20 Suggested Fresh Airflow (cfm)m

Gllaall Leia 3aie algas o 58 duuls (e 3 e & 5 windows calculator e bzl xic
Aa sl DA ey Aulall jedsistanderd Lesd 4l Jauii view e Jarally o5 il 4palal)

Jaa) 2ay oS 100/ A ASlgiunall 3 68 5l) ApaS lua GIXS 5 Ll8 )Y Aelida AT Lead 53 g gall railiall
r AUl JEN A LS o g ellgii) o 68 l) g Adlal) a8

w

Jba Wl programer

BRI

Fuel used (liters)

ElEEE

B E3ERIE

0

|

|
E2 1 ERP

|

|

|

Calculate

Ll

[:l Calculator o
View Edit Help
0 ‘ Select the value you want to calculate
[Fuel economy (L/100 km) v
' MC H MR H MS \ M= || M- ‘ Distance (kilometers) Enter value

Enter value

<

4

o AL QLA g Dalall Al elas gejentific WA xie g

UNit Jba 2 sa5 0 8 5 el Uadll s ol 5 Jamall e dilan¥) Gl 2 D andined statistics
..... 3ol all il jag Adlall g W3l Jie laa sl (Jeail andiin s conversion
oLl J<il)
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1| Calculator

Select the type of unit you want to convert

[Angle

From

Entervalue

[Degree

To

[Degree

3 sa G bhadll Jy i aBA e (Sas 5 cOpy chart emage e s sisa s cedit -«
sV B saia s il y a3l 1)) e (s st s view -z

e ¢ sis cchart-+

ol e Cilaslae 4US Sy Cus project information -1

apply e s i3 sychrometric process leew! 33U jelas Ll azall xie :state points -2
Jaal ¥ Jeall & Qe current point 4ewl psea Jsas el o jlidl) die g:add point
axall gl Akl 35l da o Jie DA e ldl by JE Jisd 8 dilad) 5 ) jall ds o
Aa 5 (55t 30 Lalate g A8 5 all da o JlAo) oy Leaied &l Al Ay gha )l ) oo gl
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‘ f | _Psych'rom_etric Proces:

¥

o ) e

@ Apply | [) AddPoint | €53 Cimatic Data... | X Delete | &f print | @ Help
| powt |vraBeL|amrFiow| wvom | PRocess | GwEN | |
[ p [ new AR 1000 STDCFM | Add State Point POINT
=] )
Current Point
DB o
fwe  ~|f2qf
AirFlow 1000
DB 30.000
WB 20.000
RH 5.4
w 0.00018
v 12.344
h 7.398
DP -26.107
d 0.0810
vp 0.0088
AW 0.105
Al ML edat g cillan Slall AWK Sy L 5:n0teS -3
B Notes S ==
& Apply | [} Add Note | > Delete | B Help | 7% Close
Aial -9 - |B 7T UL SL |0 375
[ note 1 |
clear all-4
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Profile IE

@ Apply XK Close

General | State Paint ] Margins]

- [ ititude (feet)
[o [ &dtitude =l

Lines and Feature On/Off

bajor Minor

Dry Bulb W v
Wet Bulb ¥ ¥
Humidity Ratio W v
Specific Volume ¥ ¥
Enthalpy I
Relative Humidity I
Extended Enthalpy |
Perimeter Enthalpy [+
SHR Index I

.general le Ll sy a5l A e zeali ) 8 Walag) G slaal) ciliall apan a1y Cua

( SUl JSA A LS g ddail) & g3 st g Jadl) 3t LIMA (e o Cus state point JLid die

Profile [==]

@ Apply ¥ Close
General  State Paint ] Margins]

~Point Style
Iy

i L i i
© @ & A
~Point and Process Lines—————

Point Color [ .| Point Size [50
Line Color .__] Line VWidth ]4—

~Point Label

Label Line Break
d Break On Color ._]

‘ Font
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At ) G Laaad 0 31 bW ald 8 margins Wl
(5 SRSV ) allall allailly ilas gl) s sad o BB (a5 2 UNITES—2
bl Aad st o LSS (e 5:language- s

One LS5, oDle ) b e upall 25 le JS 1 J e gl ABDA (e Sy (5311 il g2 Ty 5 Sl
;bUJ\

e HBRESS Qam w -gHS @ 2w smen | @] 8] 4E s B -

13) Jabadall & g3 st o5 AA 0 ASHRAE NO.1 92 5 Gl ga¥) Jay i 8 2sa gall Jaall )
DA e dlll e B el )l a5 st ) Adaidia 5l e 351 ja il deadl IS
il 80 s gl agd) e daziall

A8 5 ) el dayn ia) viad odlel il 0¥ day 5 (pe Jaladia g yy i 5 aladall deliha (Say LS
edit state (8 3_all Gl LS5 o3le ] & LS (5 1Y) a8 ) 2aaT g (5 93 20 Ak )l 5 5 5% 40
Lhiall dcbiby mali pll o gsy | Gl oW Jay p3 e print all  DLas) &5 &l ¥ oy )3 (e points
:&ygﬁﬂ\)@_}é\&tﬂm}MEJMﬁﬂb

STATE POINT & PROCESS REPORT

Report Date: GAOEE, AE 06, 2011 Altitude: 0 (Meters)
Project Information: Barometric Pressure: 760.001 (mm Hg)
Atmospheric Prassure: 101.325 (kPa)
1. New 1
STATE POINT DATA
Air Flow Dey Wet Rolatve Humidty Specéic Enthaipy Dow Denaty Vapor Absoute
{Standard) Bub Bud Humidity Ratio Volume Pairt Prassure Humidity
Us) ('C) (C) (%) (9%al {oum/kg) (kJikg) (0 (kg'cu.m) {mmHg) | (glcum)
472 £0.000 20.000 14.0 6.46 0.856 £6.827 7.5075 1.1233 70810 | 7,209

(VS elad bl L
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&7 %e Cream Freezing & Hardening =t

5 =

Ice-Cream Mix

Pk Fat Comtent
Serum Solids Content :
S E—
|

n

d & & ¥#

2aal) t}ij 2aaall :\.!.u:j EJ\JAJ\ Q\;J.Ag é&::ﬂ Gl Ji éj freezing Al L;—’tm c)',aj\j
IP 5 SI Glas g9 Aiiiaal) daaall 3 a8 g Apiiiald) dpaaill 320 g daaill 320 g jalise o) Clady e
il ek 5 calculate mix parameter and freeze refrigeration load (e Jaray Laday

R T Ty — T — = @ 0

Freezing

F-P NS STuNns

pr: ot —1 —

Cewrren : b : »

R — — . — .

v e r— . — .
R satch

frowzer Type

Frmsn s —— - —
et o v — - — -
e, [E—— . — .

1) Frmarind AUrmion S5osmes A 1Vee So0knd endnd 15 Fescs, sAD, Aoy A6y re08 (e e-(rman (v DanA

T At freerg durenon aemames 45 Bme zeriod meaded Cofy (0 Seann the C8-reaT (ric beroh o 4 desred crmttency.
T Froczer evates mattade assunes M wafyl sutol of S redier mateiee modur 1N deveisas frcton beat (A3% of (he erenpy rund o e (ofer b Soarale]

Colcabte M Parmmieters aod Faoocee Bebgaeaton Lood
Wix Specific wrght e niga e ol
e s e e
Frcn rot e . Pe—— <
Frzen s pevcomoge e - — »

Frevzer Hefnperation Losd*
=1 S E— s

*1 % estvaried ases Booe fosder and ooy avr added (0 the Al refnpemates bed calassies

4 all 5 )l e da oy giiall I ol sall e s 51 5 Hardeninge g=la sa 5 QA ¢ )
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Praduct Dutput
Hoam Entering Temperature
Noam Regured | emporalure

Room Type

Wardening Duration’
Actuat Harderiing Duratson’
Hoom Leagih

Rosm Width

Roam Hmght

Insudation Materal
Trsitatinn Thickmess
Hosm Alr Temperaters
Outside Air Temperatare
Fne Motprs Wattage™
Lighting Wartage

[P\:_\\tmum (Expardod)

WEm———
—
—
)

Hardening
I-# UNITS
/h
i
-
"o
-
"
"
"
B
-
-
-
w
w

4 Hardanog durahae sssarnes the e sened nesded (0 Aardan, doad and Lvisad the sechaped Ko <raem DoXA

Y1 actual berdering dvatin assumes he breo perad armded oy o berden (Te packeped A Crear beech 1o @ desrmd ol comadency .
1. ras motors matogr exsares exthar the gy uane of the fan motar (35% o axurate) ¥ mossted outsde the hardenng room or S Jalaf fen mater sowes ¥ mounted viac the Asrderng rrom

Hardosad Water Parcentape

Raore Reingeratian Lead™

L
mu/h
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L |
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Predict Lethality of Thermal Processes

Procedure Given:

You may change any number in the list of Reference temperature (438 o
data variables to view the lethality in the
Result window. The default values are KriGir tharai

same as in Example 5.4 (Introduction to death time < e
Food Engineering).

Thermal resistance (z) 85 o
We will use Eq. 5.19 modified to express M S
thermal death times and compute lethality. Thermal death 121 oC
temperature

Try different values for lethality, such as
thermal resistance for microorganisms,
reference temperature, and the known
thermal death time. Keep a note of the
various calculated lethalities.

Determine if increasing the thermal
resistance for microorganisms, or Result
decreasing the thermal death temperature
will decrease the lethality. Which factor
appears to have the largest influence on

Thermal death time 400 sec.

il (e 4 yras Gl ae Bl pall Cila pa il A e JBA e A s (S LS
phiuly o138l 8 ) ya Aa jo Ll Gl o Cua 7 4 ) el dasladl 5 (550 121 An 3 die (g ylall
)OS b eain g LS Adlide e 3 i DA JS o5
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Predict Lethality of Thermal Process

67

Procedure

You may change any number in the list of
data variables to view the lethality in the
Result window. The default values are
same as in Example 5.5 (Introduction to
Food Engineering).

By computing the lethal rate at each time
interval, the lethality can be determined by
summation of lethal rates. We will use Eq.
5.19 to compute the lethal rate.

Try different values for lethality, such as
thermal resistance (z) for microorganisms,
temperature at any time interval, and the
D121. Keep a note of the various calculated
lethalities.

Determine if increasing the thermal
resistance for microorganisms, or
decreasing the D121 will decrease the
lethality. Which factor appears to have the
largest influence on the lethality?

Given:
Time (min) Temperature (°C)
0 75
1 105
2 125
3 140
4 135
5 120
6 100
D121 1.1 min.
Z 11 °C
Result
;g’c'z’s"s” forthermal \75.2739:| min.
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MicroFit v 1.0 gl -2

D el a5 sl ol (8 Jany g 2 )Silall sl ULy Jalail aaia el jll 138
Sabia I e oo sl gl g Sl galll il 3aalba *

el s (A LA ae 5 ¢ shalill (e ) Jalre (e o J sanll Gllall sl 23 gad daiDla *

O alzal) oy 48l 0 ) 418 2ic 48| jya8) *

weabadd IS Lagin )5 Sllall (e (e 6 Sl aal gy b *

Aatinall ) (e Oplie senae e dAilaa ) ol HLIAY) ) jal *

>3V b s Sl el Ul oy *

17l cuuall

Wl Microfitere 3 g 35 ,<y1 e z sl Al o3 Leatd s mfzip Lean) 435S0 I ladl &5
Gealll s il Bk e A dadda o) ) di o) (R s L 8 pdle gl Jery s

el all A 1) ALY s

Glly et Sy, Gl alas ae Jalai st JS5 (3halie dsed A )l LALA auas
Aalal) e b 8o ga sall 7 5l lealitie Legdl 5 (el e JS0 data set 2 5 data set 1 onie sanall
S s dage gl ally @l ey 54 5 reference model sraall (U2 s0) 73 s aida

ULl aalaal o sall AaiDle e JS5 Jadsy Liayl 5 Baranyi Growth model

graphical display (sl (Gl labadall (i e 98 5 Jaall 4lay 2ie L& b ()5S, ASLA S
O Agilan V) Gl el olal e 5 jlasal) 235 LA Jiwl 85 il g Jod gl (i el addadll
statistical testing <Ll alas
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Reference Model
=
Data Set 1 el — Flelesros Hodst DalnSet 2
Fir i poe oo dFf] [ Data Set 2
e EI0 DD (o] | - Jfin
s [100 | TE] 0|
Pasrastor Exi st W i W—.I J JID Fs b Extirnaba
- 2 (1) Fm":ﬁ Mesimun Tine [E5 - “
. o g =
o - 14 s
LEE] il Frid Fii
- Graphical oz,
= Display | |
e T
Graph Giaph
F T ricd W oot F =
ml - S Ew : e T imde
a
j i i IS s j d-
[1.9ta 5 e o ikl = e [iata 5 mbacion Conil
Nl e . P -
\J_'l i SlE] o y '
Statistical Testing

Data Formats <lbibal)  gawdl

Data Files <L) <ilals *

CSV (Comma Separated <biball ¢ Juadll comma Abaldll paiins zali pll a8
Jars () (S I3 5 Sl 8 g g e Aol 3 a0 il alll il (005 () Variable)
Al <55 microfit alasiul 3 il saaa Clily cilile Jaad o (S s word el zlleay

P W B AP R UAN

Hzadsrl, HeaderZ

Number, Numbar

Numbesr, Numbsr

Number, Numbsr
etc.

ol el 8 Qe im il b 5 i L3 Lail s CSV/ (e = n ol & Joal il any Jpal 5 3a
1 S 3 LS gl () 55 bl il b Y 5Y) ALY (o siall mns Sia lan 50
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Time (hr), log cfu/ml
0.0, 3.1
0.0, 3.4
6.5, 4.2
8.1, 4.8
12, 5.3

bl of Wle &3 le o8 IS5 e gealisall I J3 o) camy L5, dlae Y1 o) Alaa e e
A8~ 3 jae 4 Dle ) Jsaall (833 5a gl

List Files <ililal) daild

Gt Ao (o 5iat a5, lilall cilile aalae i jed a ad a5 (% Ist Leale (L) culalal) 448
(S J gl (e el ddaadla Sy g Adlida

Header, Header, Header, Header - etc.
Filename, Values, Value, Value - etc.
Filename, Value, Value, Value - etc.
Filename, Valus, Value, Value - etc.
eto.

Agbiia )5S Cile Bl (e 1 5¥) o sieall o A KA (e s @lld e JiaS

Filename, System, Temp., NaCl %, Initial pH, Strain
TE3TO0L, GEL, 24q, 0.5, 7, XDo94/7
TE3ITO03, BROTH, 24d, 0.5, 7, XD94/7
TESTOO04, GEL, g, 0.5, T, clinical
TESTO0S, BROTH, g, 0.5, a, clinical
TESTOOG, BROTH, 4, 0.5, 5, ¥394/8
TEST0OO7, GEL, 4, 0.5, 5, ¥394/8

Loading Data <uilal) Jaaald

bl 8 Uil dslial J8 | ASLAN Hlaw o) Gy e 25 gall 2 oIl e clilal) Jaass (Sa
425 sall clear LoV e daraall ONA (e elld 5 48l il (o) (e Calaia el all 5K o)) o
zAds

15 ydla CSV clila Jyand

13 calall zidl (5 ) sa aa e sedas Load Data Set 1. s file 4ail (e 5 4w ) A5LE (e
sl (B llall jedat (o g g aidll y palla i) CSV dlaie¥) e 45 jae lily el culs
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oSl o L Ayl o35 a3 Jalain 0 o (ym oy et ) 2L (0 Y]

‘Browser c..\’mld\ aladiuly CSV Gldla Juaad

ool (8 Gane LS 5 bl mieaia ) el Cadon cliball 4a 51 8 Browser L) e L)

Directory Navigator
File ;
Sﬂlffﬁﬂﬂ m Browse fon data set 1 Bfﬁ“’ﬁ-ﬁ‘f

7 o \ Dusplay

/' [eacom.cav B\ EE _—
BACO0Z.C5Y | = rosw [
ey = delohi code i
BACIOS. 54 == LINEFIT
BALI0E. L5 AL
BACO07.C5W
BACO0E. 5w
BACO0S. C5Y
BACI10.CSY
BACOT.C5W

\ BACI2.C5Y . /
MACOT. O _ﬂ — e ag

(15 o T

_ | DataFilee [ 2] = | \__ & Teil © Giah
File === —-
Filter _ _
Drive Navigator
LIST DISPFIAY AREA
f""-'-'_._ _-_‘-‘--H"-\.
Mew List ... || oo let, | X Cancel | i Load I
e ______,.'
Control Buttons =~

File Gsvia e lal jlEdl s CSV <l syl = 5#1 Navigation Tools _sdl
graph sl text JS& (e dua e 585 UL elilia dua g e Clild) (4S5 Eua Selection
Al I cali 5 Joad e darai el 2t Laxie 5 browser display ¢ JLY) ol

Al

feieaial) Aaild aladiody cilibyl) Jpans

(e ULl a ymy oo 138 g List File (*.1st) s file filter o< &5 Browser e baal
JSE e a my Cogu lalall e aal g a0 g Jau) 8 2 gall (3 gauall L [ist file 4@
olial JSAI 3 e LSy Bt Jl) Canun 5 i 5) Talada
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m Browse for data set 1 !E]m
CAPDGW' MicroFit Examples\DATANORGADZ CSY
= C\ ORGAD3 CSY
orgh st (= POGW 9 F=—-—ct------ro----- SR Ep e |
orgC. kst (& MicioFit Examples 5 SN ' |
-} )
1 T - R S (RS :
5 Lo f
4 . }
ke SRS 4|
0 10 20 30 40 50
—View as ...
fList Files (*Ist) Hi=c =] C Test & Graph
Filename lTenpetatue ]NaCI llniliaIpH ]Dale ]Expetimenlu ISystem ] -
ORGADT 20 05 4 1570241999 Michael Immobilised =
ORGAD2 20 05 5 12/02/1933 Andrew Immobilised
ORGAD3 | 13/02/1993 | Andrew Immobilised
ORGAD4 20 05 7 04/05/1939 Shelia Suiface
ORGADS 20 05 7 02/05/1999 Shelia Broth
ORGAOE 20 05 6 2770471999 Shelia Brath
ORGAD7 20 05 7 12/07/1998 Maria Broth
ORGADE 20 05 5 30/06/1938 Michael Broth
ORGADS 20 05 5 01/05/1999 Shelia Broth
ORGATT 20 05 4 17/02/1933 Michael Immobilised
Lnla Tl Kol N Nne c AC A MAON00 M. e U —'J
NewList... | Addtoist. | X Cancel |[ o Losd

Fitting Growth Models gaill <daa ga (gias

Aalu g elld A dleaddl <ULl Baranyi Growth model (&)ob sad dadge Adlas (i jal
ALaEiS 138 a2 5 ey salll Claal g 008 daxy Coses 13 5 it model L) e il
28l 33 ga gl Jalaall a8 () | noN-linear least squares search aladiuly Jaleall jaasl dolay
el Lale aaie ] il ciliboad) Jaaldi s 4 sunall aill Liag) 5 Jalaall 2 Sle G gl Uaal)
(SIS (A

Baranyi Growth Model (Sbb s J1d ga

::\:ﬂ\ﬂ\ 2\4_),.4]1_1 LLAY\ @ C)la d:m}d\ Jaa
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1 e f== g
N ETT
aumax l+q0

sy LAY dlae) o3 e ol

fie ] gha=d _ ]
A iy 1
In(10) In(10) i lo(y“—ym

¥ Yo

Qo 5 (chl\ galll d.\u) max (g_‘atg_'d\j ‘;Jj‘i\ LA N2y Yiax , Vo o o gall el )
O Al Sy Caglla ¢ shals (e ) S) o) L (WA AT 0Y) A o) gaaadl) Al Sy Jalaall 120)

Y Aalad
|
ln( 1+ —J
9o

H

rlag =

el ciladUacal b Al guia s e Jan T gl o slaliill (e = aral i salll Alalas
ot Abeall Banl) Al (6 U i e ) Aiadl) a3 5 56 Lim) it (€15 S0 4 1L
;‘;215

M Y

- -
In(10) In(10)

\J — "!o

= - t= -
2 =H,,,r+h1[e ot _ g Hn*Tiee) | o ”"'"‘]

¥ = 1014+ 1000 em) (He(11e) _ gt )
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Cilay yall & sana i i 2] tiag 5 Mmax 3 Ymax , Yo o = Ganall ddalis 5 5 j3ia iDlalaall
Al Aslaal) (e adde J gasl) oy (3 (RSS) (il

2

RSS = zn:[y(t, 3 Y05 pax i Pinan 5 Llig ) = 3':]

i=1

non-linear serch (a3l &adl 5la3Y Rosenbrock’s Hillclimber aaiiug zali ull 13a
Uadly jpa8s

o

;s WS (J) Jacobian 4 sias Adalis g0 BN Uadll s

, RSS
o

- degrees of freedom
S

A alaall 8 Undldl ol 5085 e 48 ghiaall 038 (o AlLl) jualiall
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Statistical Significance Testing (suaay) 4 gizal) L)

(»+p—Pu)

nyany w
Z(}‘: = },’; )2
i=1

("l s nl ) pu)

Dalsall pL aladind 5 MY ¢ Jiosal) deidhad Fadioaall bl Ll (ga 5V e ganall Jiciing
P2 Aladiul 5 M2 ¢ S Jaasall Aidlal dardieal) cililall Ll (pe A de sanall Jixin2
Gy L Al O gl 2 5 1 Ao ganall Glily daiDlal Crandin) Alstedl LA sall | Jal 2l
separated model , Lgle Bl 54 g Laadiual 33 sall 8 4 (s WIS p2 5pl 5 Jalse

Pu delse e s 5in MU 58 2 g0 Ji3 50 (G g lat QUL S Mg

(e F dad dalu g it 05K O (Sans (s5i2e 058 MU s Mg @3basall (e a3lia) ¢
.av\.c\ Aalall

M Aand 52 Ll Ll Sl Lalal j-h J3ad saeys
MU sl 52 UL L6 Sl alal joh J i ga oyt
Jd-h Sl 4dass gay;

Jshall b 0 sS5 AIEaY) ads 0.05 G JB1 F dad Lotic & yina cidlasall cp ClBERY) (5
o3 5 Al &y ) a3 (N14N2-pU) 5 ) &pos s ,S (P14P2-PU) aladinly 4basy)
oY pdil) 8 eyl Lle aaie] a8l
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B IFR MicroFit [wer 1.0]

File Data Moce Fitig  Graph  Help

—[rata Set 1

Filename ORGAN3 i’
Tempearabre |20
HaCl ns
Iritizl pH E
Date 134021399 =
—Parameter E stimat

Ma 204 + 013
Mmax 07 +'- 007
mLMma% 054 +- 00z
tag 457 +-  0.83

td 1.28 +~  0.03
R55 0El BHS 017
Time | Counts | = R

a1 | 4|

2 317 il
4 306
G 245
G 393
10 {1E2
14 5.21 [~ Data
16 o858 v Fodel
1d E1a
N a7 ;I I_ ﬂsyn'plctas
D ata Selechion Contiol

o Full 7 Partial T Zarsarn
A1 Uszs all of 22 pants

—Rafersnce Model Tl
NO |z00 jpoo 4 [ _+|[s00
Mmax  |2.00 CITEREY | |j10.00
muma 1,00 joonj=f o ia |Gk
blag |EI]III |I1IIII:I [l' ﬂ|‘|I].EIEI
td .53 F Eﬁpﬁ; M asimuim Time W

—Unifiad M odal
EE i Setd
amEar=) | [:-pcil'l II_-:;I &
I Oieplep Hodel | Hinae
|- TS
Femr il o
k]

s sall dallas 535 Adlaiall Ll we Ayge 5%e Jalge & U (30t b Al a8l
S bl Cale 8 JLa¥) Jsaall 5 ga sl Clas gl it 4 oDle) anll 3 Chlas gl
gaill Jana g Loy cale Ll ) S Cieladdl g ¢ ghalidll (e 3 <ol pads dvie cle Ll (ulia (e 30
(logocfu/ml) Llas s Nmax s NO s Ll hrt adlas 5 ) i

76

Estimated parameters: 4ieiall Jal gl

logrocfu/ml (A ¥ 4,08 LIIAD 485 N,

logrocfu/ml (Aledll 4y aiSall LAY 446S Ny

lball (e 3l Cilas 5 o slia allan 5 (Y1 e gl saill Jaes ;MU max

Cieladl o 3 st-d
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25 i sall s ULl (o DAY Cilay e & sanae (o8 5 Gl jall £ senal 4l Al 1RSS
aasall dalse A Uadldl Gl 8 cieadiiad o 5 bl oo sl Adla 3350 e il

28 e (S DA (ya g il g B gall G0 COURY) Jane Jiay 8 5. Uadll w30 Jaee 53s :RMS
. loggecfu/ml alas 5 5 SUL o gall AaiDe (520

Data Selection Control <) JLid) 3 asadl)

it s 8 Bgmga e Al ol g a sl s Sl salll il 6 Lo sug) Al sali a3
O g skl 138 Aaadall dal gl 5l (s it dlaal) 3 Jsadie ye bsagd) jsha Ol SLb
Data alaaiuly LDl (pe 8lTwe (585 o)) Sy saill Judls Aled 2ie Sl maal g o5 5S0
O s Sl au,ll e jedans 48LEl 135 U Partial e bacai laxie Selection Controls
Blifine () S (el e ol Lal Jal sall (paa 8 Hadiiune () S pigal) Sl e cililll JS
Jkial | bl sl e 3 kgl (8 eV 5 gl agad) e badiall vie ol jae 05 el
e G sasll (Sayy Msie I8 L gas (5 Fit Model baie daleall ) Jasy @il
Check (e caniall JLEAY! Al 5 RELAN 30 Jlelal ) £is) (Say FUll e Jaiaaly il
Vi A gl Ly fitting A8Uadll Gea Aaly ddads by M el Adladl sl box
Al (e Ll

] — | 1

D ata Selection Contral

" Full & Partiat v Cursar

1 I Fl Uze 26 of 30  ponts

The Graphical Display (Jashadil) ga al)
e Jady Jiaall 5 o iall da sall g UL LS5 (yia jal addius 5 A I AELED S je (8 jedats

bl e g Lsn dead g al) il

Display Selection gasdl jia)

Gy de gane JSN s 60 check boxes Jo& (e @lld oy Jlall sl e jeday 13 HLasl o
Jil 5 Ao datic b shad 1 2y Asymptotes i b s model 5 data & @lia &3
e adiuall bl (e g pall Llgill 4l s o 53 gl Jara (ol Jadl) Jiag Liayl 5 Jad gall a8
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b ghad 5 Gniall o e pSaill sae Gulia e s 5 reference model of . skl ddass
Al

sam aSaillsae ) )3 e (g sing 5 4 gimall HLEAY Jeaiun unified model 2 sall di sl
. il

Graph Legend (~bad) aw ) 7Uida

Liie e 5l daiie Laall g 53 e pus U geslio it (o5 (Al s ) Slysine (d 2305 2
show & graph o eeléal o) o jledal (Sany ) ge )l Al Gl g 4y Gald sl 2l g JSI ot
) il o Gaslally Baaall DA Go a5 Sy (AU JSAIL (e LS5 legend
(gl oLty jdisall Con 53 jaluse B ) gy
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S 1 T d & lﬁj
al P o || & Uszed

: : | & Unusedt
- O S S o] b o | = Modelt

! ' | |- - Asymptote 1
6 i i
Sp-oe S e
oA AN

10 20 30 40

The Reference Model yiaal) 73 sal

ity wia gl e 2ae Al juaall 23 gad

zsai O show reference e bacall die | Sb )b Aalas o gla CaliSin) (Say abA (0 -]
o sall Jal sry aSaill Sy 8l jaall S0V ey (Sl anll o zmdl O edas Haadll
ad mad aal oAl el Y A Jeasd Al Gl il cuatin sl (z3gadll)
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1 Reference Model B
NO (300 (000 |4 [ +|[e.00
Nmax  [8.00 [6oo |« B 1000
mumax [1.00 (000 | 4 +||5.00
tag  |5.00 [0.00 |4 B (1000
. N A —

0.63 ™ Asyrplotes b axirum Time |25.00

H Change Reference Model Parameters

5

R eference kModel

Minirmum b aximunm

MO 3.00 0.00 E.00

Current

Mrnax 2.00 .00 10.00
=r 1.00 Q.00 R.0o
Hag 5.00 0.on 10.00
b awirmunn Time W
x Cancel ¢ Ok,

Jalse J8y Cagu 1385 parameter values e haaal bl de gandd a3 el e
Masll sl /4 die 3 5aall aa s s model reference ) aidkall 73 saill
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Data Get1— — - Reference Madel

Filename ORGAD3 f:l NO  [304 plE N @ EEE

Temperature |20

o T Nmax [3.07 {900 4] [ | »|[a14

Initial pH 3 mumas |0.54 el BN EEE

Date 1302138 Tl vag 55 [Ed [« ]  »JEm
~Parameter E stimates [ Show Ref

NO 304 4k 013 td  1.28 . Masimum Time [50.00

Nma: 907+~ 007 L ifemmiaes

MUM&x 0.54 +- 002

t-lag 457 +/- 093 , X

td 128+~ 003 < Click here to transfer

RSS 061 RMS 017 parameters to reference model

comparing two data sets <lbibal) s gana 43 j\Ba

(i saa sy OV s Sl galave 0 Ailiaa¥) 45 )8l unified model 4a ) padins
Jrany o g8 Aol 3 (ytie genall G Calital) salll inie meadle sl Ay il Ll (g

data alaaiul 5l full data sets daw s Leie JSI Adilaall 7 Mg de gana JS (8 CULA

Sl an N5 full data sets Lieasind Alall 238 85 4Ll (e Llal) 411 3 selection control
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DA & 5 U g las Aglite oy jaill gail) YA o Al ada ol oBle ) sl (e JaaSly
1oLial JS) 8 A g Jal sal) (5 simall CEDBRY)

. EEE
File Data Model Fitting Graph Help
~Data Set 1 i [ Data Set 2
Filename ORGEE? - Filename =
TempiC] M j Temp(C] 20
MalCl[%] 05 M aCll%] 05
Init.pH B Init.pH E
Date /041998 =) Date 1o/ =l
—Parameter E stimate -~ Parameter Estimate
MO 366+~ 003 NG 293+~ 033
M rris oqz + 008 ||| Mmax 9.39 +- 022
P 01z +- 0 i R 010 +- 0.0
t-lag GEO0 +- 422 t-lag 2319+~ 1077
t-d 571+~ 004 t-d A
RSS 045  RMS 01E R55 113  RMS 030
i - Time  [Count | &
LIS g;:ht Browse . | 04 Erawee. |
1a aco i i T o ’

doubling 50.10 50.12 s (e saxall B o il saill aie Jane Ladi et JSl) (s
DY) eloal zleall 58l o sSiu unified model 45l o . 6.64 5 5.73 s times
hasy!

e brally @y 4 adl fals Mumax L) e bl | salll Jaray Gl JS Al o
(baa¥) sl ae unified model 4 Aiedall (ol sl jedas el 5l s compare

~Unified Model

Test for... Setl Set 2
[~ NO 365 303
[T Nmax 897 936
W mumax | 011 011

F-Statistic 1.84 I_ I:-Iag 90.16 26.32
NOT Significant (p=0.187) t-d | £.35 B.35

7 Explain

[v Display Model
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4 )lia(6.35 cacbiaall e 3ll) 0.11 4 saill Jaa unified model 2 gall z3 saill JEall 128 &
s 4l ade baall vie g iy Explain L. z3sedll Jleaiad s A1 0.10 50.12 mdll as
Aliaie diliaa) Alia y Slan V) HLasSU | s

aa¥l uaill Helay Explain ¢ <lld amy s 4l Jhaa¥l LY el jal s dale (5) aaad (Say g
1 sina (998 Led o yeda (il g Ay gima (35 8 g jedai ol Al ALY b LeS JalSile (a3 JS5 e

~Unified Model
prTE—— " Test for... Set 1 Set 2
: Compare § 7 Ewxplain
~ d_2 " oo 365 302
p DiSD'ﬂ_‘J Maodel IF Mrmas 913 913
V mumaz | 011 0.1
F-Statishc 3.31 ™ tlag 91 13 26 04
NOT Significant [p=0.053) t-d 6.30 k.30
mWhal the statistics mean !Eml
Statistics for Significance Testing zl

For the two sets of data you have loaded, you have compared two models.
The first model, which we can call the 'Separated’ model, has 8 parameters,
Le. values of NO, Nmayx, mumay (td), and t-lag for each of the two data sets.
These values are shown in the box labelled 'Parameter E stimates’ above each
data set.

The second model, which we call the 'Unified’ model, has only 5 parameters.
Each data set has its own value for NO, but they share common values for
Nmax, mumax, Hag.

The statistical test determines whether there is a significant improvement
in the fit to the data sets by using the ‘Separated Model' rather than the
simpler (Le. with fewer parameters) 'Unified Model'

The F-statistic is calculated to be 37.45, which - for the number of data points
and model parameters chosen - coresponds to a probability, p = 1.385E-3

IJsing the generally accepted 95% significance [i.e. p<0.05), this shows that
there is a significant improvement to the fit by using the more complex
Separated Model
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CSay Al 33Ul jelain laaay s new list LB &5 brows o« ) new list file sl Data ¢«
number of descriptors L Cila sV (e 220 JlA

i Create New List file Ed

Murmber of Descriptors |5

Deszcriptor 1 Filename

Descriptor & forganism

Descriptar 3 | Temperature

Descriptor 4 | pH

Deszcriptor &

Cancel | Sawve ... |

e Lot 4 cilea oY) A dae o AV B LAY (e Y Lia g file name st calbia ) (uiSi
Cilia 5l Ao LA Dliad Cilia s¥) a2e 42 Hlall Alad) & Sy Cus number of descriptors

organism , temperature , Ph, ,acetic acid(%) , product, droplet size(um)s

Sle bl & Jul) KA edas iyl ) Lol xie s NaCl(%), sorbic acid (ppm)

 lis Aia) e Jadas Le3ld save

85



By ¥ da i @ gy gunlall sylagg bl @l glasy szl s
Mi Create New List file
Mumber of Descrptors I 9
Descriptor 1 |Filename
Descrptor 2 | Organism
DESCIRINSNE TEMPEIAMUIE e
Descriptor 4 |pH
Descrptor 5 |MaCl [*)
Descriptor & | Sorbic acid (ppm)
Descriptor ¥ |Acetic acid [%]
Descrptor 8 | Product
Dezscriptor 3 | Droplet size (um)
Cancel Save ...
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Ej Create new Data File Ed I

File
Header 1 Header 2 Uriitled
|T|rne | Count
Tirme Court ﬂ
=
30
o
0
_I Time
w
Mo, Paintz: 0 Clear | Save... Load .. e e lie ) Mjse Cancel | “

s Gl ol o s aa time , count Jis Headerl , Header2 <ss Glall é elewl JA0) a4
Jiaal Jlasaije s 65 count J il @) Wle clilgl) (i€E e asasall Jsaal)
Sl JSal 5 CSV el e @lld day ¢ 3AN dilans a5 &5 cpall e 3l an )l &y il

HERBOO1 ax) s i & ll 5 el yall A LA 23 il Slld) ea g
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M sauce99.lst
Filename herb001
Organism argC
Temperature 22
pH E.6B
MaCl [%] 0.z
Sorbic acid (ppm) 200
Acetic Acid %) 15
Product Onion and Herb
Droplet size [um) 5.9
X Cancel | W OK
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Ej Create new Data File E3 I

File
Headet 1 Headet 2 Urtitled
[Time (hv) | |cfusmi T T e e RO RSP s BENCEE FEN
: : ! L8 o |
Time (h) | cfu/ml - f : 5 B
0 315 + ‘ 5 ‘
2 33 !
4 35 i
5 42 8 :
£
6 5 2
o
8 6.2 gl A B | (WSS W W S
10 7.5
1 79 : : . . :
g I : : . :
12 8.1 T
14 8.15 : ‘ ! ' : .
15 8.1 L $ »
[ 6o 2 4 6 8 10 12 14
;‘ Time (hr)

Na. Points: 11 Clear I !

Losd .| AddtoList...I Cancel | ||

Adding data to a list file —ile 4aid ) clily dila)

Janaliill 3L 0K e bl o5 Jgaall o las o5 add 10 list e daseal) (S Al il
: S IS 8 LS 5 e 2l )
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M sauce99.1st
Filename herb001
Organism orgC
Temperature 22
pH E.6
MaCl [%] 0.2
Sorbic acid (ppm) 200
Acetic Acid [%] 1.5
Product Onion and Herb
Droplet size [um) 5.9
X Cancel | W OK

WS load & list file Jkis) &5 Browse (e baall ¢lld g calal) 138 Jlarinl & 5 Ladie

- Sl g
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M Browse for data set 1 EEIE
CAPDGW\Mictofi Examples\DATA\herb00T.CSV
orgd, Ist = CA\ herb001 CSY
0'93»:8: = PDGW 8 ; SE R
L.:e'a,n.r. (£ MicroFit Examples 7§ ¢ [
8 ]
5 .
: ?
0 é 10 15
“View as ...
ILisl Files (% Ist) ZI (= = " Text « Graph

New List ... l AddtoLisl...l X Cancel |  Load

LAY o ol g Slel Growth predictor gl -3

Lainy Ll )l Jilesll Gaob oo Liby Ciay 3l alall 58 4 el clad) ale & Ll
il e 3 i5all Jal g2l (A3, al da o 5 pH Jie el Caglall 4y jeall i<l
il Jie sl Lo 555 Ll Aul) iy Il (e 48 e Al (b el 1l Y Sl okl (S
sl pad Al AL ge o) Leile 48 jre Sy s W e 5 gl

G e oSad o LA (e (S il @ oy A1l cilatad) yplat 8 Ll diaa) (eSS
A el sla¥) Sl & jead sla¥l pai dullsial cass gz sitdll i it L3 el e300
o a3 ) A sl i) g5 ans zsiial a3l yaad) it S 30 il A
(tel) el (o oSl el HLaaY oy Gl 55l 8 Sl a5 613210
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Alaaall Jal pal 20158 Gy pganll ela¥) Alaind) (i3 sal) £ 3adl (A gana 35 3 el 13
¢ dA\jc :Lu_)\ Cpausatl CJLA-\S\ Ul g ‘;jbd\ L\.ﬁd\j ‘51.4;*5‘).33\.@\ u.uY\_g "E_)\JAJ\ Z\;JJ Jia e
. acetic acid <Al padls o ¢ g S aS o) J5l 318 5 g aal I Jaladl

setup exe. e zsaial il & GP setup Leawd (Al &35SV &8 A e zelisll caaly
Zgjm\ Jad) ‘_g LS GAU),\S\ a4 &) L51;: GJJJ'AS\ il Al G“U)-.J\ Lol g

Predictor.ex :G.“‘-Uéﬂ ‘ﬂuJSA

rolia) JCA 8 el Y LA g gmalipl Joii N -dalidY) ASL)

Growth Predictor

GT’OWtﬁ Predictor version 1.01

By clicking on the "Accept" button, you agree with the o
following:

All ights of ownership in Copyright and other Intellectual
Property Rights in Growth Predictor and the program
documentation shall at all times remain vested in the
Food Standards Agency and the Institute of Food
Research and no such rights have been or will be
transferred to you.

The Food Standards Agency and Institute of Food
Research have taken due care in the design of the —
models, their validation and implementation in the

software. However, you acknowledge that your use or

m

rooD
STANDARDS
AGENCY

application of Growth Predictor is beyond the control of The models in Growth Predictor are
H H § H 3 P based on the same data as the
elthe_r I:_)od}r. The |mplemen’rat|_0n of mlc_roblologlcal orevious UK predictive madelling
predictions from Growth Predictor requires expert software, Food MicroModel. E
. - . . Howewver, the models have baen
interpretation and you are responsible for ensuring that improved and contain new features. |

A similar predictive package,
Pathogen Modeling Program, based

on data generated under the

funding of the Agricultural

Research Service of the USDA, can

be downloaded from -

oo Gl Jial o Cua Jull JSAI 8 LS i pall 3380 el Accept e Jaral Gl aay
L0 Gz sl Leads o sially 8yl o e i slaall By pnall sLaWl Al iy )

Aw Sl Ll s NaCl% glell A s 14 — 0 (0 4 7 5) 58 i 5 oalel) (Y15 5 5% 150
logiocells ML las 5 4 jeaall cbiaBU V1 2l 35l 515 COp dasis 1 — 0 (e 4 7 5) T
1 -0 ozl s A senall eladl doa )5 58l Al Jiay (3 @y 4 e Phys. State 5*
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] 4ied CulS 135 250na e Shalill ey G () Lgiad CilS 138 sl Jaus sl LAY Dl Jiay
Jiciy Obs. Time (h)s lag=-log(ap)/rate (re cawny shiall s shld (s Yis oy galll ol
5000 — 0 (e 4ad 7 5 55 Ao Lually o sllaall e 3N
A peaal) cla¥l el il e (g ging aga 4 Jilatiie 2o g0 ASLAN (e (g slal) Coatiall A g

S any JSE e il R0 g sl s output panels Sla Al dlad e g g3a3 LS
oSl 5 acbudll s predict sl )y AL Gaay il (8 305 gl Cilaglaall dagls Jglaas

commence z s Al

é@ Growth Predictor

%

Predict

conc.(log cells/qg)

3.00
3.07
N
378
439
505
5
6.358
7.03
71.63

(=@ =]

venc. {lugcell' )

Prediction

Model
region
Temp (C

10
30

fmin

max

CO2(%) max 100

nH A
45 0.961
7 1

Growth model: Baramy, J. and Robeds, T A,
(1994): A dynamic approach to predicling
hacterial growth infood.  Intemational Journal

(4

-

Generating a prediction gk sl dabu gs 5aiil) ¢ ja

A5 A Heall ebadl 3kl (e 48 e (5 giny 52l select @ model Jikiwal e
: AUl Jsall 8 LS Escherichia coli with CO;
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| L iST8ri3 ooy Togenasiniocus will? YR
LE5Tama monocyToganasiioca willt rilme nomy
LiSTana monocsTogenas o witly 3ohogooml |
LE5Temq monocyiogenasinea willt SCeicm | =
SIS BIOCO00NS LSS 4
SEincnalae with L0

sEinonaliRe with alilednont -

e ¢yw intial loge 5 Obs. Times Phys. State s CO2 lacle de jall J siall S
10° 51 3 el intial loge ¢s PREDICT _le Ll aey Lilahi g€y mealipall Cua

e Aalall 1) cells/m

cae bl (s (log cell/ml)/h .o max. Growth rate oad¥) saill Jaas Clasg

g oY) shll 8 A0S dde Liaal Cagllaall (a3l a5 doubling time

doubling time=log(2)/growth rate

) Al el Bl 350al) zla all il 13

Growth Predictor

Mo prediction iz available for thiz combination of ervironmental factors.
k. Help |

Aaaia Bygeay Lkl J23) A3 0K Lkl

G \ s‘at
Ca

Al Al jedas aas (greaall ) AN IS 1Ny predict e Jaxcall aay
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Growth Predictor

To calculate lag, a typical phyziological state iz assumed.

] Help |

e Sl s g JSAN pﬁﬂw“zoom‘;\s.w'\a@g;m\d&ﬂ\@@\ﬂ\ ,@L.\'“ok‘_;slam"\ei
: eXit il ali ) (e gz g A (sl

%] Growth Predictor E@@

Prediction
10
T B
05 ose7ll| 3
= 4]
2
8 2
53

- 0 10.6 212 318 424 53

time (h)

Growth model: Baramyi, J. and Roberts, T A, =
I1994): A dynamic approach to predicting [l
hacterial growth in food.  Intemational Journal

-

&

Zoom Out

e o) Ol goeme o> IS JSI (5 a5 Liall aasos el gl aca gy U Jsaal)
> S dSefd @l dalall e dad 8 s . AWEL 52 5 e (o IS S Al Ll
peraa gl g (g gae (mdla sl nitrite, COp Wl i @l ) daladl ()15 .0 (o2 5 e
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A gl eladl Rl cagphall o] Jsas

Model

Aeromonas hydrophila

Bacillus cereus with CO2(%)
Bacillus licheniformis

Bacillus subtilis

Clostridium botulinum (non-prot.)
Clostridium botulinum (prot.)
Clostridium perringens
Escherichia cofi with CO2(%)

Listeria monocytogenes/innocua
with CO2(%)

Listeria monocytogenes/innocua
with nitrite(ppm)

Listeria monocytogenes/innocua
with lactic(ppm)

Listeria monocytogenes/innocua
with acetic(ppm)

Staphylococcus aureus
salmonellae with CO2(%)

salmonellae with nitrite(ppm)

Yersinia enterocolitica with CO2(%)

Yersinia enterocolitica with
lactic{(ppm)

Brochothnix thermosphacta

96

Tempmn Tempmax PHmin

2

7.5

E 8 &8 8 &

8

46

49

4

43

5.1

4.7

5

4.5

4.4

44

4.4

4.4

43

3.9

3.9

4.4

4.4

5.5

PHmax
7.5

7.4
7.6
7.8
7.5

7.2

7.5

7.5

7.5

7.5

71

7.4
7.4

71

71

AWmin

0.974
0.94
0.907
0.933
0.974
0.954
0.971

0.961

0.924

0.924

0.924

0.924

0.207

0.973
0.973

0.957

0.957

0.95

ef4nnx

0

60

100

100

200

20000

10000

100
200

80

10000
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u.udt.u.“ M‘
s ) Ja sl apand gall

FireCADGFB _uials FireCADAIITrial 45y Ao = 50 jall aiially zals pll capals o4
Lolali el pull sl o Leale 830 5 jaas g trail exe.

& s s WS FireCAD - input form 4eu) S s m e by el pall Jaads die

slial J<l)
[ FireCAD - Inpue Form E=EIE]E]
File  Add Fuel - Config Run  Melp
DsSUSYO e
-Grate - .
Unss MKS HeatRecovery [Economiser ". Type T
Steam Type CTUAL ~ Econ Type IBare Tube =~
Steam Capacity D Econ FvGil ad Fumace
Finvom vetas
Stm Presswe(g) 0 ] ot — Type Nose -
T e Heght  [o Reot OD [9 |
Al ':p ;J T o TubeOD | WalType  [Space |
&erin | —
bbb ] Densty |D UntArea | |
BackEndTemp @ \ ¢ ~SuperHesater
AmbentTemp 0 ] BlowDown(®) []  FGR(%) o | Typa [Single Stage - Caunter  ~|
Fuel oad v Maisturelnir D |Caviy Belore S Depth 0
r Fuel Composition - Liquid’Sold , @ Cavty After SH Depth [0 g
[ Caviy Inside SH Depth |0
Carbon 0 Sulphur 0 Rad Loss 0
Hydrogen D Moisture 0 UnBurntloss [0 ~Boder Bank
Nitrogen [o | Ash m UnAccounted [y Type WaterTube -
Oxygen o] Exar P Flow Type  [CrossFlow -
GasPasses  [One .
0] FuetSensbleHeal [0 OFemdes  Thk |0
Gross CalVake  [DATABASE ]
Project 0] ] Designed By D DeSuperHeater -
Tenp e 0|
I AutoDesign I | I Preview Images | L]
+Unds - MKS 1 -
[For Help, Press CtrisH [180872011 [0354, 4
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50000 kg/hr Jie da el jlan a8 (Say e 50 Steam Capacity-2

.80 kg/cm? Jie b sl Jawall Jiay 50 Steam Pressure-3

450 °C Jie gaesall jladl s ) s 4 j0 Jiad : Steam Temperature-4

J105°C e Hlsall ) Jalall eWall 350 s da 3 WaterInTemp-5

170 °C e Lbsall (e z il Jll s ) s 4s )3 Backend Temperature-6

30°C e sall sl a 4a )3 AmbientTemp-7

il gl e s sl dliay: Fuel-8

. Economiser/AirHeater jial liSey Sia aranaill clillaia e aaiey 5: HeatRecovery-9
Bare/Fin/Gilled 2te cas0¥1 & 53 jLia) casy Economiser Jkisl o Wl Econ Type-10
- fin/gill b Jsiy Jlial : Econ Fin/Gilled-11

300 4w 33 53 9 3 g8dall eLall 4 gall 4l : BlowDown(%)-12

DB a da y e 3 jhaidl ) NOX (e 8 hawll sa 5 Jll jsxisale): FGR(%)-13
209 s el

bbidl e lgle Jpaall ol g A 4y gha S i g o) 5¢l) & 4 5k )li: MoisturelnAir-14
. 0.0132 kg water/kgair Jalz; 138 5 60% 4l 3ale 5 (5 yia g Silull

Dbis) Lay) oSy g 482 S) 088 Al 5 database Jbis) Wala oh 5 : Gross calorific value-15
.database _ia) Jibull o585l el aliall 5 (5 5lall 26851 233 s 5 calculated

& s sall sl Led JAN3 5 : Project-16

o Alladloda 8 ST W it (S5 2685 S sSa: Fuel composition and other fields-17
Al Ly el ) 8 O iS55 AN (e SUe 2 G GCV i O

. add fuel Aald (pe cillud) 3ac @ I das 2 68 5 A8l Gli€ar- 18

¢ coal aadll Jia e ala)ll e ol sina 2581l ()5S Laaie b ol Grate type Ul : Grate-19
cuiall s Bagasse Jie (addia el (e ol sina (53l a6 5ll 5 Jimda 98 Travelling Grate s
4 spall ALSH 3 68 5 5. woOd

super heater 4aessall slaaall case yilull IS 13 screen JUa) : Furnace Type-20
.nose type g sl e oAl OIS 13V nose LAl
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No s Space Tubes, Membrane, Tangent 0S5 o) oSar oAl s Wall Type-21
OV sl 5 JSy aasise Membrane g sill ¢ s Lee laal 5 JUsS o) (5 s clle L s tubes at all
b sl aas

1 o» gl 38 e sa 5 SuperHeater Type-22

Dl ol ) paSlaiall sl (53 g sl (e Blesall (S5 5 Siingle Stage Counter Flow-1
O slanall (sl (I il e LA (msa el Jead (i1 JS all (uSe olaily 5
. super heater sleaall 4¢3 2ic j¢ae Desuper Heater/Attemperator

) s ISl 6 b os oS s Alternative Counter/Parallel-2

OsS Ladie & 6l 1 Jeaion - TWo Stage Primary - Counter Secondary- Parallel-3
primary super (Js¥) s jall cand Gils jay jay JASl 5 450 °C (e et Jaall 3l s da o
. secondary super heater 48l 5 heater

S5 gadl) ee S 1) ppenaill 8 jlie W) Hlah A5 ) sy adidl <l sadll o ¢ Cavities-23
Blesall 3 i sadll Bee Ja) % o g g e Hla5 A o) sy 1368 200 mm e

J) a5 )A Ja e asenal i g Water tube ¢ 55 (w33 S50 BoilerBank Type-24
. fire tube boiler »233. 15000 kg/hr ¢«

long flow ! cross flow type ehliie S oboall oS5 BoilerBank Flow Type-25
BomSl o) el (8wl g I8 aadis J Y1 & 6l 5 type

oY Al ol sl all A G llaall b gl JA0) : DesuperHeater Temp Range-26
A Gl Bleaall Ay o) 8 laiall 13¢3 3 yae (5 585 gz A

C bl ) Jilud) o gl lspdail o3 5 ¢ Fuel Sensible Heat-27
paall sl 48 ISy - Designed By-28
A Ja yall d 0¥ areatll Jaay 301 138 ol AutoDesign-29

Bagasse fired g &l (i J> sl 5480 °C/6bar / 50000kg/hr ez (s s da e pana; JGia
Economizer and air g« fesas da ghaiall y 150°C duiledl) 5 )) all 4 3 water tube boiler
. heater

. start menu ¢ ) FireCAD 4 Sl e Jazaal *

A £l S INPUT FORM (8

« Units: MKS
« Steam Capacity : 50000 Kg/hr

929
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« Steam Pressure : 65 bar

. Steam Temperature : 480 degC.

« WaterInTemp : 105 degC

. BackendTemperature : 150 degC.
« AmbientTemp : 30 degC

fuel 438 (4« bagasse LUl : Fuel*

.Economizer and air heater Jial : HeatRecovery*
.BARE TUBE _utal: Econ Type*

AukiY Econ Fin/Gilled*

.3 BlowDown(%)*

0 FGR(%)*

.0.0132 : MoisturelnAir*

DL Lay) Sy 480 I 55 Al 5 database JLia) Wala o4 5 0 Gross calorific value*
.database i) Jibudl 2 68 5ll Lal alall 5 (o yiall 2 68 41 2330 54 5 calculated

£ sl aul 201 Project®

o Al ada 8 ST W it (Say 5 2685l U S Fuel composition and other fields *
Al Lminy eali ) (L () iS5 3 A (e Kl e i€ 13 5 GCV e

.Dumping Grate Jtsl Grate*

.Nose Type Ll Furnace Type*

.Membrane _usl: Wall Type*

Two Stage Primary - Counter Secondary- Parallel Jbs) SuperHeater Type*
Nose Type furnaces (s* 25> £ 13 5 Cavity Before SuperHeater*

s8N g IV B s ge A ale JSG g Blesall JAla B gadll (asidl: Cavity Inside SH*
.water tube ¢ s (= 33le 52 5 : BoilerBank Type*

.cross flow _ual: BoilerBank Flow Type*

Ss¥ OB Gl 3,0 all A G gllaall Ja el J2o) - DesuperHeater Temp Range*

A Gl Bleaall Ay o) 8 laiall 13¢3 2 yae (5 585 g A
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o) s Jiladl o gall ladail 38 5 ¢ Fuel Sensible Heat*
.osdigall anl IS - Designed By*

OB da sall V) aranaill dlilaad 5 - AutoDesign*
LISTVIEW & Output Design Form & ek il (adle *

axlaxiy 5 SwastikGas50TPH Jis s aul calall Jael g save e harally y jaill Jaday o8
& dat,.rep,.txt Jis Jlxial g

A JISEY) b A ge il 5 Aeliba o Taially il Gelida dliSay g

[ FireCAD « Grate Fred Sciler - Outget Foem - boler [=&@2
file AddFuel Pont Config  flun Help
Nsds @O v€Q
Home | Fumace | SuperteaterScreen | SuperHeater | BolerBari Screen | BoilerBark | Economiser | Arteater | MechDesign |
rem | Fumace | SHSer., | Pamar . | Second. | BBScr | BoverBa. | Econom | Aubieater | L T
Tube Qusi..  Gas Gas Gas Gas Gas Gas Gas Ar Steam Capacity f_QOOO_
Tube Inside., Water/.. Waterl. Steam  Steam Water/. Waten'S. Water Gas Stm Pressure{g) 65
Gas nlet T... . 0 721 848.9 649.1 616.2 384.9 2442 Excess Air 30
GasOutlet..  B4B 0 862 7722 6162 3849 2442 1468 EfficencyGCV G808
Meduminie. 2858 2868 2868 3608 2888 2668 105 266 Effciency NGV 8591
Medum Ou.. 2868 28648 3808 4976 2868 2868 187.2 175.5 Bir Exit Temp 146.76
Tube OD 76.2 0 508 45 76.2 508 508 635 Fual Name B :
Tube Thi 49 0 4 4 41 41 a7 2 , Bgosne
Tubelengl. - 0 6800 7300 8800 5460  BOTIT 39421 Fuel Consumption  35619.38
Transverse.. - 0 204 204 204 105 85 80 FoelGOY 2300
Longitudinal.. - D 150 150 150 100 150 80 FuelNCY 184651
Tubes Wide 0 6 K] = 73 a5 95 Fuel-Sens Heat 0
Tubes Deep - 0 8 6 2 2 24 21 Total DraftLoss 6287
2‘""&""' P - : : : : g : ; Heat Load 56508206
as Passes . 2
Width 1152 1752 1152 1752 52 1152 2075 1670 g:ﬁ;ﬁ:nm gg im
Depthilength 62166 0 0 0 . 2500 earny 36421 Heating Surfsce Ar | 650238
Heght 11078.9 0 . - 8500 5460 3600 78842 o Bl o GO
Heating Sur. 5188 0 3514 2203 1182 1368.7 846.3 31378 Moisture Prod+Fue 2196
Mosst in Air 0.121
UnBurit Loss 25
UnAccounted Marg 1
Rediation Loss 04
Total Losses 3102
g Gas Mass Flow 0.167e06
~Units -
MKS Units: StrvCap-Kghr, SimPress-Kg/Cm2; Temp-degC. Cal.Val, Sens Heat- Redesgn Ecrfvfmmam 475
Kealg, LengthiDia=mm: Heatload-Kcalhy; Draft Loss-mm of WC; PressureDrop- Save Uit Wet Ar 275
Kg/Cm2, Area-Sq mt GasMassFlow-kghr GasNorFlaw-Nm3ihe Fin HUThkAOD- Ext ’
mm Densty-Fns/Mt UnitArea-M2/m
|For Help, Press Cri+H 18082011 |09:26 .
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] FireCA0 - Guate Fred Boiler - Qutput Foun - Seile
Fite AddForl Punt Cong  Run b

NudeyO ¥ea
Home  Fumace | Superteater Screen | Supertieater | BollerBank Screen | BagerBank | Economiser | ArHeater | MechDesign |

Flenace and Dium Detals ~Fumaoe Perfoernance s

Levels OForce ExtGasTemp E’M" |

—— = T
Grate Tap Lawes Drum mTesd | | ExeCasTemy [peaen | R -2
Left SW Hdr Top Drum wred | | HSAwes 51938 pomay
Right SW Helr Firnace Width (7752 EPRS 37272 bt
Frontwal Hdr FunaceDepth  [G216.5g | | O'0ssHl 659006 Superatee
RearWat Hdr FurDegthaiNose Bioaasl | | EfectVol 50508
Nose/ScreenBegin TopDrumiD 1310 Gas Flow 0 167606 '
Nose/Screen Tip LowerDrumiD (850 VolRelRate  0.171e06 ="
Nose/Screen End Grate Wicth 52 | GrateRelRate 1 787e06 X
FrantWak Comer Grate Depth 5o | | Resd. Time 34 Juez B

Furnace wal Detals
tem Front Wal Side Wall Rear Wal Aperture/
SHSoreen
Wall Type [Memorane =] Membrane v|  [Membrane -}
Tube OD 76.2 l 76.2 762 [0
Tube Thi 406 106 [1.05 0 i
Tube Pich % 0 T 5 Fumace: Different Levels (Typical)
No of Tubes 75 1 75 3
[For Help, Press Ctri+H 16082011 [09:27, 4
I3 FreCAD - Geate Fred Botlr - Outpot Form - Beley fellm=)

A e R G e Do
NEdesvoev2aQ
Home | Fumace | SuperHeaterScreen — Superbeater |BoﬂerBankScmm| BolerBank | Economiser | ArHeater | MechDesign |

- SupesHeater Dedails .
Primary Secord nmary

=24 e SH Header

Tube Pich irline_ + &
‘\I'—-fi =g Spray Hor
Tube 0D 508 3 SN —iendr
e 4 4 w—OLfet Header
Tubelength 16800 7300 Cavity
TransversePitch 204 204 After SH
Longiud. Piteh 150 150 Cavity
TubesPerRaw % % g n——
NoOfRaws [0 & ?
CawtyBeforeSH-Depth 3
CawitylrsideSH-Depth 200 8
CavityANerSH-Deth 0 3 | Primary
// SuperHeoter
~Performence Detals Secondary
Steam side Passes Primary Secondary / SuparHeater
Stearn Out TemplActual) 38076 49763 /
GasCutTerrp(Actual) 662.05 77216 _Depth at
Total Draft Loss 0.257 0168 Noge
StearmPressDrop 0869 1.74 y
Heat Load 6301206 6498606 £
Heatng Surface Area 35144 22033
Gas Mass Velocty 4040.31 363528 SuperHeater - Two stage
e NG i St Primary and Seconda
DSH Speay Water 1465.55 Trimary anc secondary
Cawity TempDrop 13
B Redesign
[For Help, Press Ciri+H 1B0B2011 0929, .
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'[Y FreCAD « Guate Fand Bailer + Outgust Form - boler T —
Fie AddFael Svmt (U" fun  Mels

s8¢0 v€Q
Home | Fumace | SuperHeaterScreen | SuperHester BoderBank Screen | BoderBank | Economiser | AirHeater | MechDesign |

‘BolerBankSoreen Detals ————————————
Tube OD 6.2 |
Tube Thik [406 |
TubeHeight 500 |
TransversePech 204 o j
Loagitud. Pitch 150 call
Tubes Per Row g | ey
= |
No Of Rows ] o
2 o "
0 | Gas
B |
SO |
—‘—é—-;-q—
~Performance Details 0 \
Gas Iniet Temp 64905 p JhoCiTbes
O / W NOw-Y
Gas Outlet Temp 616.22 Cavity After /
Total Draf Loss 0.205 S Hiater © / MNoCfPows2
Heat Load 1727608 d
Heating Surface Area 1182 38 - A8 (Typical)
Gas Mass Velooity 530411 Boiler Bank Screen (Typical)
Overall HTC 4605
For Heip, Press CuitH 18082011 0830,

e Aa0fuel: Pront = Contip ;R » Mesp
NEHdesve 720
Home | Fumace | Supeteater Scroen | Superbeater | BoilerBank Screen  BoberBank | Ecomomiser | ArHeater | MechDesign |

i < Screen Tubes - 2 rows
P : T
Tube OD 508

Tube Th 408

Avg Tue Hi 5460

Trans Pitch 105 &

Long Piich 100

Tubes wide 73

Rows deep 22 l

Vian 1752 A

Depth 2500
Porformance Detais

BoderBank

Gas infet Termp 81622 )

Gas Out Temp 38403 l"'.é;“,,, & r::_.p:ﬂw.l-r
Steamn Temp 205 B4 Tunes Per Rowe 29

Ovaft Loss 28 No Offlows = 22

H S Area 1298 72 Boller Bank - Cross Flow (Typlcal)

Gas Mass Vel 7583 68

o TC w0

For Help, Press Ciri+H 18062011 0930
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[0 FeCAD - Guate Fired Bofir - Cubput Fom - beiter (===
Hie Add Fuel - Pure  Config  Run - Hdp
NeadsyvOo 720

Home | Fumace | SuperbeaterScreen | SuperHeater | BollerBank Screen | BoterBank | Economiser | AiHeater  MechDesign |

Select Code  [BS - Add code ‘
f zl l |
Shell Dia | | Bailer Shed Tube under Ext Pressure Tubes with int. Press
x1te(rC) 2.x1.{0B.0(T-C) x11(T-C)
Na Of Tubes F):] WP= WP= — Wp= —= =
<00 ] (x2R+x3T-x4.C) D (x2Rox3T+x4.C)
RS x1= 2 x1= 1 xi= 2
D = 2 x2= 2
Breath space |0 J a- 1 x3= 1
PichType Stagpers - x4 = 1 x4 = 1
Boder Type  [NoSteam - it Radus, R ] OCuter Dig, O P Outer Radius, ]
. On
Thickness T 9] Thickness. T E Thickness T 0
Cor Alw, C 0 Coerr Aliw, C D CaorrAtw, C 0
o1L 0 Perm Stress, { Perm Stress, { E] Pem Stress. E |
5 0 UgsmentEM.e. o |
Max Working a Max Working o Max Working a
Pressure Pressure Pressure
-Units - MKS
DiameterRadusThick/Corrosion Allowance/PichBrathngSPscelOTL - mm | Pressure/Stress - KghCm2 ReCalcuate
[For Belp, Press Ctri+H [1a0a2011 (0931,
[0 FieCAD - Grate Eved Boer - Oukput Foem - bokes =imi=]
filesAdd Furl s P > Config [ MuntiMelp:
NEHde¥YOFea
Home | Fumace | Superbester Screen | Supertieater | BolerBank Screen | BaerBank  Economser | Aidester | MeehDesign |
-Economiser Detals ——————————  ~Fin'Gill Detats —————————————————
Tube Pitch Inine < Heght i Sagtn
Thi 0 i
Water In Termg 105 1 1
Rov s Deep-10
Tube OD 508 z"’go o G
oot 10
Tube Thk
hid Unt Area 9]
Tometon pors.o8 Serawian [
TransversePich E C
: . Fin Type Sald - G £
Longtud Pitch 160
Wide 35 wo.:: Duct Langth
Deep 24 i :
WaterPass-Courter ) % OutT ; arat = -3, SEP R
WaterPass-Parallel 0 - T St “; p:‘::l 'ﬂ:ov
DuctWidth T fasou emp{Actual) 2442 2 & e .1 ;.
Draft i ez v
Ductlength 377 66 o Lpe s “par Pass - 4
WaterPressOvop 0.0Mm Fi| Torsl Wide-12
Heat Load 6927606 i
Heating Surf. Area 846 35 _ conomi
Gas Mass Vel 20500
Overal HTC 4928
Redesgn
|For Help, Press Ctri=H 1181082011 |09:30,
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[ FireCaD « Guate Fied Besler + Oupxa Form - Boiker REnEs
Pie:= i riel - vt~ Coufly 11 furs = iely
1sde¥O0ove0
Home | Fumace | SuperteaterScreen | SuperHeater | BoilerBank Screen | BoierBank | Economiser  Aiteater | MechDesign |
Tube side Détals - ~Shell e Detals
GasIn

Medium GAS Medum AR

Tot Mass Flow 0 167206 Tot Mass Flow 0 13206 s

% Mass Flow oo | % Mass Flow 100 /'

Act Mass Flow 0.167e16 Act Mass Flow 0 13208 E \\

[ ‘ &8 Shell
OutietTempActual ~ 146.78 OukefTempActud 1755 - :
Air ,

ArHeater Details Performance Detais »

Tube Pitch hine - ShebsidePressurel oss BN 5|

Tube OD f§35 TubesdePressureloss 1797 & 000006@- ks

Tube Thk 203 Heat Load 4605208 ® 8888888 / Wide-6

e S

Tube Length [3942.08 Heatng Surface Area 3131718 % L 0000000

TransversePich /80 ShelsideMassVelocty 20500 a -388888

Longtud Pitch 80 ] TubssidehassVelocity 30244 69 \T .

Yol | ubes

Wide grg_s Overall HTC 16.26 & Dvee-7

Deep 21 | Air Heater(Typicd)

Shedl Passes 2

DuctWidth 1.7.6...7.0. ]

Ductlength {34208 Redesgn
[For Help, Press Ctri+H 11810872011 0931,
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abeall Juail

2l Lin o1 9385 all

1o e el 330 e aliall 3 5 5ing

sy . g < a9 Sl Jamy ali 0 58 5 :fo0d product modeller demo(FPM)-1
Jie goieaill 5 438 ) il €0 Al 2 g s sl llee I amiiall 51 s Cila ) il
i o salll aialy ald a5 il 5 L1V 5 apeaill g 2y il

INSTAL EXE. e zsoiell il & rlademo 435S5Y) e il YA (e el pll i oy

~ MIRINS Applications _tisl &3 all program &5 START 4aid (e zeali jll Juds o
Al 43U elas &5 food product modeller demo

SHEE

Lt Aaild Josii file Jlad) i, Help s file e o fiad 48La jedai ok JLod) oy lade

A& L0 ) aaldasd Jie choose model 4esl ) sa a3 sedan b jLidl xie new-|
o g sl 131 Ay ) all Gl Al aaes e ) giss [ab OF Sheep aewl a8 jedas o5 ok sl
aall
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Choose mocel I e

Model to use:

<+ Meat carcazz/zide:

~» Carton
Generic thapes
o i v 0K |
< Lamb or Mutton
= Beef zide
> Pork zide x
» Beef quarter Cancel

= Yenizon zide

5] Peed Proxtact Medelee - J i thed L ¢ Saang ||

T »

kls
Ll =[x

WARNING: Demo version - calcufation resulls
may vary randomly &3 the thermal properti
are delibecately made incoeract.

<No name>

Moty
<o eotes>
Seulation data;
Stealvope:
Land/Sheep Carcass
Vihole comass weght 1y
hital Candisons:
ntin terperature: W'C
Boundwry Condisoes:
Baadery Surface
Haa trarak e ~
Wrappng ype

Teva ) Toregmeatam (°C)

0 0

Toe iv) Vekocny (i)
0 ]

Boestny Conta

Symamtry [pefecty mdated) bondan

Thermal Progorsor

Food type: Yt b typex®
Teergurntats (T} Esthalpy (M)

013 5).L018
=4 -1 T
N9 407068
Lk .18
49 % %0
34 1RTR
2% 168.30!
5% 21 66
A5 E0NT
a3 36566
n LR

m 10M 58

A S LS ) il gy 5 el b2

i FoodProductModeller i ML

File Edit View Properties Initial Boundary Calculation Window Help

Gl A _iwY import s axb bésll save ass opens e b a5 new e s s File *
.exit s print setup s print s Ul il export s

ol sedasla jlidl die g 3aadle AU 5 ¢ 5 il dpandll Jarlindi s name/nots 4 s cedit *
AL PER PN
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Simulation name and notes ‘il

Simulation

Notes:

W oK xCanceI

se Al cilicall (e diia JSI Eua Glaa gl Ll 2l 4S5 chooSE units -
) A 8 LS il 3o gl L) s AN L 3 g3 pall agead) Taial) DA (30 s gl

Units ﬂ

Choose units:
Time: | hours ﬂ|
Thickness: | metres ﬂ|
Temperature: |Ce|sius ﬂ|
Enthalpy: | Megajoules |
Microbial growth: | Generations ﬂ|
Velocity: |I."Ietres per sec j|
Heat transfer coefficient: |Watts per =q. metre Kj|
Heat load: | Watts/m? |

V oK xﬂancel

8 i LA e (Sar: Duplicate -<
oo S W) e 8 jeday - Make generic -z
=l scopy -«

s_Lia) i g Tubler . a8l (3 jeday WS i sall jlelaY aaaius g model e s i35 iview *
B LS ok e baall a Joas 3l ledsl llaall Aall 215t allay ) s 1 e ek
: Sl g

109



Byl dnnia o dgy gl sglaggagll Qeldl plasy wral.s

Jio JS5 il jleda) o glladll ddiall il paat callay )sa o e eday W L) ie 5 Graph
Ok‘_f‘s.ksua.“bu @JJS,)LAS\_yu“_g\Lﬁ)\)ﬂ\&}u‘j\Lﬁ)\)ﬂ\da;.“j'&)\)aj\aa‘)d
.l S s L

G A Qllay Gl g ) sall au yall jeday o lidl aie 5 weight e s #is3 5 properties *
0K e Jancall 5 &l 15 kg Aasdl (s Jie o slhall aalll
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3l piail) Sl L) callay U (5 ) sall a sall jeday s jlial ie 5 Reaction microbiology s
Bl dad ol Ecoli LS 5 Gaila ) Aalas

Jial il s ao e sedas La L) xie s temperature 300 sl 4 s e (s 5ia s intial *
A3l pall s )

dpaall Ca gkl JAa) callay )l ga aa e jedas e sl die g surface e s si~a5: boundary *
da g psndll e aga sall ajall g sis elally sl o) sdla 30 jall JUES) pasd allay 5 aalll i
Aoy i gl Jia) byl s a0 et add e il die 5 el de g il 5 ) jall
adall sy padll i3 N ALYl 3 ) ,all

Meat product boundary conditions ﬁ

Heat tranzfer Packaging:

@ Air < Bare meat
 Water » Stockinet wrap
+ Poly-bag and stockinel

Time Temperature “# Temperature
hr C “ Fluid Velocit
o o
Add
Edit
Delete

/ K xﬂancel

o by ) ea ao je jeday b jlidl die 5 time step length e s sia3 5 :Calculation *
;&tﬂ\ I ‘?ﬁ LS i 5l (g2

Step lengths E

Time between:

Calculation hr V o

[Recommend: 0.004438 to 02219
hr]

Output steps: |:| hr xﬁancel
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a3 Jama 2ie stopping time <& sl e kbl s @ e el Lo JLiA) xie When to stop
r Al JSEl ALS A&l s ) el

Stopping criteria E

Stop at:

“* A zpecified time
A mean temperature

A node temperature
~ All node temperatures / 0k
Stopping hime:
xl:ancel
he

: Refrigeration loads analyzer demo-2

Sy g bl 3y il ddee a5 4y il Jles) Clusa (e A3 V) aiual cwdiga (S el 545
Suaa Jalaa L) g 32850 avabiaill (o (381 5 arabiaill 2855 ¢ 3 gan gl 2y ill Jalaa ¢ ol Jalas
:‘;ZN\ ;\ﬁ\ USAJGALI).\M Jaa LX)

Al 0 )l s laasall s il lall glal agds |

aaill dadaiy 4y glaal) dadl past oo

s 38 Jerad ()l sl dasll Cldial g asd o~

& sl 8Ll alla e 5 plapll 3y jill 48 jal 4y ) jall Jeal s -6
Aol JleaBl Jglas ol cildaladig oy o

& MIRINS Applications Juial &5 all program a3 START 4l (e gealijall Jus o
Al A5l edas S5 Refrigeration loads analyzer demo
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e . W TS

Hle Hep

About

L il Janss file Jlia) i, Help s file oo (s sins aild el ok JLaal o lasay

room Js¥) o) la 4d 5 choose Windows type 4es) Dl s a e sedas b jLia) xie new-I
e i untitled room 4esl 8 edars 0k 5 room Sie Leaast sl S5 plant SU s
Al 485 Jleal 5 arenaly (3laile JS

(o9 ol gl Jay 55 e g sS

.exit s print setup s print s save as s opens new e s sisa s:file -1

e ek Ladie 5 units 5. Adaadle 4S5 & 5 il drenil Jarind s name/nots 445 :edit -2

Lol die agul LEGA 8 2a g5 Ledlan s 2yl Jleals Zilaiall Cliall puen o (5 5iny lsa
idenl 223y COPY 5 AaiSlall Ban gl JLA) (Sa Riea JSI Adline Caag Lelii dall Lo

.ém.m
Jsaa ) labada S8 e Al 21 Al (Say dus setup s table s graph e s 5is3 5 view -3
Laaaal) lidly

: Sle iy :description -4

Cilady e A el g iy 2l 48 2 sl Jaa) llay ) s e ek La Ll xie 5 :general -
(S s Al Ay gha g a5 pall 3 )08 5 minall g 353 yaiona )

113



Byl dnnia o dgy gl sglaggagll Qeldl plasy wral.s

lly batch ¢ 55 (e CilS IME A all ¢ 5 s sl s e ey La sl 2ie 5 :operation -2
A IS LS 5 saall 5 Jranil) ol 31 JLal

il Jsa il by cartooned product 4ew) Sl ss m s seda o LAl xie :product -3
‘ELASJ é\ ...... UJSJS.“LFA&).\MA.“ J‘}AMJ EJ‘)AM:\A_)JJM\JJM\JUJEJ\S.“ uJszA
- Sl J<s)
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Fibreboard

Jie haadl sl Jaa) llay choose surface 4es! l ss g e e W JLid) xie 5 :surfaces -4
JSEN 8 LS5 A V) o) Caiadl gl SN g JsY) il laall ol U JsY) Jyshall lasl)
-l

Laong wall 1

aiall QL) sl sl o5 40 s:doors -5
(sle (5 5iad A8 Jawii adde Hhall o g 2ie 5 :ventilation -6

iy il ddlal 4 ventilation 4ewl ) e a ye jeda s sl 2ie 5 :flow rate -
Ol Jara s deludly e Jl1 A4S allay gdd e Jaaall 2ie Al g aelie g elall 5 a5 o g
A IS 8 LS A e s
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:oalUl) ClSAl 8 e s LS5 (e 3l 5 3l adl A o aaati oy 408 5 s temperature -
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ClSall 3 LS5 add e Jorall JUA (e Al 44 gha I aaat o 408 5 :relative humidity -z
-l

Do i Al Hekai s sl vie celectrical -7

3ela¥) 3 )38 cilily callay lighting information 4es) ) ss a3 sedas o sl ie :lights -|
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CSEN 3 LaS (e 3l g A5SLall 5 y0all Jal llay s aa je ek L LSS 2ie :machinery -«
il
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ol ISRl A LS5 e )5 alalal) (i) axe il people -8

Al Jial bl structure information 4es! ) s ao e seday W jLisl die: structures -9
Sl IS LS Leadans e e sell ey s LeSans A5 S0 &0 A W) 5 ) sl de o5 landll
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latent heats sensible heat (e (s 5iad 48 ekt Wa jlial xie 5 - miscellaneous -10
Aclully a3l g dal g sLSIl (5 ) ad) dealdl Jlaal callay L

A e 5 ) a Ay Jia) Qllay temperature e s sisd Al el b jlidl sie :profiles -5
Bale 5 da g yall de ju Jia) allsy fan speed (e ssiad Sy delully (el 5 (5 sially 2yl
Aelully g 315 %100 583

a8 G el jledal g liluad) o) jaly i il a2 68 Wele Jazizall die 5 :recalculate -6
windows -7
help-8

S5 0pen el )l ao e yeday W HLd) died =l pll (8 3 5a ge Cale =38 oY g s20pEN -2
F2.RLR 5F1.RLR 5CS.RLR 5c2.RLRsC1.RLR 5 PON. RLR Jis 333 <l e
&5 RLA. Plant file s RLA. room file 5 list type of files aul LA Je (5 a5
A Aagla s a3 Ly Lgad Basa sall wll iamy juad PO (e Lo BaELY) (S 338l il

Jazall o) chal 83 ga gall il

sl e 5t A 6 S el 25548 3 g ) all Jaadl 2 :Jle

arenaill 4 qal il yan Cale L ASay) file (o 083 e LS gmalipl) Jprcdi 2 Aol b
sl a e seday open s saaadl clilily ae 233 Lay 29 sa ol Joaadl 5l (nEW (10 amiliall

s Sull
Open ﬂ
File name: Folders: 0K
CHMIRINSWFZ RLR c:hmirinz
Cancel

BOM.RLR J = e J 4

C1.RLR = MIRINZ

C2.RLR Help

CSRLR

F1.RLR

FEHLH r Read I:II'I|}"

J J Metwork...

List files of type: Drives:
]HLAn:u:umfiles ﬂ IEC: j

& s ity 4 3 sa g cale JS Cus RLA. room file Jie e yi ) calall g 53 sl lilSaly
general & description I —ladll &3 ok (e bl & saaally paisy F2.RLR Jie (s
A3kl g Adull JWAY 5 &)L A gkl alaall g 0031 Balall £ 53y o Al dal pua gl

o Sl mpanaill Crsy aadiiall Lgraia 53 o 58y Led 33 9 sall a8 Y1 5 Juadiilly
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r Sl 3l ek recalculate e Larall o

WARNING: Demo version - calculation results may vary randomly.
Freezer 2
Notes:

Room data:
Operation type:  Batch
Length 10 m

Widtho6 m
Height 4 m
Cycle length:

)load-in to load-out) 40  hr
Load cycle length:

)load-in to load-in)40  hr
Loading starttime: 12 hr
Loading duration:

(start of load-in to end of load-in) 2 hr
Relative Humidity:95 %

Fan Power: 35 kW
Refrigeration on during loading: Yes
Refrigeration on after loading: Yes
Lighting Power: 0.2 kW
Lights on during loading: Yes
Lights on after loading: Yes
Temperature vs. time profile:

Time (hr)  Temperature (°C(

0 25-

Fanspeed vs. time profile:

Time (hr)  Fan speed(%)

0 100

Product data

Product type: Cartons

Board type: Fibreboard

Item weight 27 kg

Number of items 1000
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Item thickness 0.16 m
Max. air velocity 1 m/s
Initial temperature 35  °C

Surface data

Surface: Long wall 1

X dimension: 10 m

Y dimension: 4 m
Thickness 0.1 m
Conductivity 0.03 WI/(m.K(
Outside temperature 10 °C
Surface: Long wall 2

X dimension: 10 m

Y dimension: 4 m
Thickness 0.1 m
Conductivity 0.03  W/(m.K(
Outside temperature 10 °C
Surface: Short wall 1

X dimension: 6 m

Y dimension: 4 m
Thickness 0.1 m
Conductivity 0.03  W/(m.K(
Outside temperature 10 °C
Surface: Short wall 2

X dimension: 6 m

Y dimension: 4 m
Thickness 0.1 m
Conductivity 0.03  W/(m.K(
Outside temperature 10 °C
Surface: Ceiling

X dimension: 10 m

Y dimension: 6 m
Thickness 0.1 m
Conductivity 0.03  W/(m.K(
Outside temperature 10 °C
Surface: Floor

X dimension: 10 m
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Y dimension: 6 m
Thickness 0.1 m
Conductivity 0.03 W/(m.K)
Outside temperature 10 °C

Structure data

Mass 1000 kg

Thickness 0.005 m

Max. air velocity 1 m/s
Specific heat cap. 3400 kJ/kgK
Conductivity 62 W/mK
Density 7800 kg/m?3

Area 51.2821 m?

Miscellaneous heat loads

Misc. sensible heat load:
Time (hr)  Heat Load (kW)
0 0

0 6

Misc. latent heat load:

Time (hr)  Heat Load (kKW(
0 0

0 3

People in the room

Number:

Time (hr)  Number()
0 0

0 1

Non-lighting electrical heat loads

Machinery power:
Time (hr)  Power (KW(
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0 0.4

Floor data

Mass 672 kg

Thickness 0.005 m

Max. air velocity 1 m/s
Specific heat cap. 3800 kJ/kgK
Conductivity 1.2 WI(m.K(
Density 2240 kg/m?d

Area 60 m?

Ventilation heat loads

Air temperature:

Time (hr)  Temperature (°C(
0 0

0 2-

Air flow rate:

Time (hr)  Flow rate (m3/s(
0 0

0 100

Air relative humidity:

Time (hr)  Rel. Humidity(%)
0 0

0 70

Door data

Doors in this set: 1

Door protection:  Air Curtain
Height 2 m

Width 1 m

Outside temperature 20 °C
Outside humidity 70 %
Opening frequency50 %
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f VS 5 A pad) Jlaa ) il ans g gealiall a6k

i Refrigeration Loads Analyser - [CAMIRINZ\F2.RLR]

File Edit View Description Profiles Recalculate Window Help
Freezer 2
0.5
0.4 L
E 0.2 -
i=1
Ll
o
|
S 0.2 L
X
0.1 L
Q
0 5 10 15 20 25 20 35 40
Time, hr
—— Dcor latent heatload
< |

# ' Refrigeration Loads Analyser - [CAMIRINZ\F2.RLR]
File Edit View Description Profiles Recalculate Window Help

Freezer 2

18

1.4 L

1.24 o

14 L

0.5+

Heat Load, kW

0.6+

0.4 F

0.2+ o

a

a 5 10 15 20 25 30 35 40
Time, hr

—— Misc. latent heatload

<] |
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# ' Refrigeration Loads Analyser - [CAMIRINZ\F2.RLR]
FiIe Edit View Description Profiles Recalculate Window Help

Freezer 2

Heat Load, kKw

0 5 10 15 20 25 20 35 40
Time, hr

—— Misc. total heatload

4 B Refrigeration Loads Analyzer - [CAMIRINZ\WF2.RLE]
1 File Edit WView Description Profiles Recalculate Window Help

Freezer 2

110

100

&0+

TOoH

Heat Load, ki

a 5 10 15 20 25 30 a5 40
Time, hr

—— Product total heatload
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:Utilities modeler demo -3

e\;d\ JN\AWU\_}L}JU a,)c}.wz\ }\ L)@.ﬁ:u@}\ %Mﬁjweﬂ\&w&w
Y azal) (bl (e Glaall ‘J.ﬂjj:\.'t‘”ée}ﬂ\ Jaza 481 e 2 1990/1989

;25 Glossary of terms gl 8 degadl Glallaiadll ey lllia
:Equivalent Frozen Weight (EFW) s 38l aaadll 54l -1

4l (e Ay re Gl al (8 g snsall o alie JS0 0 e ) e 50 A il ) Jia
Ol s g Aulie Alla IS 3 il daa o) oy il & llaall AL ¢S

:Fuel Adjusted Production (FAP) -2

bl e e O s sllall 3850 ADkgiy

:Specific Electricity Consumption (SEC) = sill 4l Sl Mgl -3

GItON = dulie b suSall =LA (o JST Aleriunall 4130 5e SN 48U Jii 5

:Specific Fuel Consumption (SFC) = sill 2 58 sl &INlginl -4

GJ/toN = (slie 5 suSall LAl (e (o S Alanisall o 8 ol) A8 Jiay

:Utilization Level plasiu¥) 4 )0 -5

Al JDA 5y o) b aalie i) sl 5 558 35 guaSall il LY A gie dpasi o
gl ) G

83U ,elai gk o3 Utilities modeler demo & MIRINS Application & program & Start
.meat plant utilities modeler s zali )

D sle i Al @l il oy pd (e el ) 0 5Sy

print « print < import <save as ¢ save < open ¢ new e Al Jaud i -file -1
.exit « setup

help-2
:3¥) Menu Commands <! s¥! 4aild 8 aa o

133



By Ml Aania @9 dggguladl syl bl geldl plasy seals

s Jlesae callay e Lﬁjuml_d\ oda - File*

il aaa cale gl s Jerad Cale oLl (S LdDIA (05 :New
JREIL eday LSy ol LA 448 choose new windows 4es! ) sa oy seday new JLial aie
- Sl

Choose new window ﬂ

Window type:

<§* Plant window

+ Analysis window

anru:el

change period Jiiiy plant ) calilasic de ja ML Helat s g Leagia ) JLidl die 4
LJMJQMLHSEMM‘)@-L:OKQQMU@JN\JBJ‘J&jum@JU:\ﬁLa\cﬂ.mdLﬁ}
olial AN 8 (e o LaS 5 il () 9 ST g Clas ol g Jaadl) 5 daid) i Janal)
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%] File Plant Data Window Help
Notes:
(Mo notes available)
(Mo data available for the period from 01 Sep 2010 onwards)
Plant description as at 01 Sep 2010
Products:
Name Daily capacity Season Avg. ccs Units
(css) (mthsfyr) wt (kg)
(no products selected)
By-products:
Name Daily capacity Season Units
(t/day) (mthsfyr)
(no byproducts selected)
Energy types:
Name Calorific Value Density Units
(MJ/kg) (kgfl)
(no energy types selected)
Utility types:
Name Units

135

(no utilities selected)

Boilers:
Name
(no boilers)

Coldstores:
Name
(no coldstores)

(AUl JSA A LS Ll sisa g plant A8 Lo (o gan L g

File m Data Window

Change Period...

Mame/Motes...
Product...
Byproduct...
Energy...
LUtilities...
Equipment...
Boilers...
Coldstores...

Refrigeration...
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6&‘1-\-“ \‘)L‘-\) wzal.a

Product Setup

Asatt 01 Oct 1939

G4l st (S YA (e change period -1
a3l g (Demonstration Plant) Jezall aul 435S Say i g - name/notes -2

Juadll g dad) e clily llay product setup Dlss ae b o jddl e :product -3
P e Cllall pa i leman ) Lt ) LA Sy asalll e ddline g1 0¥ ()5l Jaxall
m il JS0 Loy by 4S5 jdiall A 5 83 g sall Dbl ey Jallii 5 iiall ¢ 55 jlial
(Sl JSAN A LS agu) (53 e ClbLA e Gilas ) jLadll

Product types  Capacity Season Average cce Units
(cosiday) (mthsiyear) wit (kg)
v| Lamb 10600 10 15
v| Sheep 1850 10 20
v Cattle 420 10 250 ﬂ
_ | calves 0 i} 15 j
| Pigs 0 0 15 ﬂ
_ | Goat 0 0 15 j
er R

X|

o) pal il g g8 L) DA e oy U (g ) sl aa ) jeday W jLia) die By product -4

cla e e

Byproduct Setup ﬂ
As at: 01 Oct 1989
Byproducts Capacity Units
(tonnesiday) ’ 0Ok
¥ Tallow 18t El
v| Meal 241 ¢ j
_| Slipe wool 0 annceI
v| Blood 15 kg ﬂ
Y JSA LS &)L a s sl e ) el seS A8l g 5t st o Led 5 cenergy -5
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DL a3 la g o pill alla e 5l potable sl mdia da slall & g8 dast o3y 408 5 :utility -6
o LS g Jad oyl mllall el

Cogaall g pall Cagady eV Joa Gl bl s a e el Lo sl ie 5 :equipment -7
;cU.J\ O \ASJ
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add )V e bl PR e Hhgall sl aaas Qllay Sl s aa je el o L3N 2ie :hoiler -8
hot water Jial xie g &l Jlag o) s sle Jie hisall g 53 il allay s a e jeday Waoay
Sl gl Jleatind o3 L5 Dbisall Jea by Jaa) Gillay Hlsas 30 el 0K (Ao baruall
Ras edit JOV Ges 4 ¢ 362 ¢ 1 o il Jal el Cudael g Hhgr JST alad Leasds cldalal) s

Al JEYY (8 i Al i ge s LS5l g0 JSTUlall i 5l Jpass
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add e DA (e bl 2 s g e yeday o LA die 5 3 ,all (5 3 58 5: cold store -9
35loada 05 (0h 50 ) Ghlb daullsal S5 oA aul 4 Jawsy A) s a0 el
(SN JSEN (8 e 58 LS5 (xS 5ie 100) Jea¥ g sanall 5 (4 5 a2 18- )il
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sl o Led 5 - refrigeration -10
;DUJ\

bl (A O35 252 50 ale =il Open
b cale Laés - Save as
Jaral (pile el a2diui g 0 merge
Sl Al il Import
.exit « print setup ¢ Print
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Al Wl sas e JS clilall anes 3aalia LdBA e Al g 410N dailal) gia Jauti g -Data*
:sequential entry JLis) J3A e

File Plant JOEEN Window Help

Change Pericd...

Product...
Byproduct...
Energy...
Utilities...

Boiler Ops...
Coldstore Ops...

Sequential entry

R el 4K GlI3 aey s
— T =
& Meat Plant Utilities Mag
ZI58 Plant Data Window Help
% CAMIRINZ\DEMO.UM

Demonstration Plant

Notes:
(No notes available)

Data for the period 01 Jan 1990 to 31 Jan 1990

Products:

Name Killed Chilled Frozen

Lamb 427 156 271 t

Sheep 1154 85 1068 t

Cattle 1259 35 1224 t

Byproducts:

Name Amount
Produced

Tallow 347 t

Meal 548 t

Blood 16000 kg

Energy types:

Name Amount Used

Electricity 1.6505e+06 kWh

Gas 11439 GJ

Utilities:

Name Amount Used

(no utilities selected)

Boilers:

Name Loading % Hours Run

1 60 300

2 40 300

3 60 300

4 60 300
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Coldstores:
Name
al

Plant description as at 01 Oct 1989

Products:
Name Daily capacity
(css)
Lamb 10600
Sheep 1850
Cattle 420
By-products:
Name Daily capacity
(t'day)
Tallow 18
Meal 24
Blood 1.5
Energy types:
Name Calorific Value
(MJ/kg)
Electricity
Gas 358
Utility types:
Name

(no utilities selected)
Boilers:

Name

1

2
3
4

Stored weight, t

0

Season
(mthsfyr)
10

10

10

Season
(mthsfyr)
10

10

10

Density
(kg/l)

0.00073

Meat %
100
Avg. ccs Units
wt (kg)
15 t
20 t
250 t
Units
t
t
kg
Units
KWh
GJ
Units

Windows*
Help*



By ¥ da i @ gy gunlall sylagg bl @alall glasy szl a

Cralil) Juadl)

5y jad) JAL) zal

4l al) eabiall 3 ) al) da il 08 oll) Jarall cibuad Wolfram gl -1

Jra s ) haid aliads ey die sliag Ulial zali ll 138 5 Wawe Wolfram gebiall 1aa 7 5% o3
da il sl Jomall a3 jatonn 5 ) saa 4o Jaall s i i) (le (San lld any 2 i i)
Wolfram Demonstrations \leew) 43580 ez s all Jaill &5 45 ) all c¥aludl 3 ) sl

-Aalll 328U jelad Project Logarithmic Mean Temperature of a Heat Exchanger

Logarithmic Mean Temperature of a Heat
Exchanger

application heating
flow directions |parallel | countercurrent ”

Ta= M0 treated stream ¥, = 350

temperature parameters:
T. - D ] AT = 55.Dt t AT = 100
Te (— =35 Ta= 150  medium Ty = 250
To —} @ 15,
AT p= = (AT - AT ) LoglAT/AT')
Ty - [} - 25,
w777
AT, axis max - D - B2 80, L

g

- 40}

=
2wl /
o L L L " L

4Ty
&
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ol & 515 cooling s 5) heating (paed 8 da ¥l Gulaill & 58 dnaad cany zedld ) 130 3
Gl e e 43 jiall Aliall 5 countercurrent oSlaia ) parallel ) sie 8 da gl
s 3l

2 3l yall g g padl dabaal) AV Jadal) ALl ailall 3 ) a3 3 T,

s al dalaall e z A 2L ALl 3 ) ja A o Ty

sl oall Jabsall A Jadall 2l ailall 3 ) s A )3 T

AL el e Bl s 4gluiS) axy gl adl dabwall (e z JAD &3l 3 ) A o Ty
A sl ¥ abuall 8 & il 5 adiaal) e dggndat Al Al JIKSY)

kel JSAl) 8 e sa LS5 (5 0) siall & il (g ) padl Jalaally 2y il -]

obial JSA (8 Gase 58 LaS 5 GuSlatiall g 5l (e (5,1 sadl dalaally 3y 5l -2

e AT, = 416
flow dirsctions paraiei_J countercurrent
T Tg= 250 tireated siream I = 950
temperature parameters: : ;
s l 2, AT = QU.IJt AT = 750
Ty —— : %
3 s To= 50 melium Ty = 200
Ty = f—— s
Ty J,— 20, ATy = = (AT — AT")Log(AT[AT")
0 T
AT axis max ———— |— 10, =
& ®
5 ol
0t
o!‘
100
80
= 80
[
9 2 )
0
o i
0 20 30 60 80 10 120
T,
Wiltras |Q lemonstrations Project femonatrationswaotfram.com
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olial JSAl) 8 e 5 LS 5 (5 ) siall & sl e (g )l ad) Jalaally (il -3
Addoad 3 yall g gl all dabadl ) JSJal oLl Ll 3 ) s da 0 T,
s al dalaal) e z A CALW Ll 3 ) s da Ty

) Al dabaal) (D Jalall el a3lall 3 ) s da 5 T,

JJ\J\ éLd\ ‘SJ\ 3)\); onSJ&JLfJ\JAJ\ dJL\Aj\ uACJIAj\ c_‘iu\ BJ\);:\.;_)J Tb

AT, = 364
Tp= 200 treatedstream I = 900

temperature parameters:
T ——— AT = 90.01 tm% 100
2 5
Teiee——— = Tp= 1100 medium Ty =1000

Tp— f———— B AT, = =(AT - AT")/Log(AT/AT")

10—
ALy,
AT axis max ———— |— 100, o
m L
E\-E
<4 4 1
20 .\ -
o ) . i ; A
0 20 40 &0 B0 100 120
Ty
100 - -
BOF NN
R
5
a0 F .
20 F \.l
0 x . y . :
e 20 4 60 80 100 120
Ty
Waolfram Q Demonsirations Project demonstrationawallram.com

ol JSAI A (e b LS g aSlatiall & gill (e (g ) pad) dabaally (adinall -4
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application  conling { hesting
= ATy = 433
flow directions  parafiel | countercurrent

Ty= 900 treatedstream Ty = 200

temperature parameters: ]
T J' 0. AT = 20.0# t AT = 800
T ] S Tp= 1100  medium Ty =1000

T e —— 130,

T f————— s AT, = = (AT - AT")/Log(AT/AT")

10

AT axis max —_]— 100,

0 2 4 &0 W 10 12

Td
10—
80 F
¢ F
S“E
| a0t a
20t
0 L i
L} 0 L &0 30 100 120
Ty

Wolfram 8% Demonstrations Project femonstrationswelfram cam

4luad) eyt B 81 ad) JUS) Gluad Wolfram gl -2

Wolfram Demonstrations Leas! il 45 &Y e 7 53 jall laacall oty zeals jll Jiad
Ul AN 8 LS 5 s ull 3385 el Project Heat Transfer in a Heat Exchanger

JREEEN

Boladh da Al i jle ol Ja il (AT
REPWAIEY ¢

SOl dua il K

daally A3l 351 el Jas) Jeleazhg i,
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d_‘\;_\b @J\AJ\ EJ\)AS\ du-?‘ d-“l-’d‘ﬁhs out.

high Jde 5l low sl s s da 3 pall Jasil Jalas Jaxe (520 dasi gl pll 138 8 &4
Jrasill s barrier thickness cpailall g alall dlaw g 5 )l jall Sla jal sl glll Jaw giall
oAl R el Gl e o) all QUi Jelaa s 5 yall

Heat Transfer in a Heat Exchanger

heat transfer, qg. in watts/meter?
"b&'iﬂ k ﬁsuut

heat transfer rate range high

temperature difference, ATy, (*C)

—{ 5.

barrier thickness, x (mm)

X
[} 3.
thermal conductivity, k (W/m=C)
[} 100.
heat transfer coefficients
inside surface, hzipn [W,-'mz‘“l:]
I 500, galATg) = gal 5.00)= 82910 W/m®
outside surface, hs oyt [W,-'mz“C] wet /T
—} 50, < 1200
= swof
g C
B so F
&l n
$ wof
00 [
|:| .............................
1] 5 10 15 0 25 30
AT, (PC)

d.la.a} c‘;b\jﬁj\)sj\ dlsli‘ ddujelq 1 aJ\.ﬁA é..}é‘) uzu_‘il.d\ U:“UA"AM é‘mu‘js..j Laie du.a
o) all Jati) Jalaa s 400 W/IMPC sl dua sill g 4 i 4 )3 15 5,)lall Slaya (3 Al
ahudl Gl e JSU 5 el sl ey 1200 W/MPC sl ahad) (il Lo S
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438.99 WIm? o lia sSs 5 ) pall Juiil Jasa gla Ul 3 3 30 W/MP°C >l
Jiall 8 sUarall i) Cueay 48 jiall el Gl a3 A (g dgle Jgaanll 3138

heat transfer, qa , in watts/meter2
h;in k hsout

temperature difference; ATn, (°C)

{ =

{1 115
barrier thickness, x (mm)
—f———1,
thermal conductivity, k {W/m°C)

J— 400
heat transfer coefficients
inside surface, hs i, (W/m2°C)
s (ATh) = g4( 15.00) = 438.99 W/m?

Alml) = 2.00) = 4a38. /
outside surface, hs out (W/m2°C) QAqu ..................
1400 |

— o
. 1200}
NN
£ 1000F
= -
— or
z s
g wof
3 o}
200
o nnnnnnnnnnnnnnnnnnnnnnnnnn
0 5 10 15 20 25 30

AT, (°C)

Wolfram ﬁ Demanstrations Projact demonstrations.wolfram.com

Jara s el g 3 pall JU Jaag ala 5 6 jlaia 5 canilall c Gaeall cles &K Laxie 1 Jl
3ol il dalaas 10 W/MOC sl ol duasill g 43530 Aa )2 20 3,1 a0 Sy 34
bl Gl e A8 3 ) pall Jiss) Jalaa s 1500 W/mZOCL“;sm\ CJ.«A\ il e
ooldie sSuw B pall JEn) Jae b Wl el 4 3000 W/mP°C (.l

(s BUanall UL Cony 281 jiall 3l Gy a8 DA (e dgle J paall &5 138 513333.33W/m?
LJal
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heat transfer, qp , in watts/meter?

hest transfer rate range low | high

temperature difference, ATy, (°C)
{

fi 20.

barrier thickness, x (mm)

s

thermal conductivity, k (AW/m°C)

—n

heat transfer coefficients
inside surface, hs i, (W/m?2C)
J-— 1500.

outside surface, he gur (W/m2°C)

- f———— 350,

WUHIKHH@ Demanstrations Project

Ga(ATy) (W im?)

20000
15000 |

10000 [

6“(«14.1[ OLAA) wzal.a

.............................

AT, (°C)

demonstrations wolfram.com

Wolfram

Jjra Jlaa (B 3 el Alally 31 adl JWIN Wolfram gl » -3

e G LY e zoadadl ) ONA e bl M Jmd S

~ Demonstrations Project Steady-State Heat Transfer through an Insulated Wall
Juasill 5 jlaadl clan s 5 )l adl Sl 2y 3 AN & Leih yre cangy () il sleall o 40D 32801 g ki
Ay oAl Aalall S5 ) ) Jas) Jelaa s 43 gl sall Jaa sill s Jladl claw s 4l ) 5al
a3 Bl pad) QU Ol geali sl o sy I Lai g sUnaall bl Cansny 481 Jiall Sl Sy yas
A i gy Al alada
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Steady-State Heat Transfer through an
Insulated Wall

heat transfer, gg. in watts/ meter?
-bS‘i.fL -'rq.na -'twall -b.ﬂ}tt

temperature difference, AT (*C)

1 8.

wall barrier thickness, ¥,z (cm)

1 20.

wall thermal conductivity, k=g (W/m*C)

1 1.3

insulation /

barrier thickness, %n: (cm) Xins Xall
] 5.

thermal conductivity, kinz (W/m*C)

galAT)=gq( 800)= 910 W/ar

|] 0,08 100
sol
heat transfer coefficients o
inside surface, hsip (Wims*C) 3.":"_ ol
| 15. _ e |
outside surface, hs gy (W/mM=*C) 4 40
_ =
] 30. =

AT(C)

Ol il - & 6041 Wolfram gl » -4

Wolfram = leas) Al L&Y e zoadall Jall JBA e bl s dudi o
S Slaslaall g 20Ul 38Ul jelas 5 Demonstrations Project Stefan-Boltzmann Law
sl 3 a da g pdiall aualdl 5 ) da o 5 QA ) (gl B padl da o o Le e oy

(gaball ) saall by aands Jiay (53) Payis s.oadand) 5 (s saall 3 ) all da o ) e 5 A8laiVl
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Stefan-Boltzmann Law

heat radiation
temperature in degrees emissivity = 0.300
Celsius
emissivity e
[} 0.5
radiator temperature T
[} 1800.

ambient temperature T,

D 300.

axis limits
T axis minimum
[} 0.
T axis maximurm
[} 2500.

F axis maximum . 123108 —
D 1.2:=10

Stefan—Boltzmann Law- P = e - A (T = T4
= 297393 (KW/ar)

1ox10% |
BOOODO [

SO0000 [

A (watt ,n'mzj

400000 [

200000

oF. . — S ]
] 500 1000 1500 2000 2500
Tsourcs (°K)

aal) 0,99 A8y 5 (g5 3 sall 5l ) da ja g (IS 5500 (oA il auadl 3 s Aa jy 1l
FRRECIR]

©51367.920 KW/m?2 Z8Uall ¢y s 5 JUiall b sUanal) aull oy 481 jiall Ml gy s o4
:ot\d\ JS..:J\‘;AC_,.@}A}AIAS}
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heat radiation
Sipesire fthress emissivity = 0:990

| Kelvin Calsius |
emEsivity @

|09

radiator temperature T

| sm.

ambient temparature T¢
s

axis limits
T &ds minimum
—

T 265 makimum

6000,
s A i Stefan-Boltzmann Law: P=e o 4 (T - T ¥)
- = 31367.920 (kKW/m*)
| sxt0 o oA
6x107
o
S dx 10’
:
B -
2x10
¢

0 1000 2000 3000 4000 3000 6000

Tionee= (°K)

Woltr wﬁ Hnoen hiohs M cl femonstrstionswotl

selalila ga AU AN ¢ 98l g 8 ) jad) JEY Wolfram gk » -5

Wolfram  leend A GY e zoajall @l PR e mabipll 13a Jads &4
Demonstrations Project Heat Transfer and the Second Law of Thermodynamics
‘é_am\j d}‘){\ e.uaj\ SJ\JAI\.AJAj‘\.SUaSD ):\a_ﬂ\ Lg_"\ﬁ):.ak_\;.\..uﬂ\ Quju\jum\ 32aL4l) )@_ia.\e'l

-2l @A}.\ ‘_‘,JL”\J\ dS:.J\J
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Heat Transfer and the Second Law of

Thermodynamics
1)
Aq B = 336
T K D 3 517
T, K —D o 244

T,=244K

_ Agq Ag _
AS = Tll + Tj = 0.727 J/K

(i) jlad) ¢ il Wolfram gz -6

Wolfram  Leul Al GV Jo zooall all B e mabionll 1 Jieds o4
iy Al il glaall g 401 32800 jelas 5 Demonstrations Project Ideal Gas Law Solver
Al & AL 5 el Aa s Y el aae g aaally Tl a3 Gas Y1 e A0 L e
da )Y Glaall (e laban o pall daall ) e ol [iter-atm ) SI Jie ilas sl past casy
A gl 3,LEY) e Jaraall die 5 281 Jiall Ul YA (e 5 AY) AN Ciliall a8 a0a S oDle

ol Case WS (=1 il oSl i day pd yeday A8 Hiall M) Jad Algs 2ie
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Ideal Gas Law Solver

L
sonve for [ (7]a]7] pV=nRT

L —
V —{——— & 22414
nﬂiﬂl —_—
T —}——— = 27315 P = l. kPa

V =22711 m?

n=1.mol

7' =273.15 K

= 0. °C

Y gall 230 g aSa yie 24,68 o ))a ana 5 (81K 301 .43 5 ) ja An o die harial) Gl 1k
s 2.15

Al & ghadll e Ll o5 Ja)
Sl ) Sle bzl -]
P laxall ) e laacad 13 aacall Glas gl o Ly -2

Ol 5 g 5 (s shally LgSna IS (o Uil (853 53 sl sl sy 80 Jial) 3l 5o -3
opoall by 8l ey il g g sl s+ ) e vl JMA (g
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Ideal Gas Law Solver

\5“\'«14,1[ \‘)L‘-\) wzal.a

units Iiter—atm
solve for @EIEIB
p[——m1

v —{}——= 2468
EB®E

n—{}——=s 215
EB®E

T —f——=& 321.43
S3[EY

pV=nRT

p =0.232817 kPa

V =24.68m’

n=2.15mol

7 =32143K
= 48.28 °C

oaddl) g lgai™ dialsh 5, sl Wolfram 7l 1 -7

Wolfram

lead G LSS Lo zaadall LEl DA e gelind) 1 Jai ai

sdull ekt A5 Demonstrations Project Latent Heats of Fusion and Vaporization
DD AnalS L) a4y osllaall salall o) Jad 4 g pee cany Al il slaall 5 2000
e Sle ssisa A element (e 25 gall pgad) e daziall JUA e il 25alSH 3 ) jall

: Al UK LS5 A Sl a5l el o Liial die 5 yealial
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Latent Heats of Fusion and Vaporization

element I lead - ]

temperature (K)

0 106 Qo6 200 0D EL e
heat (1)

400000

B iwal) e Al 8 40 ghad g I Jua oilll Wolfram gl -8

Wolfram L) @S\ 3_'1)5,3‘)]\ L.f‘; G}q}d\ )s_‘j\ DA Ca G‘“t'):‘n 138 L. . ?373
Demonstrations Project Nonsteady-State Heat Conduction in a Cylinder

a5 golal) LY abres el b Leine cony il e slaally Al 530 el 5
rolial JSEN b e WS 5 5 jinnall e ALl L (5l pall Jaem sill J s S e 0 el

156



iyiz Yl A e @ gy gunlall syl Ll @l glasy szl s

Nonsteady-State Heat Conduction in a Cylinder

L]
time [} 2 2500.

thermal diffusivity coefficient in mzis [ = 0.00009

U
B

AalUial) &) Jladl Augialina ga il ciliall Wolfram gl -9

Wolfram  leewl A LGSV e zoodall jall A e il 1 Jdadd o4
siUll Hedai o5 Demonstrations Project Statistical Thermodynamics of Ideal Gases
e gas AalS e 1) 3 sm pall pgdl (e Sl g g aan a L jae cang A e ghaal) 5 A0
Os% 5 B o dda U< Lbad) (e 5 dalladll 3)) all da 0y (Jhe e 20 o s
.entropy s heat capacity s enthalpy & ¢AY LY non L) e biall (= e

Al Jsall i LS
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Statistical Thermodynamics of Ideal Gases

temperature K B = 29815

S

show plot [nnne]enthalpy |heat capacity |Entrnpy]

nitrogen 7 = 298.15 K

enthalpy H°-H,° = 8.68 kl/mol
heat capacity  €',° =29.10 J/K mol
entropy  §°=191.4 J/K mol

gn IS 500 5l a a3 i L ga¥) T s W15 due sill 351 pall s (Y (g S aa gl 1l
.l bl oy

:Jad)
. NH3 _lisl 2 gas ¢« -1
Ledial oAl Julatunall (8 500 4US ) 481 jiall JMA e Bl adl A )3 a3 D

psis B e JS Cua entropy & heat capacity & enthalpy Jbis) s s labadall (i je -3
) ISl 8 LS5 il
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Statistical Thermodynamics of ldeal Gases

temperature K D S00

5001 =]
show plot | none heat capacity | entropy
ammonia 7 = 500.00 K

enthalpy H°—Hz® =17.79 kJ/mol
heat capacity C,°=41.45 J/K mol
entropy §°=212.2 J/K mol

H—HT (kT jmel)

4ok //’
ELS 7 -

F ,/
a0 ; /,/

- __/ -

s T
10 F /

TYE)
200 400 500 300 1000

temperature K D 500

500 =&
show plot |none |enthalpy Entrop}r

ammonia 7 = 500.00 K

enthalpy H°—Hp° =17.79 kJ/mol
heat capacity  C,° =41.45 J/K mol
entropy  $°=212.2 J/K mol

CpHTE mely

50 —
40 o

30

20

10

T(E)
200 400 60D 80D 1000
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gas |MNHz -

temperature K D 500
] D0EEEE
show plot |none | enthalpy |heat capacit_\.r

ammonia 7 = 500.00 K
enthalpy H°—Hp° =17.79 kJ/mol
heat capacity  C,° =41.45 J/K mol
entropy  §°=212.2 J/K mol

SI/K mol)
250

S e laad 5 jElwal) Al L8 aal) ) Jua gill Wolfram gl -10

Wolfram  leewd A LGSV e moadall il U8 e malinpdl e Jiads o3
Demonstrations Project Steady-State 1D Conduction through a Composite Wall
Balall 339 9o AdliAL Mg e (g siad Gliida 5 e malipll oS AU 32U jelat o
o bl xie 5 K1,k2,k3,k4,K5 Leibanl s pgas (o (5533 A IS (A L (51 oall dra 5l
223 DA (e oy A8 Jie o Lia) il goans . (MU ISl 8 LS o) gl jedai KT age
oA QlE e diad e (g ging Liayl 5 Jasall 81 jall da 0 st (o AT 48] jie g A8lall lada

- X1,x2,X3,X4, X5 dliaie A3l JSI jlaal) claw ypaa)
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layer conductivity in W/m K

k; | Plywood, 0.13 -
iz Fiberglass Insulation, 0.04
Common Brick, 1.0
k3 | Window Glass, 0.96
Corkboard, 0.043
ks Gypsum, 0.17
kg Hardwoods, 0.16
Rock, 4.5
Softwoods, 0.12
Slate, 2.01
Plywood, 0.13
| Carbon Steel, 43
layg Stainless Steel, 16
Styrofoam, 0.0332
Porcelain, 1.5
Aluminum, 250
Air, 0.024
Portland Cement, 0.29
— PVC, 019
wall narble, 2.08
Limestone, 1.33
WroughtIron, 59
Copper, 401
Asphalt, 75

eny
q, \
1

Steady-State 1D Conduction through a
Composite Wall

1
layer conductivity in W/m K
k | Plywood, 013 -]
k; | Plywood, 013 -]
ks | Plywood, 013 - |
ks |Slate, 201 - |
kg ’Hardwoods, 0.16 V]

environmental parameters

a, Wim? ——[}— & 25
To.C ——f{}— 1 25 Wall Temperature

layer thickness in mm r —
xp —}—— @ 479 25 b
x2 —{}——a5 C
X3 ——-l}— 5 20.:
R 15
xs —{}——m®a5 -

101

wall:

reiiin o sy : . - . : "L Dosition, mm
25
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oulall g 8 Jolall e ke EBE e S A laadl Gl asead B ) el Sl ye aa ) 1
401 WIm.°C ol dua i pulaill e sl 0.04 W/M.PC ol all alua i (38
30 a Aa 35 -44 WIm? o & pedall A8l 4S5 10 mm s Sl elli e Ak JS el
25 °C s

k2 k1 & fiber glass insulation s s Jol=ll ¢ 53 235 Jayer conductivity <lla e dall

10mm & 5 dada JSI elandl 3aa S5 Jayer thickness 25 k55 k4 & cooper sl s k35
Sl (Kl 8 LS il el

Iayer conductivity in W/m K
ky 'lﬁberglass Insulation, 0.041'

kg | Fiberglass Insulatior, 0,04 ]

ks |Fibergless Insultion, 0.04 |

ey ICopper, 401 .ll

ks I Copper, 401 _v_]
| environmental parameters

g Wi s |———— = —a,

Wall Temperature

layer thickness in mm
xy! -—J 10.
2y ——— |10
x;_;f‘v—;j’::‘ 10.
¥4 -—_j';' 10.

x5 —— | 110,

wallz

+ L Pecition. mm
30

Wolfram ﬁ Demanstrations Project demonsirationswolram.eam

Ol g3 gy B jiical) Al B3 ) ad) cila )3 a3 65 Wolfram g=bi s -11

Wolfram L er\ LAY e G}J}A\ Sl A e G—AU),\M s s K
Demonstrations Project Steady-State Temperature Profile of Two-Layer Pipe
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‘éja\d.“ u}umm}s‘)\ﬁ:\;)djdgg‘)\)ﬂ\ Jra gill g gi¥! ).L-é L_h.a.ic..o\_i).\j\ Craadaly
& oo LS aladly pladll Coaig (AL B ) all A )3 (G A8Mall s galid) a 88 s Al
ol JS)

Steady-State Temperature Profile of Two-Layer
Pipe

L]

inner pipe

radius, mm D 210
conductivity of material, k; B 325

temperature of surface, T; D as

outer pipe

radius, mm D 2 100
conductivity of material, kg ——D as
temperature of surface, Ty D 2 250

Temperature versus Pipe Radius

Temp. K
350

300
250
200
150
100

50

30l a 4a 535 25 W/m.PC A )l sl Juagill 5 23.95 mm okd caai Al il :Jba
5 4l ij\)aj\ d,gm;ﬂ\) 8695 mm o)l.-.\é —aal @J\Aj\ ‘—U—‘-‘YU 350 K ‘;J;\.ﬂ\ aala
bl Caat et A3 ) jallds jo Glas G sthdll 5 K ashiu 3 ) s da 503 W/m.C

Gl U 3 LS el 5 i) edayg gmalisal 3 JUal) 138 o Jaal & 1 Jal)
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tempersture of surface; T _} s

Temperature versus Pipe Radius
Temp. K.
330
300
250
200,

150

Wolfram ¥ Damonsteatiotis Projact demanstrationawoifram, com

dalews daiaa o Bl 48 3,1 el JUS Wolfram gy -12

Wolfram e ‘“_;d\ LAY e Gﬁ)‘.«l\ all PR e @u),d\ Jaa Jaads o
laa 4 Demonstrations Project Unsteady Heat Transfer over a Porous Flat Plate
Cla )3 sy i pall o g8y @l Prdisl s a8 )5 Adlasall 5 e 3l g iy Jaal allady i )
diluall 5 0.1 Ge ) Ladie g Ul (KGN 8 LSy Angiiall (e ddlida adl e i 203 5 ) al)
G DU 5 all An 3y AN sy psiy AN il ) LMAY die 5 5 Sy 5 0.4
ALl e (520300 3] jall da )3 ded Ll arg 5 Jlo an s Jsan JSG Sl Leplaay 5 A8l

(AU JSAN A LS5 0.44 ¢SS JUEall 1 By lanaat a3 Al
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Unsteady Heat Transfer over a Porous Flat
Plate

time - |;|

| flr)
0.00 [ 1.0000
0.10 (0.5430
020 (0.4062
g=00: 0.30 [0.3330
Bo=7T00 Fo=7700 | (04002642

T=0370 | [030]0.1920
0.60 [0.1197
0.70[0.0331
0.80 [0.0123
0.20 (0.0002
1.00 | 0.0000

n=0.850

T=0.370

0.0 032 0.4 0.6 0.3 1.0
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aealil) Juail

Virtual Experiments in Food Processing &Y aial 8 dulaal) o jladl) zali

Agale 4 a0 JS13 jlapadl da o A (e o gulad) o 5 58 dlae ol ol sals il 1 o 58
save flash gebi_» A maliLdll 138 zUsy Singh and Erdogdu (2009) J# (e aeas 58
& 25 50 Anead) jladll el 5 QU (8 Balall (e Al (8 S gase s dauladl el

.LabExperiments 4wl cala & a sl

salas Al g zeald jull il gSa

Sl 5 LabExperiments <alall (e 4 jail) ¢ 8 Jldl sy Jaall (& galisl T sstartup -1
38U Jull J) 8 daa sall startup il Jaslly gl fay i (B 26 K1 e 2 50 3l
A il 238 A8 322 (e

Copyright © 2000 fy Q45 Pross

Energy Requirements in Pumping
Windows 95/98/Me/2000/XP/Vista

R.Paul Singh, Ph.D.
Ferruh Erdogdu, Ph.l),

Warnng: This product iz not irtended tor incusthial spplications:

rh LA Ayl e gging (o3l JSE) 3 LS Ll day yi Jier 5 :menu bar -2
Al (e Lgalatis (N LBV 5 4y jadll e Caagdl e o545 over view *

A il Jsa cillaaSle U8 ) il () JAaY notepad il =38 p23% 5 :My-Journal *
Acbbll i print *

ZooAN I8 Jeny el (o) Ble ang 48 Aas M g galinall (0 z AN Exit *
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¥ Refrigeration Systems

Overview Mylournal Print  Exit

Ml | aboratory Overview

# Energy Requirements in Pumping
Orvarview  Edt Myldowrral Prick  Exit

M | aboratory COwverview

Dverview | Indusirial Systems | Frocedures | Theoy | ¥irtual E zperiment |
Data Analysis | Dizcussion | DOnhne Aesources | Heferences | My Journal | Exit |
Overview

Geal: When you have finished this laboratory exercise
you will understand
- the role of various components of a pumping
system in transporting liquid foods and their
influgnce on pumping energy requirements

and you will learn
- the key components of a pumping system that
influgnce its energy reguirements
- the change in pumping energy requirements
with respect to mass flow rate of the liguid food
and the total length of the piping system

2 ode) Sl daia sall AGLAN jedai ali sl Jaxy Lenic:| aboratory overview -3
&L&SJ:\.J‘)M\ w‘)w\wuﬁuﬁbj&w‘)ﬂﬁ.‘c D)) aaly

Aol e Gaagdl 50 JSS 123 5; OVErViEW *
-4l dalatiall 3 jea V) (a2 2 585 :Industrial system *

Gab e el Ay yuidall i Llee 3385al) Jaal) 45y e & shad i 15 :Procedure *
AS il 5 A3 gaall 5 = il

Al 4 hill saliall 4 =1 Theory *
bl sl 53 4 il 61 aY aasies 5:Virtual Experement *

el (e lgle Jiaaiall clilall Juladl deadiiall (33 phall sl caca ol 1 =1: Data analysis *
bl (A4 il
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bl Jidas g ibially ddleiall AL 4al8 JLass 5 :Discussion

Adlatiall 3 eVl cabiany dalall du 5 yIY) a8 sall (ndlic jelai Lead 5 :Online Resources *
Aol

Ao il Aalall Laladl jaliaall 44 el s :References *

LA OSan g A el (3lati cillaa Dl 4T aodiud s :My-Journal *

bl e z g Al Exit *

U)o baall xie 5 Ul JLaN) 8 LS 3 el e s laall 3a i 5:Control panel -4
(s A g yedal Cogun la s &3 ) Ay a3 jlawadl da 1 ASLS 48 virtual experiment
AUl <l Hal) A5 a3 JSI3 jlas A o) JS g il dglaall &l puatia 5 product gsll!

Sl ey IS8 o jedai s bl aanii s 4 jail) Ta Lele Jaruall vie :start experiment *
REPEEN

el & el o) jal (e Lple Jeasiall bl (521 4 5 :view data in spreadsheet *
3 sy lld 2ry s L a8l (Say AIAS g 4 i) 0 DA (S5 S mald (8 Jandl 48 5
oo o) Slolbia glolad) bad sy Jic At

stop 2 s bl (s A overview 4sls ) sasall aaas g :Return to overview *
5 gl (A Al Cilay) (m al 58

3o g b JB) ae b jlagall A g 183 521l ass 1) 138 :view data in spreadsheet *
Al

menu bar &3 s8 Jay i (e S SIS 5 gverview ) 83 g2ll aaddud ¢ creturn to overview *
OVErview s asall jLial
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W Frying of Foods

Crwerview  Mylourmal  Fring Exit

=% Control Panel - Frying of Foods

Operator's Panel —Input Full Thicknezz of the Slab
17 178 K=l 10 |
Full Thickness [mmm) 15
0/ -] o = g ! e &
2 i ﬂ J ﬂ 20
|
— iStan Experiment; EEh""T o
VEIVIEW

I A
Inibal Temperatra Ol Termperabore
['Cl ['C]

M oizhra Frying  Tra
Cantent [%] [min]

Ealdl il o) al

vanilla pudding &5 s siall gl adl paibad yaas — LIS La gl g ) gal g3 4 25 -1

reological properties of foods - determining flow << LabExperiments ¢~
A mad 3yl startup 4ils =ias Ca s rheology. exe << properties of vanilla pudding
L il e Caagll overview‘gj@kﬂj&\_ﬁ\ d&ﬂ\‘;usjw)x\ G_a\_'u._d\ PRI )@_2.3594?353
Bn g2 ) ol A (i oy RS 0 Cigusd il (8 Al A il (g Loie 4 58 s
Aa o il 43 A gyl Gal &A1) bl rheometer Jlea Jlasinl alaiin Liayl 5 25030
A sl gl Al e 5 ) sall

@ V) dalrs  dulaall da dl o 1) (el 11 ) Lo Gaw industrial system e bzl xie
Age gl e 3 jlaudl g3 ) aniial Cilaa g 40 Y) sl Gililee v

CO s 3heaVl sda aaly Lilaanay Leia JS 32085 daddiicall 3 jeaM) (o alide 2ae Slllia g
Culall Jia 4 g 5 gill ALl 4330 daa o1 55l al sadl Gl Jeatisdl) axial rheometer
AS) sl S e g ddalalall () snma g Sl 5 A5 55 sill e 9 4gSLAN iliae
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"3 Rheological Properties of Puddir ]
Overview Mylournal Print  Exit

# | Laboratory Overview |- |[-@ “ﬁ&l
Overview I Industrial Systems I Erocedurtis_] Theory I Yirtual Experiment l
Data Analysis l Discussion Online Resources l References ] My Journal l Exit l

Overview

Goal: When you have finished this laboratory exercise
you will understand
- how to measure rheological properties of foods|

and you will learn
- the use of a rheometer to measure rheological
properties
- the influence of temperature on rheological
properties

coaxial rheometer Jezivall jlgall 3 ) ga jedai cpaddl Jaul 34 sall (-.@_...J\ Sl baaall aie
0 skl s sl o al (e AL Aisel) in i Cm Sleall b Asel) in Al e 48 Lo s
JSall 8 LSy lsall ¢ jadl et slhaall o 3ed) (o Jilall & gl )l Gal sl 580 e s

.Sl

5 odidall 8 Llee Aall 305 yiia g )l e Jlaaiuil <l gha jelai procedure e hrall vie
e sl Ol Al shaul elae 8 Lgin )85 (s slall (e 4aaS s g sYringe Adall ddau) 5
AS e ) geas enda sl ae AN JISEV) 8 (e g8 LSy Al (968 ) gall ¢ adl J1 30 S
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=3 Rheological Properties of Puddings
Overview | MyJournal Print  Exit

531 =

7| Industrial Systems =N ==
Overview l | Industrial Systems ] Procedures [ Theory | Virtual Experiment
Data Analysis I Discussion Online Resources References My Journal Exit

Industrial Systems

In a co-axial rheometer, a rotor revolves in a cylindrical
cup. The liquid sample is in the annular space between
the rotor and the cylindrical cup. The rheological
properties of the liquid influence the torque required to
rotate the rotor.

0o
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© === Al SR =)
Overview I Industrial Systems Procedures Theory ] ¥irtual Experiment
Data Analysis | Discussion Online Resources References My Journal Exit
Procedures

3. Lower the rotor in the sample

0©0e

) nae o) e Ao aill da & Lale alaie W) o3 Al &y plaill jedas theory L) (e baaall die
Aalzall s s Hersche — Bulkley diases ale JS&y caiay dig signll pe il suall Gl sl
Al
Tk (dv)”

O = O, i
o dy
el 0y 5. 1 — 0 G 4t 25155 clad) sk a5 (pa-s) el sl el Jhar K o i
e Jaa sall aldinly Allall adll Jaza 5 il sleal o A8l day J aodiil yie gyl & guiadll
sl Dlea (e Lo diaaiall bl aladinly G 5k 50, A sl )l al 2l

da )y et (Say ihal o Al s kaddl Aa b jelas virtual experiment e bl e
Crve s LaS 5 ) il Alia) Jlaninl ) Lgs ) AR 3 55 o) Wl (5 530 35 — 5 (pe 50 al
A i e
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F3.+ Control Panel - Rheological Properties of Puddings

[ perator's Panet
. : Vanilla Pudding
Wanila Pudding:
1.0
Temperature [°C) I25
- 08
5 T4 v| 3E°C
4] 1 g
0
StarlExenment View Data in Return to g 08
o CiPENmEnN’] | Spreadsheet Overview 5
= 04
@
z
in
0.2
0.0
0 1 2 3 4
Shear Rate {1/s)

start  de bl & e 25 OS5 all Ax o sl Yl G5 Loadll ol ) (ks
2L JRA 8 e WS 5 Gl Jara g gl dlga) (g A8al) a3 el il o 638 experiment

B3+ Control Panel - Rheological Properties of Puddings
[Cperatar's Pangl . .
: : Vanilla Pudding
Y anilla Pudding:
300
Temperature ['C
perstue (0 a5 250 —
5T 4 v| BT w
< | g -’__/
w200
- View Datain Return to @ / .
Start Experiment| g o adsheet Dverview £ 150 // # BRIT(CyEs
g
2 100
2]
50
0
0 20 40 60 80 100
Shear Rate (1/s)
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6“(«14.1[ OLAA) wzal.a

el (B Jaall &85 e bl jedas s s view data spreadsheet (e baall die

: ) JSEN 3 LS JuSY)

@ Datal
EEEEEEE
| AT [Exp-:1
| A B C D
1 |[Exp.1 1
2  |Temperatu/25
3 |Shear Rat¢Shear Stress (Pa)
4 10 135.58
5 20 161.9
B 30/ 18045
L 400 195.25
8 A0l 207V
g B0  218.73
10 70| 228.54
1 80| 23747
12 80| 24568
13 100] 253.32
14
15
16
17
18
19
4| v [ Sheet1 /

CSays .print (e Lgields SIS @l ¥ by )l (0 SAVE A (e dalally Lehais (Say Lia g
virtual << overview _J le baall 2% 3 (55 30 e 3l s daja A1 4 e ¢l al
cllall elas a5 view data spreadsheet << s s 30 3l all a3 JIAa) 5 experiment
el Ol 8 LS g SV ey 3 Janll 48 )5 e
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| A B [= D E
1 [Exp.-i Exp.:2
2  |[Temperatu/ 25 Temperatu/ 25
3 |Shear Rat{Shear Strd Shear Raté Shear Stress (Pa)
4 10 135.58 10 135.58
5 20 161.9 20 161.9
B 30 180.45 30 180.45
T 40 195.25 40 195.25
8 50 20777 50 207.77
9 60 218.73 60 218.73
10 70 228.54 70 228.54
11 g0 23747 g0 237.47
12 a0 245 68 an 245.68
12 100 253.32 100 253.32

;Y ek data analysis << overview (e Jaxcall oy bl Jilas a jal
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6&‘1-\-“ \‘)L‘-\) wzal.a

Al Aapally Al sale ) 5 Waa 4a 15 o3 (53l Hersche — Bulkley di sall a6 -1

In(c —a,) =In(k) +nlin (@)

dy

USNUMBMM\TR)\‘);“&JJ}R@M\ Q\JM\QU}an\I\é\LMhﬂm}_Q
| Sl (5 slal Lgade Jsemnl) o5 ) A Al DSl g Aa an

Eq
o, = 0.0001713 exp. (—)

RT

0, O sunall adll aladind o)y JaSY) a8 B4 Al 6 dine g dad s dlee )
Sl JSal 8 LS5 Jaall 385 3 In(0 — 0,) G0 sas CsSE (S

LA A B | c D | E
1 |Experiment 1 | f=0000 +
2 |Temaerature (°C) 25 e e o b3
3 |
=
{Shear s1ress for “h(86-36,73625)
|sheat rate of 0 was puredl
4 |detesmined as = 35.73628442 Pa
5 |  ShearRate(lfs)  Shear Stess (Pa)  In(Shear Rate) -
6 | 10 135 58 2302595093 459354
7| 20 161.9 2995732274 4829623
8 | 0 1€0.45 3401197332 4.967623
g | 10 195.25| 36868379454 5.065841

3085 (S QoY) (ol 22 s I (T2) 5 10 = 0,) O el 3830 s (5
: S IS 8 e WS (bl sl e ol a5 Jual 5 fineal) Jasl) Alslae

535
54
5.3
52
5.1

=
43
48
4.7
4B
43

In (G-,

e

y=03407x + 36031 &

L1

In{shear rate}

LS 5 K el sl Qi Jiay clabiall ) sae e acdaliill a1y lall gl b By Jaad) (o G
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B |~ =l S - A | I =1 | I
22| ([ /| =exp(G25)
23| Based on the Trend line egdation:

24 | n= 0.3407

25 | In(= 3.6091

26 K= 4510982 Pa-s"n

Dlie Lgidilia (g ) & el Jsa Al gali sl = ks discussion L) esle daxaall aic
Saldl) s slad 3l jall da )y jiae K 5N af e as (486 -]
Kosnad o)) allda o )il sale -2

ZUE juac fudal ABlal) cilithie — AliLud) 38Y) il dg an )

pumping liquid foods - energy requirements of pumping << LabExperiments ¢~
IS Hedaiy A5 5 3 a5 Wl startup 45U =385 Casw pumping.exe << apple juice
A Ll ilall ey Lavie sa 5 Cangll (s overview <l sise Led jeday il A Sl s
clllia o Ly il ALl 426V Ji5 8 gocall da glaie 8 dalidall il oSall ) agdin iial)
Cilillaie & il y A8l clllas e s il s gecall G glaie i S Liay) alaiiy gl ddlls

i) e shaiad S J ghall g AL 2336 M geall AiUa Jaeay Alea 5 goall 2l

el Jalaa (A 420G Glleall (e & AL 43 Y) ia o) mia o industrial systems (2
il 5 Adime (e ()5S Aaanaall goall A sliie Gl Al ) adge (e ABL 320 Y1 Jail 300 Y
IS5 Aanianall Clialal) g Cilaiaall (oany lllia Cilelora s T apesi s o Sl Jia fitting Leilisle s
Jie diliie ciliale Ly @lliag S5al ce 3ol claiadl Jie Sl guaill 8 sl
U O S sl el e ghaie A Aeodiuall reducers Claaddall g Gleliadyl g Clalaall

TG 083 e dlia s Jle o gl (e Aalie 5 ) i) aladiuly 4alad)

dalaball (ysamas el Jhe da 3l e ) il aadiud dus sall Aal Y1) 3 Ciliiae Gl
giliale 5 aimall £ 53l L JISEY) masis
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Water #aws from the eye
of the pump, thinigh tae
rotytng impefer, imo the
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The impaliars wm In opposite
diraction.

006

Jl suall J83 da sl cauad W gl alla g geaall 8 cilallaie (uldl 4 40,2l O procedure s
A ) gladlly o5 Alaad) Ayl ¢ AN A 5 Cilialall s Adaall e shaiall Jadi

A3 el s AN Gl A s clialall g Aaaal) (e 4 S ) A ghaie cual -]

.

|
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Fardiaall clialdll g iy 23 5 pmanll JESH lojad) Jana s fecall gl 5 o gui¥I kb ol 2D
clialdl 5 3 al e 53 Uall Adl) s g M JSEN 5 i) Jsha g

Okl Jaray oSaty
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Slia 5 sanitary pipe > w5l 5 steel pipe @Y sé sl Ll (a4 2l zali (1
g st e g sVl Jsha s AN Qs Jara s ucall g a5 s,k Jie 5 A1 @l jla
(W) )l geall il Jaas geilisl  cliaLal

L)) 50 e Al Janll Sy guall il shaie aranal O Gaw g3l theory L) e bl xie
A iy Aol aadiad ia jal 13g] 5 28U

PEL U SRR S S
9z, o 2 =92z b 2

é\h‘z’\ z, 5z, 5 (Pa) 251 Ahaall) aie Jazazall P, 5P (m/SZ) ==Y Jaaail) g &
F s (m/s)2 51 omdsall dic Bl eldallde ju v, 51, 5 (M) 2 5 [a8sall die (50 sanl)
JLl e3all BES p 5 (J/KQ) Aeghaiall A Aeadiiall Glaalally Ay dags AdUally i)
(B e 1aadl ) A gaidll Aol 48Ul o 5) Adadll Al s aiddl Jadll W5 (kg/md)

S dam AUal) asd 8 o i lialall g sl J ol o) (J/KQ)

il 5 4 il e skl da o el s virtual experiment e dascall oh 4 2l o) 2
steel pipe nominal size 5s) & elbow 90° standard ¢Saly clialall Culiall (3 gaiall
Juas9m sa Meld W25 cm sa5 eV jhi Jia) 253 el Jao) dblaad) Bl A

. 30m <) Jshas 1 kgls SSU gbal)

Foall ala cilallaia ekt calculate L) e il sty 3 jlarall As 6l 8 o3l ) Skl JIa) 2a
CSary, AU JSEN 8 daim g & WS 1 Kgls ool Jas 2ie 158,25 /s (o2 5 Ao kil
S s Joha e ddlise a5 15,10 Kg/s (o ddlise (s Jare sl 4 jaill sale)
Cme sd LS5 Jgan JSG e 4y a8 IS il 4S5 my journal e baall 5530,60,90 m

olial JSa 4
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I

B+ Control Panel - Energy Requirements in Pumping

Friction Losses for Standard Settings IW Operatar's parel
M Ella, S, sty Lesio =) Steel Fipe Mominal Size em)  [25 4 |
[vw Elbow, 90°, standard: Le/D=32 3 a5 7E
[ Elbows, 907, medium sweep: Le/D=2E |T|:|tal Elevation for Pumping [m] |E| ﬂ J ﬂ
[ Elbow, 90°, long sweep: Le/D=20 1 100
[~ Elbow, 45°, gtandard: Le/D=15 |MEI$S Flow Fiate of Juice [kg.-"a] |-| 4 j
[ Tee, elbow, entening branch: Le/D=70 1 100
[ Tee. elbow, entering tee run: Le/D=60

_ LLength of the Pipe (m) Bo |« | il
[ Tee. coupling. branch plugged: Le/D=20 : i
[ Gate walve, open: Le/D=7F

|T hearetical Purnping Fequirement [J/z] |1 58.25

[ Gate valve, half open: Le/D=200
| Globe walve, open: Le/D=300 ;
~ argevabe,cpen D=0 ||| Caloulale || - Hetur to Overview
[ Diagram walve, open: Le/D=105

| File Edit Format View Help
lImy Journal

Experimental Results:

Trial Mmass Flow Rate (kg/s) Total Pipe Length (m) Pumping Requirement

1 1 30 158.25

2 5 30 6679. 59

3 10 30 44769.72
4 1 60 220.14

5 5 60 12093.29
6 10 60 82506. 84
i 1 90 282.02

8 5 90 17507.

9 10 90 120243. 96|

a5 8 yaa s 5 plasadll dn sl 53 g sall ol puaciall w it JDA (g Ailida o jlat ol al Sy
ol e e

slall g & 9dl 5 ad) JUESH Jalaa Last — Jasll 5 ) al) JELH 4y a5 -3

convective heat transfer - determining heat transfer << LabExperiments ¢~
LV amy 43) Caagll =y overview (. hValue .exe << coefficient in air and water
Al el lidad 43 ) al) J Jalae pubisl agdi o gae Alanl) 4 il (4
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J\Aj\ ;M\Jaﬂ)ﬂd\}&dm\ &\}@J‘@M\JDJ\)&M d\i\.\\ d.q\.uua:\sﬁu:ﬁ\.mg\ ?L—ﬁj
gl — 5 ) el Ay Skl Jeadl 3 ) jadl JEsl Jalee 3paa3] 40K A ) 48y jla aladsiad
Jlaw) LSAIML;.&JL}‘)S\L;Q ;\}@J\} cw‘.‘:\.c‘)u} c\}é\} ;N\BJ\‘)}B\;JJJG:\M\(:;A‘)_.}SUJ

Jeallis sl
& Mantisal) Gliaiall e ) gualls Aaia ga Cila glaa zali il axy industrial system 4
Jratilly Jaall 48 jha als il i o3 procedure s . 4l

aaUal) u\@dm'&dud);;q)\‘)ﬂ\aﬁu\a_u\yu\ :L\‘)Ja.d\ g C‘)‘&("‘:’theory‘)‘)cf}
i) 3L = Al

daT
Ah(Tm - T) =m CPE

G sl el € 5 (M?) Gasdadl dalal A 5 (W/M2OC) daalls 5l sall Jl Jabas h
03 (S) el £ 5 (°C) 8kl 5 ja A 2 T 5 (°C) damdll @il 5 a4 2 T, 5 (J/kg.°C)

i oSle ) Allad) JalSs
<(T—Tm)> Ah
In|—2 )= ——¢

(Ti_Tm)

Q) Jalaa 3p0a3l wadias Jall s . £ I ((( T.__Tm))) O A8l s ) A& e h ) AL Sy
b LS55, pall

B (slope)m C,

h = I

Jkiad s virtual experiment e daxcai Gl o) sa Adalis 508 S & il meals ully &5 jaill o) 2
20 LW 350 A 525 95°C AV 551 el As ja5 20mm kil iy still air cooling
Sl Sl s ) jedas start experiment e Jaxaall &3 °C
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B3 - Control Panel - Heat Transfer Coefficient

‘Operator's Panel
Medium
£ Hot " ater heating) 100
& Sl Air [coaling) \
o 80 [
" Forced Air [Coaling] e
o \\
‘Properties of Aluminum Sphere and Fluid Medium ';' R--.._
= G0 e
IHadius [mmn) If ﬂ J ﬂ "E
|5 mm |4EI mmm E’_
E 40
@
fInitial Temperature [°C] IE +
|Medium Temperature("C) IH 20
0
500 1000 4500 2000 2500
TSR View Data in Return to Time (s)
. Experiment | Spreadsheet Overview

.view data in spreadsheet e baall JUA (0 JoulY) & 8l Ay (San g

C7 2sanll (8 pa | JouSY) i o e alaie YU llball Bt ) jal (S data analyze o

 ye O, . e (T-Ty) . . ((T-Ty)\ = .
A IS 8 i Al 5 3 s I (Ti_Tm)) S D7 2 seall s (m-rm)) Al
| A 8 C D E F G
1_|Still air
2 ITi(C)= 95
~ 2 Tm (°C)= 29
, ﬁ R (mmyE= 27 I(t_"“)/(t._'"‘) :
B Time Temp . .
7 ol S5 705 TO0A T3] D DB /1t
! 8 9.639 95.324] 100432} 0.004311
S 19.277 95.161] 1002147| 0.002144
10 289161  94653| 0995507 | -0 004503
11 3B8.564 94.465| 0592207007113
112 48 153 94 733] 0 96440003565
1 13 57 531 G3.765| 0S283547| -0 01653
1 14 67 .47 94.307| 099075]-0009283
15 77.108 94.155| 0S838733|-0011331
16 86.747 93845 09845| -001552
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A S ey Cam sl e Alladl ol o €5 I (220 ) sl Lk o

(Ti_Tm)
01 y = -0.0003x + 0 0063
0 R =0.9993

= 0
= 02
E 03
E 04
E 05
£ .06
07

08 . ; . . . |

0 500 100 1500 2000 2500 3000
Timwe ¢sh
) dalaall e N dad ol g
_ (slope)m C,
A
- sh s sl (883 g gall Aalaal) (e 7 s diall 5 A slas 2 003D M Cp, A 28 O 5

.0.0003

(s (o Al Jolal) b sl Cphast — Al ) ciolaall &y 25 -4

Heat exchangers - heating milk in tubular heat exchanger<< LabExperiments ¢~
8 5)oall JlEn) A8iSee 48 jre & Aalead) o jaill (e 3N ol abisd) Cpu Overview <<
@ loal) Jaladd) (ge 7 Al il 50 a A 20a (oS aleiad gealisll e Ll (51 all Jabsall
osSaall G yadl 53 g il o3l sill lyadl 53 g sl e ()l dalaall (o CEDUAY) SIS

Aloall YLl asanal b JSH el Qi Jalea 52

A ) palls Lelee A8y 5k Ayl pall c¥alidl ¢ 58l dli ll (= y=y industrial system &
4 theory b5 osalls 7 8l Jeall 435k zdbisll (i 2y procedure by AS il
bl i Lgle slaie W) 3 3l Y alaall geali ol

473394_\);33\ c-\)a\e..tg;ﬂ\Q_\}.UY\C}Jﬂ\é)\ﬂ\ddwﬁjyyyéu\dm‘
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Gsi¥ls 3 om ookl caal (Al V) ghall o)l gl e soloa dabe 1]
42 350.5 kg/s «udally 1 kg/s sl elall SN Gl 2l 10m A gha s 2em 5 _kad canad )
sl 355 day cawal 4 OC Jalal) cudall 350 a da i 90°C Jalall gLl 3 )

BN ulall3 ) s da oz Al Al

:Jall

o2he | JUiall 8 53 g sall e slaall (iS5 3 yhaall da 5l jedaié virtual experiment e Jaxa
O o Galudl el 3l ja da o of Al jekaid calculate o daraiai 433 jlanall da 6l 8
37.47 °C & )~ Jabaall (e z S sl 3 ) a4 505 73.38 °C (2 sl sl Jakdl)
Jbll gl Joha ae sl g CALW elall (e JST 5 ) adl A ja n Z8all sy el ) o gl

il JSA LS5 (sl Al
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B3+ Control Panel - Tubular Heat Exchangers

Control Panet
& Parallel Flow Cuter Tube Radius (cm) ’3_ ﬂ J ﬂ
 Counter Flaw Inner Tube Radiug [cm) ’2_ ﬂ J ﬂ
Forah [0 ] i o
|MassFIDwHateDHheHntWater[kgr's] ’1_ ﬂ J ﬂ
|Mass Flow R ate of the Milk (kgs) ﬂ

|In|et Temperature of the Hot W ater [°C)

|In|et Temperature of the Milk [*C)

Results
Temperature change along the heat exchanger
|Dut|et Temperature of the Hot YWWater [*C) |?3.98' 100
|Dutlet Temperature of the Mik ['C] |37.474 -'"‘"—-...____
e
;6- 80 ——r— ] ' HotWater
e
5 60
)
il
@
E- 40
// / il
0
0 2 4 ] ] 10

Length (m)

LDy Aliaa 53588l aufl) oDle ) Ayl jal) cVal) iy e slie YU ) Jsaal) JeS) e
(e Adaal) adll auial o)) Jsa aledin)
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Qg&thQAA{)&QLALka

Milk Flow rRate (kg/s)= 0.5
Milk Inlet Temperature ("C)= 4
Hot wWater Inlet Temperature {("C)= an
Hot water Flow Rate Hot water outlet Temperature
(kg/s) ("o
0.5 ?
1 7
2 7
4 7
Milk Flow Rate (kg/s)= 1
Milk Inlet Temperature {"C)= 4
Hot water Inlet Temperature {("C)= ag
Hot water Flow Rate Hot water outlet Temperature
(kg/s) ("
1 7
2 i
4 7
B 7
Counter Flow Option:
Milk Flow rate (kg/s)= 0.5
Milk Inlet Temperature ("C)= 4
Hot water Inlet Temperature {"C)= an
Hot water Flow Rate Hot water outlet temperature
(kg/s) (")
0.5 7
1 ?
2 7
4 ?
Milk Flow rate (kg/s)= 1
Milk Inlet Temperature {"C)= 4
Hot water Inlet Temperature {"C)= ap
Hot wWater Flow Rate Hot water outlet temperature
(kg/s) ("o
1 7
2 ? [
4 7
& 7

Milk Qutlet Temperature
oc)

1l il in] 1],

Milk outlet Temperature
+c)

tad i i in] e,

Milk outlet Temperature
oc)

1] i in] in] =,

Milk Qutlet Temperature
Co

ind in] 18]

lad) (B LY Cpduad — S 9l Cpdal) Jama Jal 9o wpaat — LYY qulai &y 25 -5

canning foods - determining heating rate parameters of << LabExperiments ¢~
O e s overview<< CanHeatTransfer.exe<<conduction - heating food in a can
il (e Lgala 3 Lo Lal Ay piiaal) Llaall 4 jailly Adaall 206 W) aial C3S agdi gali )
dabhie 85,0 all da e Jgeanl) 48y 5k g culeil) Jalae b dlexivsd) ainill 53¢l £ 153 o
3 al) da oy Calall Al 4 gaall il ead) Alee JDA (3 L) Adaiill) o dadl Gpaal

il ey Al Je cadiidl) Ja 93 ) ja da jo CaDEA 5 iiall 44 6Y)
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Glady o oo g culadll Jalaa 8 dlaaiisal) ai2dll 3 jeal ¢ 53 (i je 24 industrial system 8

A £ 158 alial) 8 s gy yeiann abna ol s ilady e abne Jiay Cpad) e U JSa
A8 atall 5 A ) seally Llee 46y g Cilainal oy

ST=4ILATC

rate Iy jiidall 8 Jeal) 44 Hha s pall 2 e procedure (2

48 pm g 2 il o) Al Sliiada o Cua el Yl i 68 25 theory (A
Al Y alalll

1
log(Tm-T) = -f—ht + log(Tm-Tpin)
10g(T - Tu) = -t +10g(Tpic - Tu) |
z‘éJ‘ATpih 3 M\ dda.afh U—‘EJL.,S\ J&QBJ\J;M&;JJT 3 OM‘J‘:"“‘}BJ\J;%JJ :Tm

A Y1) ad) A 5o Tje i) s 5 3 ) s Ao )3 Ty el il s 5l A1 5313 ) )
Al Jame o 25l Saiad dpes Sl

Lo s Jn e dsand) (S Gpdendll/ay il Jnia g

_ Tm } Tpih . Tpic - T'rr
- =

"= Tm-Ti Tic - Tw

%)ﬂ\aﬁ\mm@jy‘c\iﬁd\ﬁ‘)\)}:\AJJTmM\Lﬁ\mm@uﬂ@}y‘ BJ‘)Q\:\;JJTi
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plzall 3 )y A o Lgd g 4y il e 5 )l As 6l Hedal virtual experiment e bl aie
g Sl slre LedS 23 ddall a9 401 W15 ) sl A o5 Cpdndill (e 55 2 5l B ) s s
demy (S alill I i)

aé‘)ﬁj 40min. U:\;uaﬂ\ =5 20°C .A,)J.\.ﬂ\ 5 A :\AJJJ1150C ?s"‘d‘ 5 s :\é‘)d il 1)

iyl o3 JA) dmyy aieil) (g ) s o sllaal) 211*304 ddal) a5 250C 3 51 5,1 al)
C Al JSal ek start e daxazall 5 gali sl )

Operating conditions lor can 2177304

[imitial Termperature [*C) |25 e

|Heating Tesmparaturs ['C) 1115 & T-1
|Canling Termperatune (*C] |20

|Hualin;| Tirne [rmir] |4IJ F T2

50 yA \::\“ 7 T3
_—

& Medium

Heal Tranzlar in a can Temp, Scala ["C)

Temperature [*C)
=
/

o 20 40 B0 B0 00

[Tirne [rin] |ag.aa

| WView Data in |

g prsadzhest

Haturm o Dvarview

Jganll a3 Al 3 ) jall da ja G A8al) sy dimd GULW Jula dolee uia 63 o5 analysis A
AN ) glad ) Cuay UL Jalat o Audeal) 4032 W) (8 Jaa il il (e Lgle

Haturn to
E xparimant

Bloadl As 53 G A8l (e oo o ) (el Jara ¢ @) gall JSI il 5 Hul) Y ara s
e 2l Jae e Jseanll by il 2 3 g e )l

LS5 10g(Tr-T) dabeall 4sd 5S35 JanS) (8 Jaall 48 )5 8 23a 2 gac gt o ) Hlual
.l e

— A B
1 12117304 =

2 |Retort Temperature (°C) ns
| 3 |Heating Time (min) 40 |
4 |Cooling Temperature (°C) 20

5 |Initial Temperature (°C) 25

b |=Io 115-E9
7 a( )
g | Time(s) T log(Tm-T)
9 | 0 25 1.95424
10 | 47,48 25 1.95424
1 | 95,494 25 1.95424
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iy Aailae p 4y lele atue i Je Jeasi g e W5 10g(T-T) O A8 sy o &
o8 WS 5T iy ol ) sna an dadalii 5 aiinsall ol el 5 ainaal) s 3all fay Laie (a3l
s Sull gl

logiTm-Tpik)
rd

P logiTm-Tik)

legiTm-T)

] (5 u] 1200 1800 2400
Time (s}

Il (S iisall ¢ 5l o305 10G(TrreT) o i A8 JonsS1 i ol Tok Bila) (305

2 y = -0.0004x + 2203
e 1.75
.E ®  log(Tm-T)
%, e —Lizear (gl Tm-T)
s
1 r v T
0 00 1200 1800 2400
Time (s)
Sl ISl 3 LS5 s iy b s o adaliil) i 5 Jaall Jlaniady
| LE F | G | H | | , J
32 Slope of the fitted line {1/s)= -0.0004 /| =-wH32
33 fth(s)= 2500 _I
34 log(Tm-Tpih= 2.20,/|=10°H34 |
3 (Tm-Tpih)= 159.6" 15135
36 Tpik= 44,
37 jh= 17 =[NS-H36)2{115-25)

Vsl b dsha ) UG Jalaa apsni — N1 (b o1 AN &y 27 -6

moisture diffusion in foods determining moisture << LabExperiments (-
e85 overview<< MassTransferDiffusion.exe <<diffusion coefficient in a potato
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ey 438 zalipdl Ll piaally bt Gulee (N4 A28 Y) 8 sl ) 800 oS galipll o
5 3paaT 5 AL Y alaal) Jleands it IO U} e 8 el L1 (alas 20a3 CaS
JE) Jeany Cua el Jia J<0 ALK 53 ) jal) Jmi) dudee ga caidadll o)) i 63 24 theory
:\AJJA\J&J\F\JJ.;AAJ\?\A;:\M\%@J;J\&JJS;:\S\&_\MAQ‘;AMm&_\gjn_\;w\‘d\‘)‘)a‘)\)ﬂ\
;\)@J\ :\5); 33l &= Clala ‘dﬁﬁ\j E_)\)Aj\ i) Jalaa o13al) 95 &J\;j\j J\AJ\ ;\}@J\ Aﬂ.})&:\s

il () paddiy g
it a3 3 L sinn |y 50 el il 8 oLl L1 Jebaa s i) T o) ABSI) (i) Jalace

6 sinall e e (sdel Cadadll e ) maail deadiiall Y aleall doaae Jgls g dalide cOLlaT Slilia
Balall gl (g simall A yaadl) Jaee paadl o 4UN Aabeall o slaall (e 31 A o122l gl )
Al jue = 6l ld 43)2ad)

L fra-1t
per

sl M (Y skl s siaall M )l siall (2 sk ) s siaall Mg 335kl L) dalxe D
(S) el t e (M) (Haad) 7 sl lass | (pmn g0 die (2 5da

b ssisaly 26.38 gm Waladl die (555 10mm Uataddl dag yd claw 58 Ladie
e) sl 3 )y da )35 5090 o) sell Aasill 43 5k 5l 5 1 M/ caiaill o) 8 e a5 80 % wWh. (Y
sl PR e agh )l g siaall Al sl | 240 min, QS cadatll e35 60 °C
skl (s sinall A g ¢ 3l

Sle bl s yhaull Aa 5l A oDle ) ULl a5 virtual experiment (e baai Jall o) 2
(AU JSEN 8 LS g e W5 ) 6l e A8l sy il 5 588 Start

A —Af, R Z‘:‘:I 1
—r=— % |————=ex
M, — M, s w1 (2on-1Y >
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5.+ Control Panel - Diffusion coefficient E@

rOperator's Panel

Start E i t
[Thickness of Potato Slab [mm) ]1|:| R G
fw'eight of the potato zample(g) ]28_38 View Dala in
lIriitial rmoisture content (2] w.b. Ex B0 4 | | v| 80 Spreadsheet
Jair Welocity (m.'z) I 1 4] - v| 25 et
[Relative Humidity of &ir 7] [50 S [ | B || Overview .
[Temperature of Air [C) ]El:l 40 4 | | b | 100
]Total Dirying Time [min) ]240

20

2!:&

20
_\-____---
_---____—_. , E}{p_1

Welght of the Sample (g)
o

(8]

] 5000 10000 15000

Time (s)

A€ e Jaba 7 pd mdill o 58 b5 analysis data &5 return overview e bacall
O b il (s

NER PRI u&\ujj\wu\éc@)k}\djﬁd\fmuum
m,, = My,pXm

mg =m— M,

m—mg
M=—x100
mS

A Apal) RIS 1 5 a1 (5l (e sl il s simall M, 5 Al b oLl AES
A L) RS 1y % il il e s s il M

AN ) gl andio Ay jaill il (pe A st )l L) Jalas yasil
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CEA IR 5 S5 my, A sV Al ol RS Caueni -]

E5 sl 8 A sY) Al b Abeall ABS s D

CLL4AD b pagis M cila Gulal e osha ) s sima () e ) S35 iy st -3

D11 4al [I\IZ_—IZ;] sbl s siaall Ao s 4

50008 22 el T G ol ok ALl (g aifianal) ye ¢ 52l

6 5_ysal) ailama ol Al JIA (e aaiesall ¢ 3all Jaall 2337

:\:\S\ﬂ\ Aol %) L;_ajla)l\ J\.ﬁ.\ﬁ‘}]\ Jalasa s -8

L
D=——=-Eﬂpa

i

M —AS,
In|——=
[MI_ME}

where lope —
T
e '
A B C D E
1 Sxp1
2 Thickness/mm)= 1C
3 Weght(g)= 26 3¢
4 nitial Noisture Content(%) 8 mass of water 21108
5 Air Velocity (r/s) mass ofsoids 5276}
f Jryng Air lemperature('C) > -
3 Syuilibiurn Moisture Contem{%) 03 I SO Rl ees 10 I
9 Total drying time time (min) 24¢ q
10 Time (=) Weight (gl M dry h:-tqm&(?’:atm n(IACratic)
11 0 26.38 400 1.0000
12 57.831 25713 337.3573469 0.9684 4).03215646
13 1°5.663 25437 3321265111 0.9553 -0045771093
14 173494 25228 378.1084155 09252 -0056356044
15 231.325 25047 374.734%475 0.9363 -0065330765
16 209.157 24305 371.7399545 0.9293 -007336514
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262 : ! o 1
263 0
264 0
265 21
266 |
267 02
268 |

|

|

\

000 1000¢ 12000 20000

205 0.3
210/ "
21 ol
212

213

204

215

216

21

a7

218

280 - v TPl ~

261 Thickness (rim) 10 /1 e i )
262 | Slups fiun yopl -0.00004 /

263 Ciffusion cosfhcint L023E40°

y=-4E05x- 0.174
A= 03997

MQMJ%&#JJS“WQ&bdﬁ&gﬁqﬂ_@$w\ﬂm1dﬁaﬂsﬁhﬁ_7
JUas

Kinetics of nutrient degradation - determining kinetics of << LabExperiments ¢«
overview << Kinetics.exe <<ascorbic acid loss during heating of orange juice
L90R) pualiall (5 sina 8 uaill 48 e s Aulead) Ay il o) ja) Caa ol (i AALE el b 2ay

ovinail) Aglee Aagmddey)

Sy A IR (s siaall 8 il Gandil S all Jladll ardied CaS ala alisd (e s
Jie e lelall 48 a Jalse o Jpandl oSy (s oV el (e Jeliil) il ja Caua
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=SLOPE(B3:B9,F3:F9) k! F13 4l i -18

=F12 wbl F14 4130 i-19

=ABS(F13) mbl F15 4dall & -20

Alaill v ) SCATTER <5 D3:D9 5 C3:C9 LAl Js 2]
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“__Ao(H) - vo{M/s) | 1/7h0(1/M)  1/vo(s/M)  Ao/vo(s) | wol/ho(1/s)
2.00E-05  1.67E-06 50000.0  598802.4 11.9760 0.0835
4.00E-05  2.86-06  25000.0 349650.3  13.9860 0.0715
6.00E-05  3.70E-06  16666.7 2702703  16.2162 0.0617
1.00E-04  495E-06 10000.0 202020.2| 20.2020 0.0495
200E-04  6.50E-06 5000.0 1538462 307692 00325
3.00E-04  7.40E-06 33333 1351351 405405 0.0247
S.00E-04  8.14E-06 .2000.0,  122850.1 614251 00163

‘12 |intercept = 1.03E+05 Intercept  9.95E+00 Intercept = 9.71E-06

3 |Slope 9.91E+00 Slope ~ 1.03E+05 Slope -9 64E- 05’

A4|Vmex (M/s) | 9.69E-06 ¥mex (M/s)  9.72E-06Ymex (M/s)  9.71E-06

15 [Km (M) 9.60E-05 Km (M) . 9.6BE-05 Km (M) 9.64E-05

Lineweaver-Burk Plot

1/vo (s/M)

1 !
//
- a.5 i 3
Al v

-100000 0.0 10000.0 200000 30000.0 40000.0 S0000.0
1740 (17M)

. l

43l ghaat) Gl (e (5l Al laBal) Jull Jslad) Lad) -3

AL A3 V) (e Adliae g g3l 5 Al Jail Apde W) Jalaa (A Jleainl) ALl 43 glasa¥) sy
oaddia 0 g e Bl padl JEE G S o) g Asdle a5 Jo A o) Apde ) Ja o Ladie
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¥l kL A (N sola Gae <y i Jenal Taall o laall paall (e sl U
130°C w53 a0l wlad 3 5) a Aa 35 18 WI/M.OC Al (sl Jsa sl 8 om (a1l
253 O g Joadl e Al ) 3 ) s da 53 0.5 WIMLOC 58 bl (s )l oall dea sl

Uil s ) 130 5 yial) AN 8 i) laa & ) sl QUi Jaae cana 20°C 0
(ol o slladll g ) pall da sill ) sSau 2S 90 % laia 5,1 )

(5“ M\ Jaa @Mﬂj\ DJ\JAM dhl!\ Aolaa

T-T,
Ar Ar

— | +

k'ALm kAI

m/2-3

g, =

1-2

& Ar ¢ Al Je J5all s Al mland) g DU A8l mdaid) 3 ) 2 da 30 Ty 5 Ty Cus
3-2 52-1 m?ile sl dalual Jass in Ajy s W/M.OC ol doa sl Jalas k¢ m el
(sl de Jokall g i) el A1 jads

idenll 48 ) 5 Aa

AL:BY.aan s

el el All: A17, Lal a2

= B3/2 uip1oaty i3

= B12+B2 bl B13 4all i 4

=B13+B5 .LiB14ida) is
=2*PI()*(B13-B12)/LN(B13/B12) okl B15 33l -6
bl B16 &aall i -7

=(B7-B8)/(((B13-B12)/B4/B15)+((B14-
B13)/B16/B6))

: ) S 8 LS il jelis I3 say
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6“\'014.1[ OL‘-\) wzal.a

Thickness of pipe, m

nside diameter,m

f 0. 02

k_steel, W/mC

1?

Thickness of insulation, W/mC

0.04

G k_lnsulatwn WemC

“|Temp inside pipe surface, C

0.5

et v Ay oy e A

130]

|Temp outside insulation, C

25

_|Pipe length, m

1{

Solution

lInside radius, m

AN SN AANAA NSNS

AR AN AN AN ARAAMAR S AR AN AN

004

“|Interfacial rad1 us, m

Outside ¢ radl us, m

A_logmean 1 2’ S

- 0.06]
0.1
0.31

|A_logmean23, m"2

0.49

_ 17 |Rate of Heat transfer, W

What-If

631.02

Goal << Analysis© << data 438 (1« Goal seek Y! PRET 2sal) Jaledl J jall law pasil -9
(S lall e yeday << seek

&k! By changing cell &5

245

Goal Seek

2=

Set cell:

63

|

To value:

|

[

OK ][ Cancel ]

By changing cell: l——

63.102 @21 ikl To value 45 $B$17 set cell & b

ok kil 2 $B$6
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VB T R

il Thwkness of plpe m et 0.02)
_|Inside diameterm ~ 0.08
| k_steel, wimC 17
"5 |Thickness of insulation, W!mC ~ 0.04]
6 |k_insulation, 'w/mC N i
7 |Temp inside pipe surface,C A 130
8 |[Temp outside insulation s 25
"9 |Pipelength,m [

A AN AN AR AR AR ASAARAARASAN AR A AN AR

11 [Solution “ I
12 |Inside radius,m = 0.04
13 |Interfacial rad1 us, m | 0.06
14 [Outside radius,m 0.1
15 A Jogmeani2, m*2 031
16 |A_logmean23, m"2 049
Rate of Heat transfer,'w 631 .02

Aaiis ale aled US 13U fuall pa o latlly Jaad 4001840 o8 5 ool e sl Jiay 5 Goal seek ¢
) ) oDl JUall g A Al Jaad Al GYAY 5 AN 0 dday G JauSY) (6 dipall
055 O g gl al) il Gl 90% haiey daill o2a Jliil5 631.02 W 58 ¥ (e (5l
s sl oall Joa sill Jalaal 428 giall Aassll maas Ky Goal seek ¥ pladinly s 63.102W

0.049 W/m.°C s loall dlua g4l Jle HLidl ah o g

s olaad) da g3 jal) () a8 LA Adaluy gy Addiiual) ALl ALY LB 5 ) al) da ya 5uil) -3

J) Jalee | Ul Jlanils haall 50 50 (m s Al s (A 2l juae (40 0,26 M3 1tk
b sl Al mhdl s ) (s Jua¥) dalise 5000 W/MZOC o il deally 551l
30 all Ax j05 3.95 kJ/kg.0C 4e &l 43 ) a5 980 kg/m® (& _raxll AU ¢ 1,57 m?
sl J) Qe 3 il 85 . 95 9C L) 5 m Aa 35 25 0C o _ysemall dliy)

syl A s e eyl Jeall

EJ\);J\ :\;JJ ‘):1:3:\.;.»\).3] 2\_)!\_4\ Aalaall daias - sl
I:I T e-(hﬂfpcp'if}r
I,-T,
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Ti ¢ CC A5 ma 3 (A5 (pre o) i Bl gadlda )3T ¢ OC Lol L 11 8 )l ja 4 )31 T
?AAJ\ ¢ kg/m3 Qm\p ¢ W/mZ.OC d.najl_t SJ‘)AM Jet) Jalzs -h < °C :\:‘JJY\ EJ\)AM :\é‘)ﬁ
sec. M it em?

rdand) 48 ) 9 daa g

B Jeo 48 )5 =38 -]

LUkl g o sbiall audal ATIBLL (e WIS 422

B0 JS (50 0SBl s e e el AUS 1) A12:A24 LAY 43
Aslaall olal B12 340 b -4

=B$8-(B$8-B$7)*EXP(-
B$4*B$3*A12/B$5/B$6/1000/B$2)

B13:B24 (1 WAl 8 B12 4l ¢l gise Zudl -5
Lagin 483l s ) SCATTER (05 A12:B24 (30 WIAD & Sl Jeaindl -6

Baaall 5 el il el Jaladall 8 sl i el s B4 AIAN a6 ) el ) Jales e -7
el Gl Gualll) (il
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Given:

Yolume (m"3)
Area {m"2)

0.26
1.57

Heat transfer coefficient
wW/m~2C)

5000

| Density {kg/m*3)

980

“|Specific Heat (kJ/kgC)

3.95

| Initial Temperature (C)

25

"8 |Steam Temperature (C)

95|

10 [Solution:

11 |Time

i

| Temperature |

25.0

629

47.6

73.3!

80.3
85.0!

88.3

904

91.9

92.9

936

a4.0

94.4|

NN IN NN
SRR

Iu.lwl‘;ﬂ" g ] Pt ] o] o

o
]

2l

s

ol iad el

|

Temperature C

600

s
s
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Macro gSkall

i Sy Sl il e ) RISl n (pma ol 225 Ll o Bl a3} B sane 58
Aﬂld)dﬁ‘bﬁbwzﬁb‘jﬂﬁd’wj@uhmaw ;\_);\ j\ Slasall u;uRS);J\
Al e 5 Sl Jdsy

s 9Skall e L&)

(Ul eal) aa e seday << record macro << developer L »& o

Record Macro |i”£

Macro name:
Macro2d

Shortcut key:
Ctrl+

Store macro in:

This Workbook |E|

Description:

Taiall o3 Caa gl 5 SL s (S A3k 9 (o301 JLaia¥) liba s o QL) and dpan (Sas 45
c s Sl et Gl ) 5 ety Cua 5 pSLall ddalis 50 Janasil) oy Siie 50K Sle

Cla) Flide o jall o e 5 ySLall Jaand a8 5o IS die W3 sllaall yal 631 i aay
(ol

Button _J st

AU ) sladl) iy g ySLall Joanls oy agle IG5 oLl i il

|
Insert

form Leew!) 40U A8l Janii agudll e arall Mie << " Insert << Developer
Y (e Adlina g 98l e (s 5ia3 5 controls
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| Form Controls

= BF a@me
I’_"]Aa & ablEE EH
‘ ActiveX Controls
im FH G 8

He AE R R%

e insall a5 Jaall 855 @ g (ol I a3 Sdde Sl 51 ede aal sl S
o By a4 Assign Macro 4ewl LAY ) s a je yeday conall 3l e e g aad)
. 0K e ball 5 s g SLall ol e Jaaall JA (e 05 ) el 5 SLally

Assign Macro Cell=

Macro name:

%ul;lrl-acroé ﬁi—} Edit

Macro2 | Record..

Macrosin: | All Open Workbooks El

Description

OK ][ Cancel ]

Design
RAJMB)}AAJJJ‘JAQUAJ’J Mode &M\ééu@@f&a)&.\)}\)@kﬁﬂjm
LAY i) 48 X 5 edit text DL s Gaadl S8 A e 3 dsend (R

:Jlia

Jsaadl e Al o su ) IS o culall 4 ) ja g 38 ldiall s 10 58 5 jSLe oLl o slladll
s Sul
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iyt Wl i i @ gy g lall syl gl @slall ylasy seals
il daPa sl Al daamls ol ARl Bt Wim oG ) e g K 5 1 Bt i3 20
22| 11303 22| 1A0TMET 2 0.553893565 2| 3870.788266 2| 1016.78
42 1.00E-03 42| 1 47094E-07 4 0577388812 4| 3880 37%8 420 101158
52| 6.45E-04 b2 150073E-07 bl 0587217268 2| 3886.421874 b2l 1006.91
72| 281E-M4 72| 154363E-07 1 0603335847 72 3901.067793 720 100192

Saall a8 5 e Jganl) 138 Gelibay o i -
Aty 5 ySle il ) e aill -2
s SW Gsle) 8 Sl as )l jeas scatter AA) insert ¢y sl oadl dAs s da g3l JUa 3

Design (e hial & 5 yStall dduil o sllaall 51 JSG 58 insert << developer ¢« -4

. Mode

L oald L)l s s 5 Sl ety Jsaall 333 5a ge Adia JSTo3le ) il ghadll a3 -5
Gl bl a1 el 515 (e daacall e ool JSEN 3 e s LS 5 Abn U< )
o) drasil palall (Sl s Sl sedass 5l Al drasill ) e bl die Layl 5 L
(Cldaall 4ad dailly 138 5 J oY) ansll A5

251

A B Cc D E F G H | J

1 SjaliagPasia,f] 3talliasmos saladl JSEL Al D3 Wim °C (o ad dan 213000 A2 | kg K Lo 58 64 al 350a0 23] kgim3 43250
28 22| 173603 22| 140734E07 2 0.553893565 22 3870.788266 22| 101678
3 42| 1.00E-03 42| 147094E07 | 42 0577388812 42 3880.367968 42| 101158
4 52| 645E-04 52| 150073E07 52 0587277268 52 3886 421874 52| 100691
5t 72, 281E-04 72| 154363E07 72 0.603335847 72 3901.057793 72|  1001.92
8

: - — — ——

E _ faww | Pa.s 43 g3l

190 sl Juasl 200503

180503

11 o tal 3N

2 sttt Ly | 160508 .\\

13 s 530 51 a1 140503 N

14 12003 \

15 PR 100503 \ e

16 300504 \

17 6.005-0¢ \

18 40050 Ry

19 200504

20 0.00E:00 -

21 0 20 40 50 80

2
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A B C D E F G H I J

1 BAARGPasihol AN G am2s s lAl LA T Wim °C 2 jab dom a3 And 432 dkg K i3 550 3,080 43 kgim3 2]
253 22| 173E03! 22| 140734E-07 22 0.553893565 22 3870.788266! 22 1016.78&
3 42| 1.00E-03] 42| 14709407 42 0577388812 42 3880.367968 42 1011.58;
4! 52| 6.45E-04! 52| 1.50073E-07 52 0587277268 52 3886 421874 52 10(5.915,
5 F 72| 281E04] 72| 154363E07 720 0603335847] 0 72] 3901057793] 72| 1001.9%
B

7 _— ”

8 2 W/m.oC ) Al Jaa sl

1% sl all Jeassl 061

:12 slall sy | 0s //

13 izl 3 lan 0s3
15 ey 053
16 /
: 057
,,,,, 055
19 s

20 0S5

Pivot Tables 38,8 Jglaa g 4l 4,51 <il) J glaad)

A ) bl o oty o 585 a5 At sl UL g daaall 48 )l ULl () 585 Laladinl S0
Ao o Lgagd (S A e Al sas e () (N as 3 )
crushed tomato , peeled & Claiiall (e (e sl Glaal Sk 2208 Jiay JEl Jsaall 1l

s Chen lea clayall 3 lal e sy Guadi] 1995 51994 Laa Gule Hlae e tomato
Rodriguez

s34 aatil Pivot Tables sl South America s Pacific Rim L aull Jishia g
Adliae 3y Jglaa JSE lad L slaal
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A B C D E F
| product year Quarter  sales person Region Units sold

2 | peeld tomato 1904 1 rodriguez South America 3447
3 peeld tomato 1904 1 chen South America 1223
4 peeld tomato 1994 1 rodrizuez South America 864
5 crushed tomato 1903 1 chen Pacific Rim L)
6 peeld tomato 1945 1 rodrizuez Pacific Bim 8634
[ crushed tomato 1994 2 chen South America 4326
8 crushed tomato 1994 2 chen Pacific Bim 6564
9 crushed tomato 1993 2 chen South America 43585
10 crushed tomato 1995 2 chen Pacific Rim 677
11 peeld tomato 1993 2 rodriguez South America 543
12 peeld tomato 1995 2 rodrizuez South America 3433
E crushed tomato 19935 2 rodrizuez South America 6630
14 peeld tomato 1945 3 rodrizuez Pacific Bim 4535
15 peeld tomato 1903 3 chen Pacific Rim 343
16 crushed tomato 1904 3 rodriguez Pacific Rim 8673
17 crushed tomato 1993 3 rodriguez Pacific Rim 7565
18 peeld tomato 1993 3 chen South America B84
19 crushed tomato 1995 3 chen South America 1233
20 crushed tomato 1903 4 chen Pacific Rim 6733
21 crushed tomato 1903 4 chen Pacific Rim 8364
22 peeld tomato 1993 4 rodrizuez South America 6786
23 peeld tomato 1903 4 chen South America 8399
24 peeld tomato 1903 4 chen Pacific Rim 4578
25 crushed tomato 1993 4 rodriguez Pacific Rim 643
26 peeld tomato 1904 4 rodriguez South America 360
2T | crushed tomato 1995 4 chen Pacific Rim 6543
28 crushed tomato 19935 4 rodrizuez South America 4322
289 crushed tomato 1903 4 chen South America 7343

:Jad)

AR ) e 5 oMol a ge LS bl s J bl o slie bl ALIF29 G LAY i -]

b)\.&‘ djd&j\

%
PivotTable

e el << PwetTERle gy g ) e Jral << T << INSERT _ial -2
OK << bl JRal) 2Ly PIVOT TABLE 4cs i s

253



iyiz Yl A e @ gy gunlall syl Ll @l glasy szl s

Create PivotTable | ®=]

Choose the data that you want to analyze
@ Select a table or range
Table/Range: |Sheet1!$A$1:F629. (e
(7) Use an external data source

Connection name:
Choose where you want the PivotTable report to be placed
@ New Worksheet
() Existing Worksheet

r — e

Location: | 7 | FRs |

NN

I Weme it Pajilnas  Forwasi Quls Beview  Gw Deseiogel N L v - x
Pntlasie Mame  Acove Mt 9 Guplannee | o, M =5 > > 7 = K > ™ 3 |
I E R R RER FF B % =]
PetTated @ Ungreus Al | == cA “ - g‘ iZ) | = .J‘ - = | |
2 Nad | g, , il € | Peverh Chasge Dels | Oeat Selerl  Wiowe  Sowadsr  Shaow heeLless, Mt 0L " ret |
& Opten v | QyFid Semagy LR i el e+ > oot . < fwallabie | Viehort By - ekt A Blen s U rm Preeden|
Ll L4 v &re =Ty e A s o
Al [y =
Al A B T ) E | F 1 I ] J K 1 [ ) O ] FnriTabte Frckd Lt v x
L &
i Dvomze faths 10 8 © 1opert L1
3] orcass
4] Pret Tl Ko
8] il e
6.1 To bk n repot, chooss fekds s o
T | from the PivarTatée Fasd List .
A it sl
9 5
0
nl =
2| B
13 =
"
1
6 L
7l ' Fepat w 51 Colen Ltele
'.R‘ |
19
20)
i) IS8
27| 12 Rowlance £ Ve
23}
el
25)
] |
b 'i 7] et Lapont Lpcs
At ¥ et Sheet] Steet2 7 i 2 g
ey | 13| (MO E s (=) 5] .

e Al e e 33 g gall g gliall sland Ao @il (33 5k e o ghiall g aae W) daat
Al 5 gaally o sioall 5 aae YU dualall ciSlbiveall i Leadl ga ) Lpans s Tasall e
. SALESPERSON -l (i saall s PRODUCT U 3aee ¥ sl o8 s ) &) 8 LS
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@alall glasy szl s
F G H | | J | K | L | M

year (All) 4 PivotTable Field List v X
Sum of Units sold |PRODUCT |~ Choose fields to add to report:
SALESPERSON ~ |crushed tomato |peeld tomato |Grand Total [@] product
chen 47782 15929 63711 year
rodriguez 27833 36811 64644| | [FQuarter
Grand Total 75615 52740 128355 [¥]sales person

[C]rRegion

Units sold

Drag fields between areas below:

N Report Filter
_year > _product |
HE] Row Labels ¥ Values

salesperson ¥

Sum of Units ... ¥

Defer Layout Update

Update

: 1 JSEIL Jgaall el Gogion W saae Y15 saee) ) Casioall g gad (S

G H |

R <) L

year

(All) [+

Sum of Units sold

salesperso|~

product [~ |chen

rodriguez |Grand Total

crushed tomato

47782 27833

75615

peeld tomato

15928 36811

52740

Grand Total

63711 64644|

128355

255

PivotTable Field List v

=
Choose fields to add to report: 5 Y

X

product
lvear

Quarter

sales person
Region

Units sold

Drag fields between areas below:
Y Report Filter e

Column Labels

pycar. aé

salesperson ¥ |

HE] Row Labels > Values

Sum orijnitsr... b 7

Defer Layout Update

Update
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By Ml Aania @9 dggguladl syl bl

Gadl s sl 3y b e e D Quarter A8laal J3A (e Al dspally Jgaall jledal (S
dhcmﬁ‘gu\ dS..IJ\J aJSJJALoS

F H]1JJ] K | &t [ M]N]J]O] P | a |
|year (Al) []
Sum of Units sold |salesperson|~
|chen chen Total |rodriguez rodriguez Total |Grand Total
product [+ 1 20 3 4 1 2 3 4
crushed tomato 990|16352| 1233[ 29207 47782 6630)16238] 4965 27833 75615
peeld tomato 1223 1428|1327 15929 12945| 3976| 4535/15355 36811 52740
Grand Total 2213|16352| 2662( 42484 63711 12945|10606| 20773| 20320 64644 128358
PivotTable Field List * X
Choose fields to add to report:
[¥] product
[ vear
[#]Quarter
[¥]sales person
[CIRegion
[¥] Units sold
Drag fields between areas below:
W ReportFilter EA column Labels
year - salesperson
Quarter "/
HE Row Labels % Values ""
product A Sum of Units ... * H@]@E 100% C

GiaYlielba . ABCD

Jie (e e ddia JX1 e pd ddea g lilnll cnilS 1) W

ENTER ol Liall 5 =CODE(AL) 1l ¥ IN& (e sl ) Ll ga s o5 JanSY
o) AN 3 5 LS5 AL HER 3 panll 3 5 Rl el
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A

B

|=70-CODE

A1) |

[N I I I S P TR L Y SR
QO moO o M

=70-CODE
=70-CODE
=70-CODE
=70-CODE
=70-CODE
=70-CODE

(

(A2)
(A3)
(Ad)
(AS)
(AB)
(AT)

(VS dagmll el
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| 4 A B
s 1
2 B 4
3 C 3
4 D 2
5 E 1
6 |F 0
7 G -1
) ) g2
LOOKUP -1

ansall Lt alaxin) IS5 L) LOOKUP Al | Cia (g 5l 2als o (530 (g Wl dad aa i

. Array —uall 5 Vector

.}‘h\jdw‘j\h\)dmdh‘;é}d‘

=LOOKUP(Lookup_ value, Lookup_ vector, result_ vector)

Aagiill 4a 50 23y Lookup_ vector <l 4 5e 3 Lookup_ value Lie s (Al dagdll

2 Vs Laelal 45 e (5 6S5 o) ey Lookup_ value 4a sl palie ) result_ vector

:Jba
A8 - # =LOOKUP(4.91,A2:A6,B2:B6)
A B 1
1 | (Al s Qo
2 4.14 e
3 4.19 S |
4 5.17 Sl
5 5.77 i
7 S ) s g
JEPE i B A g B agenll e Al a3 g A genll 3419 Al e Bias
8 ) ) s
P o A g B agendl e daill aeig A 35eall 35,00 Al o Bias
9 o
G B asenll (e lgie Ji & 3N Aell 8ty A aganll 47 66 el (o Sias
10 _ Sl s b g2 Gl
11 #N/A el Aed gl e i haall o Uad aeig A dgendl 30 Al oo Cas)
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& @sall ad (pa e g i g 520nl) Aaill Cia (o JsY) 2 gaall ) Ciall U iy ieall IS
aall e Al 3 gendl ol Cauall

=LOOKUP(lookup_value, array)
array <=l 2 lookup_value 4l e &
HLOOKUP -2

O 3 gandl i 8 Aa a3 Glld dry g il (e Ciia o) Jsaad eV sl 338 e Caad
.QJ.\AM }‘ d}&ﬂ\éd&&j‘)&

o 6 mall gall 8 3 gee 8l 5 A5 i) ad 585 Lesic VLOOKUP lasiad s cilildl J son
r Sl S il Ly 881 23 HLOOKUP (& H bl Jgas

=HLOOKUP(lookup_value,table_array,row_index_num,range_lookup)

(= Jsas table_array 5 .dsasl e ¥ Sl A lge G Vil o Jookup_value o
- Opedl) (G bl (e bae Lali (i je 0580 5 stlaall Glall e 448 s (5311 5 Dila sl

o Gahaii Al Al 4k A% g3 g table array & skl 285 s 5 row_index_num
dad e Ciny HLOOKUP 8 13) Lad aaati duslaia Aad (e 3 ke range _lookup .ol

L sl sl Bl
VLOOKUP -3

Mna dsae e pad) udh e dad dxy g Jsandl e jlenll Bl 8 (3 3 ganll A0 (e din
Sl S g (52500 Siay HLOOKUP (30 Y2 VLOOKUP paaiad, Jsaall &

= VLOOKUP(lookup_value,table_array,col _index_num,range_lookup)

table_array s Jsaall (e Js¥) 2 geadl A lgie dinys il daidll 4 VLOOKUP_value Cus
iy el e baebial (i e (58 5 @ ghadl gl e 408 S (23l 5 Dl glaall 0 J 520
o Gt Al dell e s 53 s table array 2 2sexdl 4 525 col_index_num
JXSa 5 table_array 8 Js¥) 2 geall 408 =i col_index_num=1 deid Csll

el 131 (g Ly 588 (3UaT dad 2 vIoOKUp OIS 13 Lad 203 4 akaie 4a8 (e 3 ,Le range_lookup
€ 13 alad Eanll Al Cpe il & )y 5 SY) A Aal) () Lol Aiilda dad 2a 5

Las LasC#N/A 2lay aa 58 ol )5 Le AU 4 ol range_lookup=false

Jla
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A12 - £ =VLOOKUP(1 A2C10,2)
A B G

1| Aduy 45 30 5
2 | 0457 3.55 500
3| 0525 3.25 400
4| 0616 2.93 300
5 | 0675 2.75 250
6| 0.746 2.57 200
7| 0.835 2.38 150
s | 0.946 217 100
0| 1.09 1.95 50
0| 1.29 1.71 0
11| Adall ) sy
12| 2147 | Dhudl s o B Sgaell o il dpg A 3gaall (31 G Ciny

(13| 100 sl 5l Go C dgenll o daill Joys A Jgaall 31 Jo Sy

14 ENA | #EN/A Tl ol YA 3 genll A 1gd Alillas Fiad 20 6 4T Cymg A 3peed (20,746 Bl Sy
15 #N/A H#N/A Tas) day I A dgendl 3308 (5 (30 09 0.1 (W3 A 230l 30,1 deill (o Cny
16| 1.71 il et (3B gend (o Al 2y A 3endl (A2 Dl e aay
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Blaal) (ash (e cliln gl

g Gl Ll s Uil 33 m i) il (a2 (515 58 6) 55 BSUaall 5k (e gl
Al 5 4, el slaa¥) 3k

S5 -28.58)a da yo i 14.7 KI/KG 52 Lol asll 5 )l all (5 sisall Jaza o)) Caale 1312
CAloall As jall s Cad gy aal Radad D) (e Al e el 4y ) jall S giadl) 2a

:Jad)
SOl G sinall AT AlAl) 8 oS ]

&= ek << ok << Random number generation <<Data analysis << DATA (< -2
Sl )l

E
&

Random Number Generation

Number of Variables: (1 | | OK I
Number of Random Numbers: [ 20 ‘ | Cancel |
Distribution: |Norma| E] | Hep |
Parameters

Mean = 14.7
Standard deviation = 1

Random Seed: l l

Output options
@ Output Range: SAS2
) New Worksheet Ply:

;ll i

I.JTI:I

() New Workbook

Gy pamhall a5l UG 620 Waae JUall A5 o sllaall addl) dae gl juaiall dae 48 iSs
dsand) A aill jelain OK (Ao darcall a5 A2 (845 Cila Al 2l g0 23235 14,7 58 5 Janal)
1gd 5 ) e Anlad 3 gany 5l 22 45 plie () je (o (5 583 l8 Y o2 (15 Aad 20 Laae 5 A

& =ROUND(A2;2) :\¢iava Al ROUND alall Jleainly 355l axy (35 je () L
B sl 3 Ly ol e e L

Dl m e sedas << ok << Descriptive statistics << Data analysis << DATA (x -3
s Sul
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Descriptive Statistics (9 | @
Input
Input Range: $B51:$8521

_ Cancel
Grouped By: @) Columns
O owe

Labels in first row

Output options
@ Output Range: I §cs1
() New Worksheet Ply: | I

() New Workbook

Summary statistics

Confidence Level for Mean: E %
[C] Kth Largest: 1

[[7] kth Smallest: 1

$CP1 A 4amlly Columns Juisiy $B$1:$B$21 (o2 5 lilll e 4 giaal) LA daas
e baall 2595% 4 5 confidence level for mean s summary statistics Ui

54 (959%) 48 (s siaas 0.157 5o s baall Uadll 5 15022 58 el Jaws siall () Jaadlis 0k
HO U=y e ) sex ey 14.36953 515.03047 o ey asiall Lo siall o 5 0.3304
(S 5o 7 LAl el SLaaYl

=(D3-14.7)/D4

: AUl P-valued) cauas

=NORMSDIST(D17)

HO Uiy axxd 520138 50.05 (0 S 250.9794 & P-value ol 4de
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iy Yl K mia @8 g panlall agylagglall @alll ylasy seals
| A | B | C | D |
1 Kitkg wobad g Kjfkg ot al sl Kl coslondl g5l
2| 13.73072421 13.73
3| 14.14622004 14.15 Mean 15.0225
4 | 13.98235411 13.98 Standard Error 0.157890493
5 | 1576838343 15.77 Median 15.225
6 | 15.83665237 15.84 Mode 15.29
7 | 16.09091753 16.09 Standard Deviation 0.706107752
8 | 1570971647 15.71 Sample Variance 0.498588158
9 | 14.38613565 14.39 Kurtosis -1.06815385
10| 15.72382501 15.72 Skewness _0.368792679
11| 1529218337 15.29 Range 2.36
12| 14.01850653 14.02 Minimum 13.73
13| 15.15539764 15.16 Maximum 16.09
14| 14.7137311 14.71 Sum 300.45
15| 15.61479023 15.61 Count 20
16| 14.78175334 14.78 Confidence Level(95. 0.330468601
17| 1529291324 15.29 Z= 2.042554894
18|  15.45486005 15.45 P 0.97945174
19|  14.48996925 14.49 Ho gid, i 5o 4 1y P <0.05 ol L
20| 14.95175154 14.95
21| 1532133495 15.32

curve fitting <idadall (U

Cilag 3o & sama s Lsall iy all alaiiod 300 gl Zpualy 1) el o L) ) (3l a) (e
Uilae) (inia Juadl o) Liiall ey yall 2y jlai (il sUane Sliky o & e 23 a8 (Guadail cUadY)

Ao gaaa e (sladl) S i) Cilay e g sane JB any (g3 Aaial) @lld g (3udas (Al
Al dagd Jeoad &y saill amy o] ) 2e (2005) 0 o oxae Sl JEL sUarall i)

e Y daig]

i i 2000 die (e 4038 Y) gibeai Cilana Cilaiial (3 gaal) dad dpasd & 5 ALl L) e
2010

AlJ| 20000 2000 2002 2003 2004 2005 2006 2007 2008 2009 2010
Gl I 25 VRE 1 1B 1 8 45 S w5
:Jad)
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el © & [ | & [F &
Ll gsuldas

2| 2000 3 o) Ao

[ 2] 2001 25

4| 2002 ] 7| %

5 2003 75) | &5

6 2004 7 4

| 7 2005 13 | a0

8 | 2006 17

B9l 2007 29 |30

10 2008 46.5

11| 2009 50 |2° /

12 2010 495 | o

Lo, Hf/

14| 0 ' ' . - ' ' .

15 1998 2000 2002 2004 2006 2008 2010 2012

16

el O A 3 e gl i) sl o3a 5 S Gipa JSE e iaiall ¢

f [:t;a,b,c :]:1+baeﬂ 1>0

1z paill Lagle: (3ulaiy 38 slanall L) (o g

x =f [:fi -a,b .c :]+€f_,f =12,....10

AU @l Jaadl 48,5 8 Cllnll Jax Al ¢ 5 b 5 8 alleall 2 et 5 ALl SULA (e
o) et LIS & sane angis Jlaall 480 4 S B2 4dal) Jia s D2 48l (e J¥) Sl
iniall) jially Lol ds s oo 4308 2000 Aind) Wil 1Y | E13 4l 3 (E2:E12) el
G mall A ansyi5 €=1 5 h=505a=10 allaall 45l af Jaxis (Lheall (g oy o) ang utiasn 1)

sl Sl LS5 (Aaall) fit ae
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A B c | D \ E F

1 4l base year (sl dad fit errer

2 2000 0 3 =§F$15/(1+SFS16"EXP(-SF517°B2)) =(D2-B2)"2

32001 1 2.5 =§F$15/(1+SFS16"EXP(-SF517°B3)) =(D3-B3)"2

4 2002 2 4 =§F$15/(1+SFS16"EXP(-SF517°B4)) =(D4-B4)"2

52003 3 7.5 :$F$15!(1+$F315*E}(P{—$F$1T*BE}} =(D5-Bo)2

6 2004 4 7 :$F$15!(1+$F315*E}(P{—$F$1T*BB}} =(D6-BE "2

7 (2005 & 13 :$F$15!(1+$F315*E}(P{—$F$1T*B?}} =(D7-B7y2

g8 2006 6 17 :$F$15!(1+$F315*E}(P{—$F$1T*BB}} =(D8-BB"2

9 2007 7 24 :$F$15!(1+$F315*E}(P{—$F$1T*BQ}} =(D9-B9'2

10 /2008 8 46.5 :$F$15!(1+$F$15*E}(P{—$F$1T*B1[}}} =(D10-B10y2

11 12009 9 50 :$F$15!(1+$F315*E}(P{—$F$1T*Bﬂ}} =(D11-B11)+2

12 12010 10 49 5 :$F$15!(1+$F$15*E}(P{—$F$1T*B12}} =(D12-B12)y2

13 errer sum of sequar =SUM(F2:F12)

14

15 a=10

16 b= 50

17 c=1

A B C D E F G H J K

1 | ddl base year (gl dad fit errer

2 2000 0 3 0.196078431 0.038 80

3 2001 1 25 0.515624132 0.235

4 | 2002 2 4 1.287537486 0.508 50 r—

5 2003 3 75 2.865860462 0.018 /-

6 2004 4 7 5219800734 1.488 40

7 | 2005 5 13 7.480005851 6.15 /

8 | 2006 [ 17 8.897281025 8.394 30

9 | 2007 7 29 9563940746 6574 /

10 2008 8 465 9835035655 3.367 20

11 | 2008 g9 50 9938673512 0.881 /

12 | 2010 10 495 9977351447 5E-04 10

13 errer sum of sequar 0

14 ;3#

0 : . : : .

15 a= 10 1998 2000 2002 2004 2006 2008 2010 2012

16 = 50

17 c= 1

Ul syl Ay =1 5 b=505a=30 suax ad U5 A

| A B c D E F (< i | I J K

1 AL base year s il fit errer

2 | 2000 0 3 0.588235294 0.346 60

3 2001 1 25 1.546872395 0299

4 2002 2 4 3.862612457 3.469 50

5 | 2003 3 7.6 8.697581386 31.33

6 | 2004 4 7 16.6604022 1369 40

7 | 2005 5 13 22 44001755 3042

8 | 2006 (5 17 26 69187308 428 2 30

a | 2007 7 29 28.69182224 4705

10 2008 8 46.5 29 60510606 4625 5o

11| 2000 ) 50 20 81602054 433.3

12 | 2010 10 49.5 2093206434 397.3 35

13 errer sum of sequar 0

14 . : ,
16 anm 30 uxooa 2000 2002 2004 2006 2008 2010 2012
16 b= 50

17 c= 1
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:G:’m‘ ?‘“’JS‘ Ladligc=1 5 b=1005a=40 sxaa Al A a3

A B C D E F G H J K
1 il base year Gsediiad fit errer
2 | 2000 0 3 0.396039604 0.157 80
3 | 2001 1 25 1.058538667 0.003
4 2002 2 4 2.752256652 0.566 50 5
5 2003 3 75 6.690409999 13.62 f,v
6 2004 4 7 14.12646918 102.5 40 F.'_'.—.—
7 2005 5 13 23.89779344 3571
8 2006 6 17 32.05448705 678.8 30
9 2007 7 29 J6.65728802 8796 / /
10 | 2008 8 46.5 3870170252 9426 20
11 | 2009 9 50 38951237851 931 //
12| 2010 10 495 3981922102 889.2 10
12 errer sum of sequar 0
14 ;;.::/L/

] T T T T T |

15 a= 40 1998 2000 2002 2004 2006 2008 2010 2012
16 b= 100
17 c= 1

il g,_uts.a@;_ugigaczl 5b=1005a=40 allaall Ad ¥ asdll ) ani HlI (0 Jaa3ls
b5 Data w Solver JUas s F13 iad jueat o jall LAl 4 Jhgall pai M| LaY)

) sal) e
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Solver Parameters @

Set Objective: SE513 Bz
Tat i) Max i@ Min i) alue Of: 0 |
By Changing Variable Cells:

SF515:5F517 Rz

Subject to the Constraints:

o Add
Change
Delete
Reset All
- Load/Save
Make Unoonstrained Variables Mon-Megative
Select a Solving Methad: GRG Menlinear IZI Options

Solving Method

Select the GRS Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP Simplex
engine far linear Solver Problems, and select the Evolutionary engine for Saolver problems that are
non-smooth.

| Help | [ Saolve ] | Close |

4 39 sall Jaall Sl adll L) (3 saia 8 25 MIN LU E13 Uadld) cilay jo da jial
Adul) il Hedats SOLVE o5 SES15:SESL7 o) allaall iy

A | B | ¢ | o | E T F 1T 66 | v [ 1 T 9o T Kk | L
Bl Awd\ (354 4a8 base year fit errer
2] 2000 3 0 041452 6.684707 0
| & 2001 25 1 0.852667 2.713705
543 2002 4 2 1.739886 5.108117
5| 2003 75 3 34936 16.05124 24
| (&3 2004 7 4 6.800392 0.039843
B7a 2005 13 5 12.51532 0.234917 40
283 2006 17 6 21.04921 16.39612
9| 2007 29 7 31.36795 5.607167 30
10 2008 46.5 8 41.08424 29.33045
M| 2009 50 9 48.30224 2882395 20
12 2010 49.5 10 562.77532 10.72775
£131 errer sum of sequar  95.77642 10
14
15 a= 57.76121 | ;:lﬁ( I
16 b= 138.3448 | 1903 2000 2002 2004 2006 2008 2010 2012
Hn c= 0.728918
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Slo ua I Gadayy U i) ) g sUaaall ULl o3a e Jiaiall Badat Juadl 138
 lanall il
57.76

¥ (t)= =
)= 38300

267



By ¥ da i @ gy gunlall sylagg bl @alall glasy szl a

Lshayl) dpaadl A pail) 7 Salll
s3ny (1) dpos G GRLI, Cagal CDlsse Syde DA e L 1 A Cadiad) m) e Auphl A iy
Chin Slilee Ciagd sl s Joige il 2281 () Cidat A m ol Tan gy IS Rasiioss <Dzl
RE% ol Ladlly X2 (51 pual dadl Jils R e anad Jalaa ooy 53 5 ol cind  pesall Caianally llany)

RMSE  hadll ey g ganas

A Al sl (e i Ailasy) ol

N
1 2
x? = N — nZ(MRexp.i - MRpred.i) (9)
i=1
N
1 2
RMSE = NZ(MRexp_i — MRyreqi) (10)
i=1

N
REY% = 1002 |MRexp.i - MRpred.i
n

(11)
MRexp.i

i=1

Lshyll 4 tMR

?..333\ e :N

Culdll aae :

cigdadl) cliaie o Algaal) A8 A&l cSaga t (1) Jsia
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269

agall

Jsdsall an

MR = exp(— Kt)

Lewis

MR = a exp[— K(t)"] +

bt

Midilli

(Taels) Cudatll i

«Lu\ji acb¢n

A Aleall Cadail) 2 e Budaly ey ) 23 sed diadl dlag) (o sllall

g3 ~ '-ll'I

Lo

30
35

Cr

el skl g
kg water/kg d.b
3.87B0ABTE0ARTE
1.65068433922472
1.3BB73182261466
0.563428085531594
0.4429349000599444
0.38811771238201

(B2:B7) aiaill () B asesll & aoal
(C2:C7) wshl Gsinall Casenll & gobal

K

[(MEELN
-

bl (e WS G5:G2 (e WA (3 ol All dial ) 08 i 3

0.2

T S X o
[

0.01

E2:E7 LA leasl 5 30 Midiilli Alalae E2 30301 6 gl

=SGS2*EXP(-($GS3*(B275G54) ) | +5GS5*B2
D2:D7 LAY 8 Leail 5 adull ddalaal) @.L.\ D2 4dall 4

=E2*(5C52-5C57)+5C57



iyiz Yl A e @ gy gunlall syl Ll @l glasy szl s

SN 8 LSy o5 csmnall 5 Laall bl (5 sinall (e 883D )l 6

——b-- el sl gl e pall gl I g gl
35 kg water/kg d.b kg water/kg d.b

S A s )Y Alales okl G8 4NN 47

=CORREL{E2:E7;C2:C7)

=(D2-C2)"2
H2:H7 WAl 8 Leanal 5 400l RMSE Aalae ool H2 40301 8 8

s adul) sl kel HE 43AN & 9

=(([SUM(H2:H7))/5KS$2)"0.5

12:17 WA & Leaal s 4001 IRE% Uabas aodal 12 48N 410
=ABS(C2-D2)/C2
DA Al okl 18 A8 & 11
={100/SKS2)*SUM(12:17)
J2:)7 WA (8 a5 A0 X2 Alabea ol J2 48l 312
=(C2-D2)"2
s aull Asladl) aokal J8 4080 413

270
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(S sl ma e yedays Data o Solver Jbas 14

Solver Parameters | &=
Set Objective: gHs2 Rz
To: () Max @ Min () value Of: o
By Changing Variable Cells:
5G52:5G55 Bz
Subject to the Constraints:
Add
Change
Delete
Reset All
Load/5ave
Make Unconstrained Yariables Mon-Megative
Sglect a 5olving Method: GRG Monlinear b Options
Solving Method
Select the GRG Monlinear engine for Solver Problems that are smooth nonlinear. Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.
Help Solve Close

RMSE 4ad Jici -4 5 set objective s 8 leiad i ol pall 4lal) jladl) o
by changing 4a s min e il @llyy (Saile il Lgiad 0585 () amgoda
ie Dl &3 Al V) ) Al a8 e (o ias Al LDAD LSS variable cells

. solve
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| J<al) B O (A LSl gill ad et

0.9970429
0.1340088
0.9229177

0

T 3 X o0

i) 3 ) ey landl e o geenall el ety Undll g je H3ad G JBI daad ) il 038 G

:a,k,n,b <yl Sz jAdn) sy MIDILLE Aatae 0SSy Cun i) cpISEI 8 (e LS Al jelat

MR = 0.99703 exp[— 0.13401( £)°2229"] + ¢
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[ olasy szala

<)

e

m ‘N. &4
2o RL

R4

Lo Ml &

L= I A = R L = I

)

B c D E F G H J
cn L
cidadll laatl agh 0 gginall | G geasall aph 01 g giaall . .o
m.nr,. _Am E.u”_mﬂern_ b . kg Em.._,nl__ﬁwf”_ b G Aagmna) Aaghll - cul RMSE RE% x2
' ) MIDILLI “lilas

w o

3.8780487804878
1.65068433922472
1.38873182261466

0.563428085531594
0.4429334900095444

0.38811771238201

=E2*($C52-$C57)+6CS7
=E3*($C52-$C57)+6CS7
=E4*($C52-$C57)+6CS7
=E5*($C52-$C57)+6CS7
ZE6*($C52-$C57)+6CS7
ZE7*($C52-$C57)+6CS7

=$G$2*EXP(-($G$3
=$G$2*EXP(-($G$3
=$G$2*EXP(-($G$3
=$G$2*EXP(-($G$3
=$G$2*EXP(-($G$3
=$G$2*EXP(-($G$3

a 0.997039018557742
k 0.134011521936229
n 0.922912551726687
b0

R? =CORREL(E2:E7;C2:C7)

=(D2-C2)"2
=(D3-C3)"2
=(D4-Ca)"2
=(D5-C5)"2
=(D6-CE)"2
=(D7-C7)"2
=((SUM(H2:H7))/$K$2)"0.5

=ABS(C2-D2)/C2
=ABS(C3-D3)/C3
=ABS(C4-D4)/C4
=ABS(C5-D5)/C5
=ABS(C6-D6)/C6
=ABS(C7-D7)/C7

=(100/$K$2)*SUM| =(SUM(J2:17))/($KS$2-5K$4)

=(C2-D2)"2
=(C3-D3)"2
=(C4-Da)"2
=(C5-D5)"2
=(C6-D6)"2
=(C7-D7)"2

3
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iy M R (1 gy gunlall gLyl Qaldll ylasy szal.s
B C D E F G H 1 K
5. piaall s yiaall A
o} c | ‘ [ - :
o bl wishd sl
daiadll o] i foiiall - .
; - Lgeaa) sl RMSE RE% x2 N
asle ke kg i .
/kg water/kg e &0
water, wa
MIDILLI
1 db d.b
2 0 3.878045 3.8677152 0.55704 a 0.957035 0.000106784 0.00266 0.00010673 6
3 8 1.650684 1.7841204 0.40001 k 0.1340115 0.01780517 0.08084 0.01780517 n
4 15 1.388732 1.0688517 0.15507 n 0.9229126 0.102257725 0.23031 0.102259773 4
5 23 0.563428 0.657387 0.08862 b 0 0.017544577 0.23776 0.01754458
B 30 0.442935 0.545554 0.04523 0.01061253 0.23258 0.01061293
7 35 0.388118 0.48643809 0.02818 0.009675327 0.25344 0.00967533
8 R’ 0.9913185 0.162502776 17.2931 0.07922146
45
! —mdyme ol ol M s el g ol e Gl g el
35 kg water/kg d.b kg water/kg d.b
3
25
2
15
1
0.5
0
0 5 10 15 0 25 30 35 40

Aslaall 2t 2 Midilli Aolas 3 dsdaal) ) gladl) (s 2558 ewyis Aalas (audat A Al L
it LS lewis Aalaa o585 Al g cpdlil) cpd sanll (8 G 5o LS il 5l

MR = exp(— 0.109851¢)
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[ olasy szala

<)

e

m ‘N. &4
2o RL

R4

dyaz Y &

LY = R = Y R I

C

haadl agh i s gaall
kg water/kg d.b

3.8780487804878
1.65068433522472
1.38873182261466
0.563428085531594
0.442534500095444
0.38811771238201

i geaall gl (g ginall
kg water/kg d.b

ZE2%($C52-8C57)+5C87
ZE3*(8C$2-$C57)+5CS7
ZE4*(8C$2-$CE7)+8CST7
=E5*($C82-8C57)+6C87
ZE6*($C52-8C57)+5CS7
ZE7*(8C$2-$C87)+$CS7

Gadgpeaddl k R’

Lewisd alilas
=EXP(-$F$2*B2) 0.10985=CORREL(D2:D7;C2:C7)
=EXP(-$F$27B3)
=EXP(-$F$2*B4)
=EXP(-$F$2*B5)
ZEXP(-$F$2*B6)
=EXP(-$F$2*B7)

H J
RMSE RE% x2
=(D2-C2)"2 =ABS(C2-D2)/C2 =(C2-D2)"2
=(D3-C3)"2 =ABS(C3-D3)/C3 =(C3-D3)"2
=(Da-ca)n2 =ABS(C4-D4)/ca =(C4-D4)"2
=(D5-C5)n2 =ABS(C5-D5)/C5 =(C5-D5)"2
=(D6-C6)"2 =ABS(C6-D6)/C6 =(C6-D6)"2
=(D7-C7)"2 =ABS(C7-D7)/C7 =(C7-D7)"2

[z((sUM(H2:H7))/$K$2)"0.5]|=(100/$K$2)*SUM(12:17) [=(SUM(J2:18))/($K52-5K$4) |
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By ¥ da i @ gy gunlall sylagg bl @alall glasy szl a
B C D E F G H ] K
5J3=...5I| gl i
e ﬂhﬁl RN Ry
T el Rpad k R RMSE RE% x2 N
isla ke kg Wil Cpa
water/kg water/kg Lewis
1 d.b d.b
2 0 3.873049 3.3780488 1 0.1099 0.9907509 0 0 0 6
3 8 1.650684 1.8374026 0.41528 0.03486372 0.1131157 0.03486372 n
4 15 1.388732 1.0598536 0.19248 0.10816085 0.2363191 0.108160855 1
5 | 23 0.563428 0.e670736 0.07993 0.01074239 0.1839551 0.010742339
6 | 30 0.442935 0.5174123 0.03705 0.00554688 0.1681452 0.005546882
7 | 35 0.388118 0.4627696 0.02139 0.00557291 0.1923435 0.005572907
8 0.16577432 | 14.90631 |0.0412216828
45
a — = e el gle Mg padll e il gl g gl
kg water/kg d.b kg water/kg d.b
35
3
25
2
15
1
0.5
0
0 5 10 15 20 25 30 35 40

Adlas (g0 Jil i€ L EWIS alase b vie X2 REY (e IS ad ¢ Jaa D ALl seilisl) e
Sle aldel (S LEWIS Aalae ()8 1315 adlly ol e R?2 5 RMSE, o)s  MIDILLI
il Gl e sl (s sinall g 4 sha ) A Gilual el i)

276



By Ml R nia @9 dgyguladl syl gl

6&‘1-\-“ \‘)L‘-\) wzal.a

277

e ) Jual

LA8Y) Ausia 3 SPSS galiy ciliylas

Statistical product and service s SPSS jaiday Jlas) xaliy aSPSS galiy

solution

SPSS Statistics 17.5 << program << start gl Jads

=

SPSS Statistics 17.0

rWhat would you like to do?

B O Run the tutorial
%J O Type in data

O Run an existing query
O Create new guery using Database Wizard

@ Open an existing data source

hore Files...
C:\WsersiassadiDocumentsila ¥l 1o sav
C:Wsersiassad\Documentsislaa 3l 1o say
C:Wsers\assad\Documentsiasssdf sav
H:\b.say

[»

T s

% (O Open anather type of file

More Files...
C:serstassadiDocumentsiabed spy
C:YserstassadiDocumentsiasddd.spy
C:\sers),

C: W sersiz

sadiDocumentsila Ml 1o say

ad\Documents\SOLAR RADIATION.spy

[»

O T s

|:| Don't show this dialog in the future

Al saall) e lawi,

bl Galall il ey Run the tutorial .1

B Glaglaa JASY aadiisg Type in data .2

w220 ludiul Run an existing query .3
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cClasles 32c 8 e s Hladind ¢))a) Create new query using data base wizard .4

e ()3 Gilaglas cala x38 Open an existing data source .5

als el cancel e szl f saas clily Jlal a sl Type in data Je el xe
sac )y Cases asuall (e 4SS e 3yle say SPSS Statistics Data Editor cublull ) as
LA sadnd Lcell Al sgeally Canall G adalill blss _eusig variables  &fyuaiall Jia

KA 3 LS bl s o Lay

E&] Untitled] [DataSetd] - SPSS Statistics Data Editor = [EEH
File  Edit ‘“iew Data Transform  Analyze Graphs  Uilties  Add-ons Window  Help
cEE B 60 =EE A Eam Bo%® vE|
|2: | \visible: D of D Variables
‘ war | war ‘ war | war ‘ war | war ‘ war | war )
1 |
[ 2 ]
3 A
4
&
&
7
g
J L
111 -
1] T | [»]
Data View | Variable View —
Open data document |SPSS Statiztics Processar is ready | | | | | |

LSy pmailly ually IaN )30 ey Adlal) Zslally Galal and e ggingg 1olsiadl a1

| EA] Untitled] [DataSet0] - SPSS Statistics Data Editor = R =" 1
1 Jia ej\)ﬂ\ elanl Je TN D alg¥) Jay i 2

File  Edit “iew Data Transform Analyze  Graphs  UWilties Add-ons Window Help
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ol LS L) Jpnmsl Jagenil sV 50 o (ssingsrcnls¥) Jaypd .3

EEHA W O =FE A HE SBGH

0% Wi

3aacY) Jidiy s chlyiall o lawl.4

war war WAl war war war war WAl

w0 | R | (R —

Al 8 bl el ale il xie : Data view cllll jaxe 5.6

U Al dua Ghatall Ciypal (Say adde @l xie Variable view Gyl (e 55 .7

Al ailly Glsially 5 Ac gty il and e yial

bl A5l 3 bl o) el san ATl Sy aDIA (g 1 A Jagyl) =1 2yl Aail L8

Jayly (e Janl) Ky aDIA (e g s sanll Lyal —o
gy Jayyd ledaly culigSy) A8l
View >> toolbars >>data editor

ASLE e CulpaV) Doyl selay aaey

t V) i V) s e save B i dima 580 daLaY;

View >> toolbars >> customize >> new
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~l toolbar name &ils & CiS, toolbar properties 4aeul s aape jeas

: A sl e elad edit o a5 L pmpall LS el aal HBSS 5 3 SY)

B Edit Toolbar (=234

Categories: Tools:
: == T
Litiities = ITH: Cpen Data = mewoo.. |
Window EF Open Database Edit Guery
Help 5 Open Database Mew Guery -
Iresert I |[E Open Datsbase Run Guery
Format | Open Output |
Run Iﬂ Open Script
Todls & Open Syntax —
Chers ¥

o St b
m B | | [ |

1]

User-Defined

Customizing Toolbar: save

O

<] »

| Clear Toolkar || Toolbar Propetties. |

| Continue _“ Cancel || Help |

& LN el laaayg file Jie 48lsSy) ) ledal aslladll L3168l day i 2aas categories (e

. ok A continue e jani 5 lajledal agllaall 435K0Y) a5 tOOIS an e
alibad) JWa
YIS A yaaiall dpends

Gihpatiall Cappat A DA (g AU 2ELEN jelié variable view e laxias

m *Untitled] [DataSet0] - SPSS Statistics Data Editor
File  Edit Wiew Data  Transform  Anslyze  Graphs  Wilties  Add-ons Window  Help
CHA E 00 =50 4 A E4F S0 v
Marme | Type | Width | Decimals | Lahel | “alues Mizsing Colurmns Align | Measure
WARO0001 Murmetric g 2 Mone MNone g = FRight & Seale

[ = R O
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aaly Al & ¥l 1aa s var00001 Leawl Al AN & name il aul (i .1
a1 AU, var00001 Jullss (5ka (e @lldg 428 ddlis o) Aa)ls o) 33,1 2 gy
L Sliiae Mia (S e slladl

ey Ll vie type Jaul Adall o) Badls type dgeall (e clldy juaiall g8 mass L2
LSy variable type lean) Adlions HAY) e jaill ve Jals 48 ape g Jibabose Lgad
ot

@ Variable Type

[
() Comma i
() Dot Decimal Places:
() Soiertific notation

() Date

() Dollar

() Custom currency

() String

Ok J | Cancel | | Helg |

D il \&}3 a0 DI (e
el al8)) Anld e s (g) 8 WIdth leaje s 4y Gyl (6<5 Laxie nuUmeric  ,lias #
AN dac SISy daall BB ae et (Sayy decimal places agyiall 2ldY) s N 50y 2

dganll Jau) ) width 2gaell Jaul 1800 8 gl aidl) sty cpmapall (e ) Jabs arally 4558l

» bl me d3lE 4 decimal
Alald o gqiat Cusy dad (faye A ) it Caypail cOMMa s #

Alalh e Al D5 JS1 A o (ggind Cuny el e A ooy e Cayedl Dot s #
.198.487.724,901 : Jie i piall cillal Joadl
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a0y Cun ) Huad JSy Aad e Al a8y e apail scientific notation lias #

24.7E5 i, 10°%24.7 23,0 10 e Yy E Capal

Adlide jaay sl e a5l Al JS A e A o) ke iyl Date lias #
: l JSED 3 e LS

@ Variable Type @

() Mumeric dld-mmim-yyyy -

~ -ty

L Lomma mmlrddwyyy

() Dot mmidiciyy

() Seiertific notation |79 -MM-AYYY —

— il mirLyy

(=) weyeyedenien il

() Dallar ey Imitt ol

A cust yydod

L CUETOm CUrrenc

- Y ppyycdd

() String o 2 yyyy =
| O J| Cancel || Help |

dﬁ FAIOA L & $ J\}b.ﬂ\ "é)u‘ ‘;s (LQ.HU:M &_u;_\:’“ 3 4.A:\§ Uy .Jb:) ‘54\3) ).\a_‘m..“~ u.aﬂ Dollar Jt\;.i#
oLl (e LeS5.$,128,345.36 Jie dppdiall clilal) Jocdl daii o ol8)) 4DU

@ Variable Type @
) Murmeric T -
() Comima v
— KiTord
L JEt T A
() Sciertific notation ¥ A## N
T A
/) Date SR
@ S i 3
() Custom currency Wlckth:
() String Decimal Places:

oK J | Cancel | | Help |
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gme g dlee o Jadi Cunydad (ae Ay ) arie iyl custom currency Hliss #

LS 40 J alanll o L33 Cany W) ald o gail) 1aa Hlad) Jud Sl L Qllal) s gilaalge Caygatt o8
5 2 29 . DL l9a Ry=0 a0
ot

Edit >> option >> currency

il negative values aup Ay sl suffix 1 Jildall apall 3 i) all values gy 8 &

olial & WSy 0k &5 apply Jasal & suffix 1 Jildall apall 8 — llad) 5L

@ Options @ L

Muttiple Imputations Synitax Editor

General Wiewer Drata Currency Output Labels Charts Pivat Tahbles File Locations Scripts
Custom Output Formats Sample Output

O Positive value: 1,234 56 L

CCE Megative walue: -1 234 S5 lel

Lsetes

CCD

CCE
All Values Decimal Separator
Prefix Suffi | Led | &) Period

() Comiria

Hegative Yalues

Prefix: - Suffix -

Ik | | Cancel |
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S s A Jsay ) ) JB)) o) caal o giiat aad da i Caypedl string s #
Cagyndl n ()8 da g 4l Adyma ans Hsayll (Sae 22 il (1K) characters Jukiall

- yseally 8,1

E Yananle Type

il

pumens
_ Lorns oaracters: 3—
~odt

scertAc ntaton

Detn

aaA% Values Jygay ety variable label il coay cpuadl @ Cala ¥l (s .3
variable view 4.:ili & label Jaw 4130 Ja)s laaal value labels | uial) il CaliaglS
Dlsall maye ey Jaiall auyall e Jazaal value Jaw Al & D wed Coise 4US]

:‘;JLSS\

@‘u’alue Labels @

Value Labels

alue: || | Spelling... |

Label: | |

034 || Cancel || Help
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add ) e haal i value label sl wed caiaa 5 value J Jilaal) Jubsieial) 4] s
0) e bl G value label sl AlyeS aias 5 value 3 Jolial) Julsival) 8 2 i) A
Ll o5 value label sl auda el cadas g value 1 i) Jiaiva) 4 3 o) 5 add
.0k

@‘u’alue Labels @

Value Labels

Walue: |3_|;||:| | Speling... |

Lakel; ||‘§_v\.\.\h el pdind |

" nls i’ = 1 )
" Sl e’ = 200
I el | ol s = 300

Remove |

| (0]39 || Cancel || Help

s value Jilatis 8 333800 dadll J20) 8 Gugllaall Caagll Jlla piatiall dad Coay il

Ao Coay sdaly Ll caagll el change 3l 3l & value label Juaiue 8 caal)
AW e Caagll Cada Jd remove ) a5 Gglhaal) Caagll Jls ¢ il

aend) Ao dazial 5 measure Jau) adal) Jals haaal @lld paanl s puiall ulie paas 4
ASls el data view e haal S . oscale lgie jas Cpld jeland I Jaba 2 gasal)
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RA] *Untitled] [DataSet0] - SPSS Statistics Data Editor
File  Edit “iew Data Transform  Analvze  Graphs  UWilties Add-onz Window  Help

CHE F 0 6HE A B4 E6E 0 vB|

11:
lifia g ol L2l

1 il L B.00
2 il = 4.00
3 aes e 5.00
4 oS e 8.00
5 UL ST Y T 4.00
b PES ST E E /.00
7

var

var var var

Aa Bl L jadi (il el vie (Ael/ jil/ae) jede Aalil Jase Jiad AUl bl o1

el & SULall jaeyt xe SPSS zaliy A& duGN cbilall

(Ae L/ i a2) sadall duali

<l Sall gkl
1] I

0.32 0.30 L yyanil) Jaiy eall
0.426 0.41 | 0.418 e lufa 0.05 Lisgis ysuill Jady il
0.52 0.50 e lufa 0.1 dysgiy yenl) Jady yedsl
0.51 0.53 28 s)ha dnpds delua 0.05 dysgis sl Jady yedil

S
0.63 0.600 | 0.615 28 sl daysde e 0.1 dysgls sosnil) Jedy yedil

S5

Gl Ll % AKH A geal) e Aaial) o0 Aukael ik Jia 200 bl 12
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K A geal)
<l Sl lalall
I Il I
0.52 0.50 0.51 slara e LS
0.53 0.48 0.51 daiall (6l slasa Ll
0.48 0.50 0.49 a5 ) ae Adaial) (4 IS slara L
el

Al @lan pall (aall Aygial) sl e a0 e g i ) AU llal) Ja 13
L;_;ILAA‘}“ Jdaill sala (<8 Eusy SPSS C..a\.\).a Al el Aad) Caa daasal)

A gial) Laaatl QA B
oaall A (Ue)
9.87 I
9.77 I 0
10.99 I
11.00 Il !
11.51 I
11.44 Il 2
13.08 I
13.12 Il 3
13.78 I
13.70 Il 4
14.00 I
14.02 Il >
14.30 I
14.00 Il 6
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Luluall clilal)

Jaall & LSy compute ias transform 2l ) caads m3tll dplual) cibileal) o))y
:%;\'_'\S\

Jalaall cpaall g paledl V) sk e (g5ie 7 Ay o il sae Ll dul 8 il
Ll (e 32uSY) Glabiae 5 AT 3ae e JSI Jarally g senall 2a) L AabaL B0uS) Gilabiaa

;300
<Dalaal
4 3 2 1 coallipa.
A3ladl
(BHA) (FE2) | (FE1) |(FE1+BHA) (5)
6.21 6.21 6.21 6.21 6.21 1
6.01 6.13 6.22 6.28 5.89 5
5.89 6.01 6.09 6.19 5.50 10
5.51 5.65 5.72 5.98 5.20 15

mr.\))l\ :\3\5 s)eimal.a :dLuJ aw‘j g)H\ u.\a.“ Lo :L\Llé u.\.uaﬂ S CalaliaeS )a....d\, Lém‘ Glaldtiog Juﬂu\(2006)@hﬂ CL@ﬁu\ ‘(‘5\53

A AT 2l Jasally & sanall alag) 2 da)

: AUl OGN 8 LS jelan aadh Lawd Lialed WS Wiayig SPSS malip JI calild) Jaxs o) 2
: e ¢ JEVLP) oS . O
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antioxident one five ten fiteen
1 i faall 6.21 5.89 5.50 520
2 (FE1+BHA) B.21 B.28 6.19 593
3 (FET) B.21 B.22 B.09 5.72
4 (FE2) 6.21 B.13 B.01 0.65
5 (BHA) 6.21 B.01 5.89 0.51

Juliaall & oS5 ¢ Ul leall vy edad compute variable s transform Al oy

Julaioall 3 S5 A5 SUM dand (S5 panll 408 S (531 2 gaal) o)gic target variable Jau
Se ally one sy el Jllan 3k e e 2yl @ilyaxiall nUMeric expression
e lle Jiant g aaall Adle Sy nUMeric expression Julaiual) I jaiall Jail agd)
Jubiual)l 8 Heliid aeall Adle e @il dplual) cilblal) Gldle Je golall aupall

Dedad OK e Laxuall 5oLl JSal) 8 LSy Al culpuaiall ) Ay Bulaal) ) S3g.0)e

SUM daw) Baa pria

! E Compute Variable @
Target Variable: Mumeric Expression:
f antioxident | - |
f ane —
) Function groug:
f five — —— — —— ] -
Gaten L L= L) B
e Arithmetic s
fﬁﬂeen " N a@ll R a@ll a@ll @ —
Lo === s[5 CDF & Noncertral COF
— - = S i = = Conversion
L == L] -
ol || |l a4 Current DatesTime
| ; | |& || | | | 0 || | Date Arithmetic 4
e Functions and Special Wariahles:
) [0 | oo J] |2
| If... |(0ptiu:|nal case selection condition]
Eeset || Cancel || Help
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ﬁ Cormpute Yariable @

Target Yariable:
|3um| |

Mumeric Expressian:

one + five + ten + fifteen|
& antioxidert
& ane -
& five Function groug: —
& e L )(e)(e] E
& fiteen D E CDF & Moncertral COF |
E B B Ezrnr\;ﬁ;oa:eﬂime ||
Date Arithmetic b
%} D | s | Functions and Special Variables:
elete
(u:uptiu:unal caze selection condition))
Ok i [ Paste ] [ Reszet l [ Cancel ] [ Help l
antioxident one fiwa ten fiteen sUMm
1 i faall B.21 6589 580 020 2280
2 (FE1+BHA) B.21 B.25 B.19 5958 24 BB
3 (FET) B.21 b.22 B.09 0.7z 24.24
4 (FE2) 6.21 B.13 B.01 0.65 24.00
5 IBHA) B.21 6.01 £.89 551 2362

5 anl) kil aads SUM/4 5% Aulual) Aabadll (€1 gt i (55 Janal) slai¥s

i) dal)l e liig average

antioxident one
1 i Jaall B.21
2 (FE1+BHA) B.21
] (FET B.21
4 (FE2) B.21
] (BHA) B.21

290

five ten fifteen sUm average
A.84 A.60 520 2280 A.70
B.25 B.19 553 24 BB B.17
522 5.09 T2 24.24 5.06
G.13 5.01 A.BA 24.00 5.00
5.01 A.89 A.A1 2362 A.90
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Pl iy Se PA e @lld (S BausY) dilaliaal Jaxally & ganall alag) i€y ca Y

Glghadll (udi ehaly 32uSY) Cilabias Jo Ay AAd daell Ja 3008y Cilalias gy ()

h=5000 , A=1.57 , t=30 , m= 256 , C,= 3950, T,=90 , T,= 20

ook

dadul) Adaleall e T 4 aagl 1 Jla

:Jall

ol LSy gmalindl 3 LS Jagal Tz hiads Aolaal) Japeadt cony Al b

Tr = —(T, = Ty) exp( m

—hAt

+ T,
)

ke e WS clprial) dyandi sl gelipd) ) iyl Jask a6

h

A

1

[Tl

Cp

T2

T1

5000.00

157

300.00

25600

3950.00

80.00

20.00

Juliaall & o3 ¢ Ul leall auye edad compute variable s transform Adl oy
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numeric expression Jukiwall 8 iS5 S TF sa9 35l olgie target variable Jaul
e S e oyl il dllys el e a5l cprial e sle by At

cAlaleall & Gl patiall (i sy NUMeric expression I Llés ya jal
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ﬁ Compute Variable

=

Target Yariahle: Murmeric Expression:
|TF| | = S(T2-T1*EdP-h s At fim * Cpln + T2
| Type & Lakbel. . |
& n -
& a :
ﬁ ; Function groug:
o -l - All =
#n [ (G (]
& FEErER
s | . | |q= - | 4 || 5 || 5 | CDF & Noncertral COF
— — il @l CanyEersion
g - L=dl=d Ldladlad -
Current DatesTime
ﬁ TF —_— . . —
| ; | |a || | | | 0 || | Date Arithmetic -
| Functions and Special Variables:
EE] A
| || (1 | | Lekte | | + it Seconds |
Drate Dy
EXP{numexpr]). Mumeric. Returns & raised to the power Date Moy
MiLExpE Whgre gis the baze of the natural logatithims Dite Moy B
and NUmexpr iz numeric. Large values of numexpr may —
produce results that exceed the capacity of the Date. Gy
machine. Drate Wikyr
Date M rday
Datedift
Datesumi)
| If.. |(|:upti|:unal caze selection condition]) Diatesum(4)
Exp -
| 004 _” Paste || Reset || Cancel || Help |
h A t m | ¢ | T2 | T | TF
1 s000.00 1.57 300,00 256,00 3950.00 90.00 20.00 03.18
2
8|9

s A LS e sS5 J) % 30 ) My 4tk o) ¢l Ao 01 5all L
O 0SSy %25 gl ¢ %5 Maaley ¢ %10 Mpysaa ¢ %20 Mpousis e « %40 M
L'é,).da.:.!%35 L}LJ ¢ %5 JLQ) ¢ %10 G983 ¢ 0/0200..33})..1 ¢ %30 C'_ibd..}h}vs @Lﬂ\ C'_wLa)S.d\
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Co=1.424 M, + 1.549 M, + 1.675 M + 0.837 M, + N
4.187M,

oehd Wl e LS Gilyaiall dpandi ¢ hals alipll I clibal) Jlaaly

hlim hic Ml etf fla
25 40.00 20.00 10.00 5.00
2 35 30.00 20.00 10.00 A.00

Juliesall & oS3 ¢ Ul jleall auye edad compute variable s transform Al oy
numeric expression Julaiwall 8 (iS5 25 CP a5 29eall olgic target variable Jil
e S e sl il ellys sl e anpall 8 Ul il e blie a5 Aslaall
If o) e borcall & ddaleal) 8 clyustiall i sy NUMeric expression ) Lelas (ja jal
Ldll ciss G5 include if case satisfied condition e Jaaal ¢ JUl) lsal) aaje jedasd
ek compute variable  leall auje edaid continue e & 5 Mm>30 a5 gllaal)
CPJ) Aad L 4.8 Lissa CP 4aul Jia yiia elad OK o il & if 30 Cala Tyl e
%30 (o S sl Al o132l
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E Compute Variable: If Cases @
& Mm () Include gll cases
ﬁ M - — —
ﬁ M @ hnclude it caze zatizfies condition:
4
ﬁ b M = 30
& &
& ce Function qroug:
F N
)]s B
Arithimetic =5
D I E CDF & Mancentral COF ]
Canversion
L (=)
(o J(J| e |7
Functions and Special Variahles:
) o) Come | [2

[ Cantinue ” Cancel ” Helg
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5

] @ Compute Variable @
Target Yariable: Mumeric Expression:
||:p | = N.424 = Mo+ 1549 * Mp + 1 7S * M+ 0537 *Ma + 4,157 * Mm
’ Type & Label. .. ]
ﬁ hdtm | - |
& Mo _
Function groug:
&
Al | =4
& wit | | = | 7
ﬁ M Arithimetic s
a —
ﬁ . D == E E COF & Moncertral COF
: Canversion
[ ) -
Current DatesTime
| | -
Functions and Special Variables:
) o) o | [5
it = 30
’ (034 ” Paste ” Reset ” Cancel ” Helg ]
|

L) e LS Ailall Aail) jelaa

il M Mp i Ma cp
25 40.00 20.00 10.00 £.00 .
2 35 30.00 20.00 10.00 5.00 24118

Frequencies )),<ill

frequencies << descriptive statistics << analyze gl Layys (1w Ll Jpasll o3y
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alad) Jpl Fial € (D eanl sl s i ) G il S gl 1 e

:‘5&‘5
17¢18¢17¢16 ¢ 18 ¢ 17 ¢ 16 « 18 ¢ 16 < 17 < 16

3N

48 4 les e jeda & frequencies << descriptive statistics << analyze ¢y

“Yariable(s): L
|$ (sl 210 ot | Statistics...
Charts...

Format...

Display frequency tables

| ok |[ Paste H Reset H Cancel H Help ]

:‘?Jtd\ I & LS variables 4ala ) sl Ju
G lgall aape jeday statistics e haaall die

rPercentile Values

rCentral Tendency
Guartiles Mean
Cut points for: equal groups Median
[ percertiters): l:l Wiode
A Sum

|:| “alues are group midpoints
rDispersion

rDistribution
Std. devistion [¥] Minimum
Wariance Mapimum Hurtosis
Range S.E. mean

I Continue I[ Cancel ” Help ]
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Fret*arts

Chart Type
() Mane
() Bar charts

() Pie chatts

(3) Histograms:
h normal curve

Chart Values

| Continue _” Cancel

Help

Dl aupe A agzan continue & with normal curve 4 Histograms Lol ae
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-
-

Statistics
Ll ] gl
il Yalid 11
Missing i}
Mean 16.9031
Std. Errar of Mean 25062
Median 17.0000
Made 16.002
Std. Deviation A3
Watiance Rl
Skemvness a0
Std. Error of Skewness (BA1
kurtosis -1.4858-
Std. Error of Kurtosis 1.279
Range 2.00
Minimurm 16.00
Maximum 18.00
Sum 186.00
Fercentiles 10 16.0000
20 16.0000
25 16.0000
il 16.0000
40 16.8000
a0 17.0000
al] 17.0000
To 17.4000
TS 18.0000
a0 18.0000
ela] 18.0000

a. Multiple modes exist The smallestvalue

is shown

raglal) il ek ok e ozl aay 4 frequency
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Frequency

adl fgadl
Cumulative
Freguency Fercent Yalid Percent Percent
Walid 16.00 4 36.4 36.4 36.4
17.00 4 36.4 6.4 72T
18.00 3 27.3 273 100.0
Total 11 100.0 100.0
Histogram
57 Mean =16.91
Std. Dev. =083
M =11
5—.
4-—
3—
2-
1~/
]
0 T T T
15.50 16.00 16.50 17.00 17.50 18.00 1850
aladl gl
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Descriptive iasll slaay)

Glilly Aad J8ly lely @l Calaly casldl) Unally o aeall Giln (S0 aDIA (10

sl slasy) syl gsisd pb Jilad (el slgaly Gall) Joea Jias A Uil @ Jta
Ll dltay

uall) algal oadll Jara
0.000106 0.001
0.000122 0.0015
0.000137 0.002
0.000162 0.003

0.00018 0.004
0.000201 0.005

0.00021 0.006
0.000221 0.007

gl ) it JWal oyt dad)

BT Descriptive <<  Descriptive statistics << analyze il . sy

il

B Descriptives x|

“ariablels):
& (v el e
[ [t e |

| Options... |

K2

|:| Save standardized values as variables

| Ok J| Paste || Rezet || Cancel || Help
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cwladl sy option ) e haall o4y 2 variables Jaw) alAl) 8 clyaaiall Jis
P sl aipe sedad dsllaall A5Lany!

3] Descriptives: Options Iﬂl

Mean |:| Sum
Dispersion
Std. deviation ||
Wariance |:| Maximum
Range S E. mean

Distribution
|:| Kurtosis Skewness

Display Order
() variable lizt

() &lphabetic
() Ascending means

() Descending means

Cantinue || Cancel || Helg

il ek ok Laual o5 save standardized as variable e il &

% Descriptives

[DatasSetO]
Descriptive Statistics
I+ Range Mean Std. Deviation | Yariance Skewness
Statistic Statistic Statistic Std. Error Statistic Statistic Statistic Std. Error
oretl e a 0oes000 00362750 000773082 002186607 .ooo 291 7al
sl alg=l 2 | 00011580 | .000MEY3FS | 00001509449 0000426947 .ooo -.1499- el
Walid M (lishivize) a
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hamall dg= Dl i FEG
1 0.001000  0.00010680 -1.22907- -1.43753-
2 0.001500  0.0001220 -1.00041- -1.05275-
3 0.00z000  0.0001370 077174 0.71145-
4 0.005000  0.0001620 0.31441- -0.12585-
5 0.004000  0.0001500 0.14292 0.295710
b 0.005000  0.000Z010 0.60025 0.7g7ss
7 0.00s000  0.0002100 1.06757 0.99537
g 0.00/000 00002210 1.514490 1.25601

E) u_al.unj\ .L-u.njld\“ 9 alslall dasll x Cus Z=(X—}J)/G Z dalxa (e 4y)lizall ﬁﬂ\ GITIVEN
. XM@J\,}&A\ <l ,maiWlg
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Correlation klsN)

1 o U1 Jala o sl5sy - oulall GES Bl g Jia (ppaiie oo A8 ass

A R Awd cul€ 1) Ll LV S jiea Jali V) Jalas 48 <ol 13 Ll aagy o 1—
ctall e sl WS Canaty 1= 50 1 (e

f S Lala Yl Jalas Bulay

Bivariate << Correlate << Analyze

Al bl e Skl Jelall mg /L S5l g sec. il o Bl Jalae 2 ) 2l

Concentration Time
131 0

110 60

92 120

71 180

49 240

29 300

<< Correlate << analyze i (jay . Gla Ly WS zalipll ) bladl Jia) aey tJa)

A0 Jlgall aaye ks Bivariate

m Bivariate Correlations @

“ariables:

| Options... |

| [t ot
& L300 st 50

[+

Correlation Coefficients

Pearson |:| Kendall's tau-b |:| Spearman
Test of Significance

() Twwo-tailed () Cne-tailed

Flag significant correlations

Reset || Cancel || Help
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mldll tadlly Vel e Jganll Lyl 1315 variables aal gy ) i) Ji 2 &

: continue A mean and standard deviation  jals option e laxcal

ﬁ Bivariate Correlations: Options @

Statistics

Means and standard deviatiu:uns|

|:| Crozs-product deviations and covariances

Missing Values

(%) Exclude cases pairwize

() Exclude cases listwise

| Continue || Cancel || Help |

e Al @bl e cpiiand o) daad aaal o) iyl 13y Person ayylay L)y Jalas sl
ek 0k Laxal S tow tailed significant jals AVal (sgiie Guans Jsiia Jali)) Jalas
) 4l

= Correlations

[Datazetl]
Descriptive Statistics
Mean Std. Dieviation [+
el 150.0000 112.24972
sl a0.3333 A8 1TETE
Correlations
eyl e
el Fearson Correlation 1 | -1.000-7
Sig. (2-tailed) .0oo
| G G
&8 Pearson Correlation | -1.000-7 1
Sin. (2-tailed) .0oo
| G G
**_ Correlation is significant atthe 0.01 lewel (2-
tailed).
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(e Ji a5 tow tailed significant=.000 ) <Dleleall 48 giina 8 Al milil) e Jaadls

1= Ll ¥ Jalae iy 355 el o (o8 i) clllia o) e o 13a5 0.01 Ayginall (s5iasa

e Bdsiae slad) Costladl) ) Galy %1 Jlaxinds 852 )l) s iy ) Jpond) 1200

coanl) Galy (e dilide 1Y 858 anny ol o Bl yY) D alas
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Sl ekt Cuny ila e WSy ciial) Faansy J&) V) sy 1 sl

Y 55 o 590

1 0.00 370.00 3B5.00 270.00
2 10.00 310.00 325.00 245.00
3 20.00 270.00 290.00 2Z1.00
4 30.00 255.00 265.00 210.00
5 B0.00 195.00 22500 200.00

|
250.00
230.00
220.00
210.00
197.00

b Wsly variable ala ) cilysiall Jis << bivariate << correlate << analyze

POl KRN 8 LSy i) jedatd oK e Jazial & (Galudl JEAI 8 LS clylal)

-
@ Bivariate Correlations

Variables:

& Lo oot

& Lol 5olss s ysles
& [cla zlatl s il
& [ 2 e sl

|| [ el el

Correlation Coefficients

Pearzan |:| Hendall's tau-k |:| Spearman

Test of Significance

(®) Twwo-tailed () One-tailed

Flag zignificant carrelations

=

| Options. .. |

| Ok _” Paste || Reset || Cancel ||

Help
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Descriptive Statistics
Mean Std. Deviation ]
eyl 24.0000 2302173 a
o=t g el | 2E0.0000 G5 09608 g
Lol i il 2940000 53.849805 a
Jal e il 2292000 28.249664 a
ailll e il 221.4000 2011964 g
Correlations
eyl gooled e by | mledl e el | ol e gl | bl iy b
eyl Pearson Correlation 1 -.953-" - 963 - BOE-" -.9437
Sig. (2-tailed) .010 .0oa .040 016
M a L ] a a
solsd i el Pearson Correlation -.959-7 1 ga4™ ATET 494™
Sig. (2-tailed) 010 .om 004 0o
M a L a a a
zladl yanguls  Pearson Correlation | - 9632 a94”™ 1 987" 995"
Sig. (2-tailed) .oog .0m .00z .ooo
M a a a a a
bl i il Pearson Correlation -.Bo9R-" ATET qa2v 1 el
Sig. (2-tailed) .040 004 .0o3 ooz
M a A ] a a
aall e il Pearson Correlation -943° 494 495™ el 1
Sig. (2-tailed) 016 0o .0an 0oz
M a A ] a a

= correlation is significant atthe 0.01 level (2-tailed).
* correlation is significant at the 0.04 level (2-tailed).

Aysine (sgime e (e JS G (g8 bl ABle 2a g 4l 253 Lali V) Dlelaa dbgiona (e

. 0.01 50.05
: ohal jlaaiy)

Jsid sl ai¥ ey Blial) o Jmgynedl (V1 580 @l o Jay Jiisally gl
.)JJ.NS}\
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A il (e gy o)y M paY) hE Cp Jadll iVl ang) s

Agiy) pd) | s¥) b
m

101 0.01
201 0.02
302 0.03
402 0.04
503 0.05
604 0.06
704 0.07
805 0.08
905 0.09
1006 0.10

owdall Jai S G sl aaje edaws Linear << regression << analyze i ;e :Jall
:independent 4ila 3 Jsiwall il dependent ls & L)

E Linear Regression
Dependent: _—
Statistics...

& [AR] b - & [ ot b 3] Dy iy | |$|
[ Pt ||
Block 10f 1 [_pots. |
| | Save... |
Mest —
Independent(s: |Qpﬂ$|

& AR ptt b

*
ethod:  [Eter ¥

Selection YWariakle:

hdll |

Caze Labels;

hdll |

WLS Whigiht:

hd | |

OK || Paste || Rezet || Cancel || Help |
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Aanadil) adlly Jaagall (Galaig JaliiyY) Jalas dady iasll cbaal) lehal oSay statistics (e

D eeees aal) ngl.uj

P "

@ Linear Regression: Statistics @

Regression Coefficient Model fit
Estimates R squared change

[ ] confidence intervals

|:| Part and partial correlations

[ Covariance matrix [ ] colinearity disgnostics

Residuals
[] Durbin-wiatzon
|:| Caszewize diagnostics
| Continue J | Cancel | | Help |

X Jiiiadd) N ZPRED uidlly Y Jilies VI ZRESID uidl Jisl PLOTS (e

[ "y

@ Linear Regression: Plots @
DEPEMDMT Scatter 1 ot 1
*7PRED e
AZRESID | ter |
*DRESID |
*ADUPRED | + | FIRESID
*=RESID ¥
*SDRESID ‘. :zPRED

Standardized Residual Plots
|:| Produce all partial plots

|:| Histogram
|:| Marmal probakility plot

| Continue J| Cancel || Help |

) ) el Taial 5 L1 sl aipe ) 35ass CONTINUE Luicom)
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e JS b il aae s (gylmall Gl sl cliall e giall Cp JE Jganl

Descriptive Statistics

hean Std. Dieviation [+
dgiay A, 553.3000 304.50837 10
gl .0aa0 03028 10

) il il (a1 ) Jiiaal) sl G i) Jelae dgiae sa G Jgaal
O DAY Jsaally L alginy a8y ala)) s phad oy WS (o) an (g8 dalsi)) gag 1 (g5bums (Ao,
. ENTER zisai s asiaaall 73l a1 il

Correlations
dgin g gy gl i
Pearson Correlation  deu, A 1.000 1.000
N Cagidl L Ah 1.000 1.000
Sig. (1-tailed) dgiay . .ooo
caguidl th noo | .
] gy i 10 10
gl 10 10
Variables Entered Removed”
Yariahles Yariahles
mode] Entered Remowved Method
1 gl 4Ea . Enter

A All requested variables entered.
b. Dependent Variahle: deo, b,

O e 130 o miige s 1 (gslesss RE 3yl Jaleas R BLEYI Jelace (e i) Jpaal
NRICN ‘)\JAJ\}” dalea

Model Summan®

Change Statistics

Adjusted R Std. Error of R Square
Mogel R R Square Square the Estimate Chanige F Change dfl df2 Sig. F Change
1 1.0002 1.000 1.000 30650 1.000 | BBA36TH.225 1 g .oan

a. Predictors: (Constant), casddl 44
b. Dependent Variahle: dew, &,
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sy @l paially V) Hlal ga g Jisall juiall masys ulill dilad Jeas a0 JUN Jeaal)
Algia ¥l Aalae Gl Fxy 1385 0.05 (0 J8 25 0.000 g5l Sig. dad cuilSy Al gy A8

b B3sa g0 Alalaall iy ) hriall a4y COEFFICIENTS cdlelaall Jsaa s

Dlial Aaldll dyginall giueg Jsaall 8t dad jediig Std. Error wldll Uadlls B 3l

oaiall O Sxa 1368 0.05 ox J8 Beta ad (1o Y ALl Sig. dad culS 13 B dad ATy

(AN asiV) Alslae S Say Jpanll 138 ey gsime S 50 4l all 03] Jiladl)
y=0.133+10057.576x

m gyl s :X

Ay o) 2y
residual values .l ¢Uaal, predicted values g Liial) adll oy () A adadal)

Dl Jadas Jag il () dadad Cpyartiall G A ) e Jay ey Wilgdie LY JSG Jaadl

- Blgdsa
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ANOVAP
Sum of
wiode] Souares df hean Sguare F Sig.
1 Regression 834527.348 1 834527.348 | 3883678225 .oonae
Residual 7az a 094
Tatal 234528100
a. Predictors: (Constant), casddl 4
b. Dependent Variable: dei, &
Coefficients®
Standardized
Unstandardized Coefficients Coefficients
Mode] B Std. Error Beta i Sii.
1 (Constant) 133 204 B3T hd2
Cagidl L Ah 10057 ATE 3.374 1.000 | 2880550 oo
a. Dependent Variahle: dea, &,
Residuals Statistics®
Minimum M axirmm Mean Std. Deviation [+
Fredicted Walue 100.7031 1005.8909 | 553.3000 304.50823 10
Residual - 43636- A2 2 .0ooon 28847 10
Std. Predicted Walue -1.486- 1.486 .0aon 1.000 10
Std. Residual -1.424- 1.345 .0aon 843 10
a. Dependent Variable: ds, &,
Scatterplot

Dependent Variable: g, &,

1.5
= (o]
3
z
n  1.07
@ o Q
14
H
M =7 e o
-
e
'g 0.0
c <
I
i}
w0
c -0.5- s}
e
b

o
2 10 o
o
e
]
-1.54
T T I T T T T
1.5 -1.0- -05- 0o 05 1.0 15

Regression Standardized Predicted Value
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Multiple linear regression axiall il jlasiy)
tda e pstl) 138 e Ll Ve 3l

a2100/ae Jspalll 58555 Ja 100/ae 08I 385 (o dawiad) el y¥) Ale aa ) 1 Jlia
AU Ukl ey ale clandly ngpaled) &85l Jo 100/de JSBNT 58555 (841

e claudl o) I 585 | JomalSl 585 1 OIS 585
i sugd) Je 100/ds 22100/ Je 100/a
OIS
0.09 10.5 32.5 25 6.0
0.10 10.5 57.5 25 6.0
0.15 10.5 32.5 37.5 6.0
0.13 11 45 25 7.5
0.11 10 45 25 7.5
0.12 10 45 15 7.5
0.13 9.5 32.5 16.6 9.0
0.15 10.5 32.5 16.6 9.0
0.13 10.5 32.5 25 9.0
RS e ALy el Lbiom Tl A Auial) Gilial (nns (55518 (0 Ralel 215 (2009) 2an) 2sama Jis coba]
) dndla el )
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c sl gyl )l pH e
1 5.00 25.00 32.50 10.50 0.09
2 5.00 25.00 57 .50 10.50 0.10
3 5.00 37.50 32.50 10.50 0.15
4 7.50 25.00 45.00 11.00 0.13
3 7.50 25.00 45.00 10.00 0.11
B 7.50 15.00 45.00 10.00 0.12
7 9,00 16.60 32.50 5,50 0.13
8 5,00 16.60 32.50 10.50 0.15
g 5,00 25.00 32.50 10.50 0.13

a9 20l idll dependent LA 4 auai linear << regression << analyze 4 1
oY1y Ity Jg penlSllg 06l 385 Jla Alsdl) O patiall independent. Gl g cloll

Jaagall oty Ll V) Jalas Addy Auagll cbas¥) ledal (Say statistics ey g ned)

Jad ‘-A LQSJ ‘d"u\ du\ ‘; LGA)":‘ ({3 Ll )ALE\ w.... Geoeas ad) ng.\.o.uA” g ‘ww; ] (';.lslb
:‘5,,1133\
ﬁ Linear Regressicn @
— | Dependert: )
& A e ddll s | + | [ [Saud] Ao b | |$|
& Al gl 3 5 Block 1 of 1 | Pots.. |
& 000 At 85 | sawe |
& [pH] sl gt Mext | oo |
Independent (=) ki
&[] a1 00fab cuaddll 5 E
| Py | & [dareld] (s 10028 sl 35 |
— éﬁ" [chatial] cha 1 O0Mche il e 2 =
Method | Enter ~ |
— 1 =election Yariahle:
| |
— | casze lLabels
Al |
] WLE Weight:
Al |
| Ok _” Paste || Reset || Cancel || Help |
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(I i) el OK Laiual

Descriptive Statistics
hean Stol. Deviation

o o] 1233 02062 g

b 1000 (gl 8 7.5000 1.29904 g

cplatS pB T O0faE o ptell w23 | 23,4111 6.54333 g

ho 1000de o020 2 5 394444 9.08104 g

o bl gud] 10.3333 43301 a

Correlations
epiasll 8 5 g pdell 2 5 bl s
pha ol cha 1 00/ el ot OON:E cho 100/ igmaiagl gud|

FPearson Correlation e dledl 1.000 480 077 - 473 ara
b 1 O0NaE sl s i 480 1.000 - B18- -.397- -.333-
ol ] D0fae o petell 38 5 77 - B18- 1.000 -.0582- ABS
o 1000de Jaladl s 5 - 473 -.3a7- -.0582- 1.000 132
e gl il 070 -.333 AB5 132 1.000

Sig. (1-tailed) o ol . 080 422 .099 479
ho 1000pE il S 35 .0an . .03s 145 180
cpiats b ] O0faE Qo el 8 5 422 038 | . 447 104
o 1000De el 8 5 099 144 A47 | 36T
e gl o] 429 a0 104 36T

M o dlaudl g g g g g
o T O0SpE pfail 2 35 9 9 4 e q
S ] D0Sak g peatll 8 5 9 9 5 5 g
a1 000de dailiadf! s 5 4 4 g g g
izl | 9 9 g g g
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Variables Entered Removed

Yariahles Yariables
Iiode] Entered Remaoved tlethod

1 sl gl | Enter
"-".JY‘L_'),JS} ”
Zaod e 1000,
tha el
(S ] 08
gl R 5
a1 0022
a. All requested variables enterad.

Madel Summany

Change Statistics

Adjusted R Std. Errar of R Sguare
Ilode] R R Siuare Siuare the Estimate Change F Chanige dri dr? Sig. F Change
1 Fos4 493 -.00s- 020687 493 8490 4 4 A04

a. Predictors: (Constant), Jo 1000 ol 5853 opdel pe ] 0008 dapedell 5250558 do 1 0000 Jaill 528 5| s g gl ol

ANOVA®
Sum of
Wode] Squares of Mean Square F Sig.
1 Regrassion Rujupe 4 .0oo 840 5044
Residual 00z 4 .oon
Total 003 g

a. Predictors: (Constant), ods a2 1 000ae daedshl 25 e 1 000De Qa2 5| am g soghl ]
o 10008 o 8l 2 5

b. Dependent Variable: ds dadl

Coefficients®
Standardized
Unstandardized Coefiicients Coeflicients

Model B Std. Error Eeta i Sig.

1 (Constant) -.048- 212 -225- 833
o 10 00RE el o 3 012 0g 768 1.427 227
S pb ] D0Jpe Qo padell 2 5 001 ooz 488 810 414
cha 1 00800 Jailidl s 5 .0on 001 - 1468 - 368- T3z
ETEPPEL | 006 018 A3 296 raz

a. Dependent Variable: e dadl

Rl 2aiall WY1 o ANOVA Jsaa (e elas - iladl Jall 8 Leayd o3 Jglaall )
Jsia e Alalaad) Aelia (S0 (i olai lied (€1.0.705 R dads gsine e Enter

: coefficients

y=-0.048+0.012x1+0.001x2+0.00035x3+0.006x4
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¢ sl a2100/ae ol 585 :X2 ¢ Jo 100/ae 0580 5855 :XT ¢ (ala) anddly
wxw\ oY X4 ¢ Ja IOO/JA Jsliy) 38y 1 X3

Asiaall e cfpitial) sy 4318 Stepwise 43k LIS die L

T lad)
one sample T test saalgl) Aall T L3 .1

2 ?15 P 500 s saalgll Adall o)y9 Jagia ol C_.a.\.d\ ) C\l'\y Jaza yaa el
a2 500.7 « 500 « 489 ¢ 498 « 501 «

peledl daa gLu:a

A Jsaall el il 4ily & LS Ll Jlaaly malil) i 2yt Jal)

gl |
a04.00
a00.00
490.00
499.00
399.00
a01.00
495.00
489.00
a00.00
a00.70

L T e I T 5 O SO A L

—
=

sample T test 4l 24l (0 5 compare means il analyze adlé
test Lla 4, test vaiables Lla Il gl Qle (5 Jan & ) el auje jedasione

podemall a4 ool A aall )y Jare iS5 value
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Test Wariable(s): SR
Pl () g L tens..

¢]

Test Yalue:

Ok || Paste || Reset || Cancel || Help

dailly Aipal) Jasgia (3l QS a2 488.07 duall jlual) havgial cpn JE Jsaal)
e S) 45 8i9.=0.264 () one sample T test Jsaa 45 11.93— g5luis g il
ol Gl husie o) WS maia Jerall e sled) o) @l Aol dpm il Jiis @iy 0.05

(gsima e (Al 1ag el 4y el 3 Lo giall (e JB) o

File  Edit “ieww Data  Transform  Insert  Format  Analyze Graphs  Wilties  Add-ons Window  Help

cHEL B E o0 ExBER @® & S95 &j@d + - B0 =

+[ll
Eim

[«]
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{E] cutput
= 1
Bl TTest % T-Test
[DataZet0]
One-Sample Statistics
Std. Errar
il Mean Std. Deviation Mean
(28] gl e g 10 | 488.0700 31.66007 10.011785
One-Sample Test
TestYalue = 00
95% Confidence Interval ofthe
Difference
Mean
1 df Sin. Ctailed Difference Lowrer Upper
() onsdl e ¢ys -1.192- 9 264 -11.93000- -34.5783- 10,7183
[« ] [v]
SPSS Stetistics Processor is ready
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PAIRED SAMPL T TEST dasijall cilisll T Laal

(Ohra) il e il (e Sglnas Aiaiall Sl ill mnd b JLESY) 138 2ty

e Glueal Alie daps QA paaa Slghan) GuSe @l Gualll 585 el HulEl A€k 1 Jba
A8l xiey 3)% 296 « 300 « 298 « 260 « 290 ¢« 300 ¢ 200wl 358l e 5l
299 ¢ 297 ¢« 300 ¢« 259¢ 300 298 ¢ 199 3 dsall pe ol axe G LuSall 88 C_L.u

i) e e o GuSal U sl ol BLY EG dag Ja . B

b gl Giliadl) GaSally A JLal) GeSall 3ay) bl Jlaals sealipd) (i any 1 Jal)
p AUl ISl elais Wl aily 5 LS (B s

200.00
300.00
290.00
260.00
298.00
300.00
296.00

e IO I i = T B 8

195.00
298.00
300.00
259.00
300.00
297.00
299.00

PAIRED SAMPL T Z. @l 4l 1 & compare means jil analyze 4l

PAIRED &l J (el ey Jin & Jall il auje el STEST
: Jull J<al i LS .VARIABLE
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& [A] ot g

&l s st

Paired Yariahles:

Pair | ‘variablel | ‘arishle2

1
2

& lpusdl @l

Ok J| Paste || Reset || Cancel ||

Helg

Options. .

M UK 8 LS il el OK e Jaaall any

Paired Samples Statistics
Std. Errar
hean il Std. Deviation hiean
Pair1 el sl 2777143 7 3706622 14.00971
ot o gl caboadi el | 2788671 7 38.22480 14.44765
Paired Samples Correlations
[+ Correlation Sig.
Pair 1 caleadl puiadl & o el 7 9493 .oon
s o 4l
Paired Samples Test
Paired Differences
5% Confidence Interval of the
Difference
Std. Errar
Iean Std. Deviation Mean Lower Lpper 1 df Sig. (2-tailed)
Pair 1 Calead! guadl - s ol -1.14286- 4 45079 1.68224 -6.26815- 257344 - .B75- 3] 522
i b adl
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paired Jsaa Wl Adlaay) uoliall ey o paired samples statistics Jgsaa
paired sample Jsaa . (gsinas gd sl G LY o) cpw sAamMples correlatione
O Aagime Slig 8 aa gy ) e Juds 15 0.05 e S a5819.=0.522 cp test
coeSall aiany il Al sl sl s o 6 aeal)

Independent samples T test alfical) cliell T LAl

AV Z L) e dadad 13 e de cdal caaly ali) bd o asalll mihd adail (pill Jand 1l
1.3 (1.5 1.8 1.5 1.2 1.1 «0.9 ¢1.5 1 ¢1.2 b WS () dagplll o 0S5 Y
1.5¢1.8 1.4
1.8 11 5l WS (an) Aagyddl claw oISy A5l ANV 2 15) e dakd 15 (e Ao il LS
d 1.3 1.2 ¢l ] 1.2 1.7 1.6 1.2 <1.2 1.4 1.5 <1.7

Zl G sine (s dam OIS O LR ¢ anlal) aasil) ay Aagydl) dlew of gl 1Y o

%5 Y2 geima ddag pil) dlan Jagia Gua e ¢ alY)

p Ul Ol LS jedans malipll ) culilal) Jas s Jal)
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byl 1P|
1 1.00 1.20
2 1.00 1.00
3 1.00 1.50
4 1.00 0.50
5 1.00 1.10
B 1.00 1.20
7 1.00 1.50
B 1.00 1.80
9 1.00 1.80
10 1.00 1.30
11 1.00 1.40
12 1.00 1.80
13 1.00 1.80
14 2.00 1.10
15 2.00 1.80
16 2.00 1.70
17 2.00 1.80
18 2.00 1.40
19 2.00 1.20
20 2.00 1.20
21 2.00 1.60
22 2.00 1.70
23 2.00 1.20
25 2.00 1.00
26 2.00 1.20
27 2.00 1.30
28 2.00 1.00

INDEPENDENT SAMPL 4 sl 28l o &5 compare means jidl analyze 4l
2 WS .TEST VARIABLE la ) i) e Jaw & 6l el aupe seladT TEST
s Al gl
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Test Variahle(s):
& [Bhn] e 53

Grauping variable:
g | |(21:|5.'-‘}£1

’ Define Groups... ]

Ok ” Paste ” Reset ” Cancel ” Help ]

: Jul J<al elas DEFINE GROUPS e Ll

(3) Use specified values|
Group 1:

Group 2:

() Cut point:

I Continue I[ Cancel ][

& I @lsall aapal) ) 252 continue e Laxals. 2 5 1 Jie o) dcgene JSI ansd
: ) IS b LS il el K L)
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* T-Test

[batasetZ]

Q\'«l.\.ll OLAA) wzal.a

Group Statistics
4. Error

AN g N Maan Std. Desizhion Mean
L e ] 13 13615 27350 0rrza

L 1.3267 273717 07064

Independent Samples Test
Levene's Tast for Equatty of
Varianees Hest for Eguality of Maars
5% Confidence Interval of the
Difference
: Mean | Std. Emor
E Sig ! gt Slg (2-tabed Difierence | Diference Lovwer tpper

i B Equal variances 013 | a a3 26 41 03487 10457 - 19008 24982

REEUMBT

Equal vatiances not 33 e 4 o34gr 10471 18064 25039

FSEUMSC

RS O G 1385 SIG.=0.911 il¥a (g5ias F=0.013 wlua & Eevens test Lol o
‘; bJPjA“ Gjm‘ Atz ‘;\I\Sh} ").\.\.\.\d:..~ \ u..jm (_SJLA.&:’ M\A ‘E T Jlé:\i\ e.ﬁ;_\uu.” .‘5 jl.m:i.a (',.\.\.\.\:d:'" |

e S sl sig. (2-tailed) =0.741 ¢)sEqual variances assumed Jay!

S Gm Agiea (398 aa g asld 0.05

s gsd L)

it S 136 Y ) gl il i Ja Ll R oy R8BS CHHLEAY) ks Tl U
b ol sl i Y lilal) 1Y) Ll ki g palall LAY 6 aalal) sl

AR g Aalaall e cyligY)

.Kolmogrove—-Smirov ,ladl axdiug ayysill ¢ 63 48 yaal g

CilS el B b el g Y1 sad by A Al Ea) 1 b

281.12 542.16 763 943.7 1024 1004 883.53 602.4 361.44

323

ColS el A3l A




By Ml Aania @9 dggguladl syl bl geldl plasy seals

363 500 700 823.29 905 843.37 763 602 321.3

¢ anhll )l i Ja

p G JSE 8 LS malipall ) Ul sl dey 2 da)

il adgill
1 281.12 363.00
2 542,16 500.00
3 763.00 700.00
4 943.70 523.29
5 1024.00 905.00
B 1004.00 843.37
7 553 53 763.00
8 B02.40 602.00
g | 361.44 321.30

el ek sample K-S jial Ze jdll 4a3ldl (105 Nonparametric tests il Analyze (.

auall sl Test variable list aojall Jaleill paially dolad) jueiall Jasl o G (g))sal)
normal  Jiadl)
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il One-Sample Kolmogorov-Smirnov Test g3l
Test Variable List: T —
& [ el lL‘
[ [alad) sacdl ol | ‘ Options... 1
k2

Test Distribution
[v] normal [ Uniform

[ |poisson [ | Exponential
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i OK ” Paste H Reset H Cancel H Help
Al G:A:ﬂ\x_hjéok Lm\e.,
NPar Tests
[DataZetd]

One-Sample Kolmogorov-Smirnov Test

el Al gl Aol
M g g
Mormal Parameterga..b Mean F11.7056 467733
Std. Deviation 2TT.ATEE2 | 212 96665
mMost Extrame Differences  Absolute JTE 154
Positive A3 A3
MHegative - 176- - 144-
Kolmogoroy-Smirnoy £ A24 AR3
Agvmp, Sig. (2-tailed) a4z .Be3

a. Test distribution is Mormal.

b, Calculated from data.
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el Al il 5ig.=0.983 5 el Ay ywiall 5ig.=0.942 () Laad oDef Jsaall (e
Mrla Ly 58 bl old Gl 0.05 (e SI 4y

One way analysis of variance alaY) cpldl) Julas

Slo by Al 42Vl g0 580 Jie . le i o aaly dale il Al aadiiny Jalall 138
gl

5 B s A a Ll Al 336 e plel D5 4, Afidie dpal) clicall Ay 8 1 b

O Aysine 38 lllia CulS 13 Lag ang) ¢ I Joaall b L Lde Juaniial) i)y C
cllanssiall G cplEs Y o) 3eY)

| oo O

N O | 0| N |3 |

O |J|oco|\O |0 | >

Agsclsll oS Cun o Sa g sasae JSE bl (i5 Ll e LS Saail shal

2L (e WS 3630, C 5263y B s 1 oy
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e dgsall
1 1.00 a.00
2 1.00 9.00
3 1.00 8.00
4 1.00 7.00
5 1.00 9.00
B 200 7.00
7 2.00 7.00
5 200 8.00
g 2.00 9.00
10 200 7.00
11 3.00 5.00
12 3.00 500
13 3.00 £.00
14 300 2.00
15 3.00 7.00

& Glpaiadl Jo << one way ANOVA << compare means << Analyze ;.
Jiay POST HOC jlaal & . 431 Juays factor Iy « 4¢3 Jiays dependent list

olial ame WS dasll ebasyl Y option 5 LSD

| One-Way ANOVA

Dependent List:
& et i

Contrasts...

Post Hoc...

| - | Options. .

Factor:

| - | & [ s |

[ ok J[ eoste [ mosmt [ concn J[_rer |
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olial e WS i) jedas ok ) (e Jaraall dayy

Descriptives
Hy1e gt
94% Confidence Interval far
Mean
M Mean Std. Deviation | Std. Error | Lower Bound Upper Bound | Minimuim [ kaximurim
A a] 2.2000 83666 AT4T 7611 92389 7.oo 9.00
B 5 76000 88443 A0000 £.4594 8.7106 7.00 9.00
o a] f.2000 1.30384 48310 45811 7.8189 5.00 8.00
Total 14 7.3333 1.29099 33333 B.6184 20483 5.00 9.00
ANOWVA
E2e gl
Sum of
Souares df Mean Soquare F Sii.
Between Groups 10833 2 58.267 4937 027
Within Groups 12.800 12 1.067
Total 23333 14
Post Hoc Tests
Muktiple Comparisons
E5he] A s
LS
45% Confidence Interval
Mean
Difference (-
(1 dae e gl ]y daie s gl J Std. Error Sig. Lower Bound | Upper Bound
A B Rl BA320 ATE -.8232- 20232
C 2.00000° Ba3z20 010 ATEB 34232
B A - 60000- B5320 ATE -2.0232- 8232
C 1.40000 Ba320 053 -02332- 28232
C A -2.00000-7 B5320 010 -3.4232- - 5768-
B -1.40000- BA320 053 -2.8232- 0232

* The mean difference is significant at the 0.04 level.
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dad (N 0.05 Agiee (gsime dic Y] o dygie ligys Slllia ANOVA Jsan (e oDy
Gl giall n 4)Eall (pu g3l POST HOC TEST Jsas ey - 0.05 e Jil 2 sig.
sI3) G (ssina (38 clllia Lelay B 5 A eIl ysine cillg aa g ail Cua LSD LAl
(mean Gyl Jaes Je * daaill agag o) . C 5B olddl n dygiae 398 pelii aly C 5 A
Ji (ssina (58 aas¥ A3ld Lehgny claladll (pm Augina (358 sany ) ui difference (1-J))
Gyl Al cwlS 13 Sig. age PR (e e (e dogiaadl ddjaa oS S L6 0.05 (e

cgsinae e G Gl LS el culS 13y gsina

Two way analysis of variance AUl ¢ulall Julas

cinauedl Gl phall dap il Jie b eie o calele 80 Al aadiig Jidatl) 1
D8l Ay T Uay . Caganl) 50U e Slan) £is il gl 50 L i) Bladl e

Ngany e Jalal) Iy Aliiunal) Lol sal
M alall lyeSl Jaasill e syhall dayny el Jlaall 586 Al dypa0 el 1k

¢ 10) & dpha oy dagls (V/em 60 < 40 ¢ 20) SlyeSl Jlaall o 2D Caoriiiad
1ol Aiga ilidlly (°C 50 « 30

20 V/cm 40 V/cm 60 V/cm
<l )<l oC
10 °C| 30°C | 50°C 10 30°C | 50°C | 10 °C| 30°C | 50°C
I 051 | 062 | 0.712 | 055 | 0.64 | 0.73 | 0.61 | 0.76 | 0.91
I 053 | 065 | 0.70 | 0.57 | 0.65 | 0.71 | 0.60 | 0.73 | 0.90
I 052 | 064 | 0.73 | 056 | 0.66 | 0.75 | 0.63 | 0.76 | 0.87
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mall | 5yl gl | e gl |
1 20.00 10.00 .51
2 20.00 10.00 0.53
3 20.00 10.00 0.a2
4 20.00 30.00 062
5 20.00 30.00 0.65
5 20.00 30.00 0.64
7 20.00 B0.00 0.7
8 20.00 G0.00 0.70
9 20.00 60.00 073
10 40.00 10.00 0.55
11 40.00 10.00 0587
12 40.00 10.00 0.56
13 40.00 30.00 0.64
14 40.00 30.00 0.65
15 40.00 30.00 0.66
16 40.00 G0.00 073
17 40.00 60.00 0.7
18 40.00 G0.00 0.75
19 60.00 10.00 0.61
20 G0.00 10.00 0.60
21 60.00 10.00 0.63
22 G0.00 30.00 0.76
23 60.00 30.00 073
24 B0.00 a0.00 0.7k
25 G0.00 G0.00 0.9
26 B0.00 B0.00 0.90
27 G0.00 G0.00 0.87

SN 3 LS el lilu e LS il JI8 ) ey 2 Jal)
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Jab les aape jedaaw << univariate << general linear model << analyze (.
Aa)35 Sl Jlad) 505 e JS5 dependent variable s I (AlyeSl Jua dill) 4l

: Jul J<al) 8 LS, fixed ails Al 5yl

Dependent Yariable:
P[P st i et |

Contrasts...
Fixed Factor(=z):
& [dlaal] s Sl 52 Plats ..
|‘§ [t Eplmil 420 | Post Haoc...

Save...
Random Factor(=): ek

Options...

Covaristels):
’_‘ WS Weigght:
il |

i Ok ” Paste ” Reset ” Cancel ” Helgs ]

IR

LSD s 5 post hoc test for ala ) Jalgall Jai jlea aaye yeday  Post Hoc s

p Al JSA 8 e WSy continue &
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6“\'«1;1[ OIAA) wzal.a

Factor(=):

[chsts

B

Post Hoc Tests for:

bzl
Bl adl

rEqual Wariances Assumed

[ r-E-zwve [ | Gabriel

LSO [ =

[ Bonterroni [] Tukey

[ sidak [ Tukey's-b

|:| Scheffe |:| Cuncan

[ R-E-5wF []Hochberg's GT2

I:l Waller-Cuncan

Type W Type || Error Ratio;

I:l Dwnnett

Control Category: Last =
Test
[-:E:- 2-zided () =cCortral () = Contral

rEqual Wariances Not Assumed

I:l Tamhane's T2 |:| Dunnett's T3 |:| Games-Howell I:l Dunnett's ©

i Continue I[

Cancel ] [ Help ]

& display means for: Z5la I Jalally dleal) CBlanall Ji lea aaye jeday Option g

Al JSA 8 e WSy continue &5 dagll clasl) Hlas
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"

I
mm

6“\'«1;1[ OIAA) wzal.a

-Estimated Marginal Means
Factor(s) and Factor Interactions: Display Means for:
(CVERALL) T
=] 03] =l
- e
E_;.|_;.:L-IIP‘¢_|I|—'}-0|J|
|:| Campare main effects
Confidence interval adjustment:
|LsD(nane) -
-Display
Descriptive statistics [ ] Homogeneity tests
[ ] Estimstes of effect size [ ] spread v=. level plat
[ obzerved power [ ] Residusl plat
[ ] Parameter estimates [ ] Lack of fit
[ ] contrast coefficient matrix [ ] General estimakle function

Significance level: Confidence intervals are 95 0%

L Continue ” Cancel ” Helg ]

) ISl 3 LS i) el OK dakuais JY) lsall aape ) agad

= Univariate Analysis of Variance

[DatazetO]

Between-Subjects Factors

[

Sl el aa

gl sl

20.00
40.00
60.00
10.00
2a0.00
G0.00

L= C I i ]
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Descriptive Statistics
Dependent Wariable, Shoetl doa 2l
ALl el dan d ) yadlis Mean Std. Deviation [+
20000 10.00 A200 01000 3
30,00 B36T 01528 3
GO.00 7133 01528 3
Total B233 08515 4
40.00 10.00 SAROD a1oon 3
30,00 Ba00 01000 3
G000 7300 02000 3
Total G467 07467 q
B0.00 10.00 B133 01528 3
30,00 rano 0173z 3
G000 8933 02082 3
Total Th22 12225 q
Total 10.00 AEd4 04187 g
a0.00 BTES 08510 q
G000 FTaL 0avET 4
Total BT 1 08ET o
Tests of Between-Subjects Effects
Dependent Yariable; Sl wl e gl
Type Hl Sum
SOl e of Sguares df Mean Square F Sii.
Corrected Madel 3038 a 38 158672 0on
Intercept 12.268 1 12.268 | 51756.250 0on
lsall 084 2 042 1790748 .0oa
iyl 207 2 104 437172 .0oa
il el * el 011 4 003 11.2149 .0oa
Errar 004 18 .0oo
Total 12.874 27
Corrected Total 307 26

a. R Squared = 986 (Adjusted R Squared = 9300
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Estimated Marginal Means

Ll 01 Jlanall 32, 1

\5\014,11 \’)L‘-\) vral.a

Dependent Variahle, b e duagll
95% Confidence Interval
ol =l e ol i1 Mean St Error | Lower Bound | Upper Bound
20.00 623 0o4a B13 B34
40.00 647 0o4a B36 Ba7
G0.00 Ta2 005 T4 TB3
iyl gadl daye 2
Dependent Yariahle Sk el gl
95% Confidence Interval
iyl y=dlds g hiean Std. Error | Lowwer Bound | Upper Bound
10.00 Ralat! 00a AA84 ATA
30,00 B74 005 BE8 630
G0.00 774 005 768 7490
il gadl Ao pa * (AL gl Jlaeadl daii
Dependent Yariahle Sl @l gl
95% Confidence Interval
| el Jladiban B glalids Mean Std. Error | Lower Bound | Upper Bound
20,00 10,00 .A20 009 Aa01 A34
30.00 B3r 004 F18 lalal
G0.00 T13 009 B85 T3z
40.00 10.00 560 009 A4 A74
30,00 .650 009 631 GE4
G0.00 730 004 T 7449
£0.00 10.00 613 009 585 B3z
an.oo 750 009 731 TE4
60.00 .8493 009 874 a1z
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Post Hoc Tests

sl sl S

Multiple Comparisons

il gl sl
S0
95% Confidence Interval
Mean
Difference (-
([ Sl el el fan EJ) Sl el Sle ol fan Ji Std. Error Sig, LowerBound | Lpper Bound
2000 40.00 -0233" 00726 00a -.0386- -.00a1-
B0.00 -.1289-" 00726 Julili] -1441- =11 36-
40.00 2000 0233 00726 00a .0os1 0386
B0.00 - 1056 00726 Julili] -1208- -.0903-
B0.00 2000 1289 00726 Julili] 136 1441
40.00 A088" 00726 Julili] 0803 Az0a
Based on observed means.
The errar term is Mean Sguare(Errory = .000.
* The mean difference is significant at the .05 level.
Homogeneous Subsets
‘SJLJAH HQ'J':
Multiple Comparisons
Ly gl sl
=1n]
95% Coaonfidence Interval
Mean
Difference (-
R A T P i Std. Error Sig. Lowwer Bound | Lipper Bound
10.00 30,00 - 11447 00726 .non -1297- -.0992-
g0.00 -21445° 00726 nan - 2287 - 1892-
30.00 10.00 11447 00726 .0on 0952 1287
§0.00 -1000-" 00726 .0on -1182- -.0848-
G0.00 10.00 2144 00726 .0on 1982 2287
30,00 Aoog’ 00726 .0on 0348 152

Based on ohserned means.
The errarterm is Mean Square{Errory = 000,

* The mean difference is significant at the .05 level.
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Jlaall 305 Glygine G 0.05 dygine (g5 dic Rygina (3558 clllia Jalaill 300 e jelay
legin Jalailly Bladl Clanay AleSl

Three way analysis of variance AMall cplal) Julas

£5is slsell A puy Caiail Al 50 e anly ke e Jalse ED6) ol (s Jiess
el gl e ¢33l

(S China ¢ rada casadi Ciial ¢ el i) Cadall bk A6 50 duly 8 il
hr! Comil) i e (Giedio (bl 213l e che sty (M/SEC. 4 ¢ 2) lsell (yie s

 Jl Jpaal) 8 A ga il

IR TENY (S adaa (b (el Caidad
Sladia Laby | (hadia Laby | (hadia Ll
4 4 4 4
2 2 2 2 2 4 2 4
m/s m/s m/s m/s m/s | m/s | m/s | m/s
m/s m/s m/s m/s
| 0.071 | 0.11 | 0.084 | 0.14 | 0.077 | 0.13 | 0.088 | 0.15 | 0.061 | 0.092 | 0.054 | 0.11
Il 0.064 | 0.12 | 0.082 | 0.13 | 0.074 | 0.12 | 0.086 | 0.14 | 0.60 | 0.096 | 0.055 | 0.099
i 0.073 | 0.13 | 0.080 | 0.15 | 0.70 | 0.14 | 0.087 | 0.15 | 0.062 | 0.098 | 0.047 | 0.11
:Jall
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el iyl 7 il T |
1 ENPHES S oL 2 mis EI.EI?|
2 (gl mn adis 2 mis 0.06
3 el < Fng oadia 2 mis 0.07
4 RRRTEpS VS cplanitn 4 mis 011
5 gl s (uadas 4 s 012
5 gl B il 4 mis 013
7 gLt s L 2 mis 0.0g
d il Cifina Ly 2 mis 0.0
g ENPHES S Lady 2 mis 0.03
10 TSP Lads 4 s 0.14
1 gttt Cifina Ly 4 mis 013
12 gl < e Luds 4 mis 0.15
13 e cplandia 2 mis 0.0a
14 S s cplanditn 2 mis 0.07
15 S mna cplanitn 2 mis 0.7o
16 By cplanditn 4 mis 013
17 S s cplanditn 4 mis 012
18 By e cpiadita 4 mis 0.14
19 S s Ly 2 mfs 0.04
20 S s Ly 2 mis 0.0
21 B Ly 2 mis 0.09
22 S s Ly 4 mis 014
25 RS RIS T planivn 2 mis 0.08
2h gl el et chlaaiia 2 mis 050
e rgmadn | cunadt it cplaiia 2 mis 0.06
28 rprmaln  cutadt it ¢panditn 4 mis 0.039
| PET TS B it 4 mis 0.10
a0 RS RIS T planivn 4 mis 0.10
il ESY NP/ Luady 2 mis 0.05
32 rgmadn | cunadt it Luady 2 mis 0.06
34 SO RIS B Luds 2 mis 0.05
34 PET TS B Luds 4 mis 0.11
] RS RIS T Ly 4 mis 0.10
5] e ot il Luady 4 mis 0.11

Aall Jais s mae yedans << univariate << general linear model << analyze
g5 401 el 5 Caganll 3l e JS5 dependent variable Ala ) (cauadl <)
Al JSal LSy fixed Al ) ¢lgeld)

338



By Ml Runia (@8 Agygunladl sylygglagll

6“\'014.1[ OL‘-\) wzal.a

Univariate

| Dependent “ariakle:

| hd | &[@Nﬂ@#lqﬂ

Fixed Factor(=):

Contrasts...

& [l el 81
& [ L gl

.@&rpmﬁn-ao& A clah &

Plots...

S
-

Randaom Factor(=):

Save...

Options...

1

]
Covariatels):
)
|T| riﬂ_SWeigHt: |
[ (034 ” Paste ” Reset ” Cancel ” Help ]
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| Univariate: Options ﬂ

Estimated Marginal Means

Factor(=) and Factor Interactions: Display Means for:

OVERALL) = " B
bz ) [l | |
ERTRT ] | « | Bl stad] (-

— ERLRT

= o 3508 L, =
ERYTT AT Bl il ol 4
Bl dl |:| Compare main effects

7 el

P16 Wl ]
Display

Deszcriptive statistics |:| Homogeneity tests

|:| Estimates of effect zize |:| Spread vs. level plot

|:| Obzerved povwer |:| Residual plot

|:| Parameter estimates |:| Lack of fit

|:| Contrast coefficient matrix |:| General estimable function

Significance level; Confidence intervals are 95.0%
| Corntinue _J | Cancel | | Helgp

Jslaadl 3 LS bl edusd OK daial &3 Js¥) (gylsall gayall I g 52yl CONTIUE Laxaal
saalul)
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= Univariate Analysis of Variance

[DataSet0] C:\Users‘asaad\Documentsh i ixi.sav

Warnings

Faost hoc tests are not performed for L3¢ 6 bacause there are fewer than three
Qroups.

Post hoc tests are not performed for <zesdl dle e hecause there are fewer than
three groups.

Between-Subjects Factors

Yalue Label M
izl 4l 1.00 | puak ciisa 12
2.00 (ool gS Lisins 12
3.00 L e st 12
ity
371 Ll 1.00 | ghola 18
2.00 Lals 18
cageillelg g 100 2mis 18
2.00 4 mis 18
Descriptive Statistics
Dependent YVariaklecusil <l
s gl A e Ll sl et £ g fean Std. Devigtion I+l
el Lt plali 2mis 0693 00473 3
4mis 1200 01000 3
Total 0847 02862 ]
Lualy 2mis 0820 .aozoo 3
4mis 1400 01000 3
Total 1110 03242 ]
Tatal 2mis 07457 00766 ]
imis 1300 01414 ]
Total 1028 03038 12
LS s ol 2mis 2837 J3B056 3
4 mis 1300 01000 3
Total 2068 243G ]
Lualy 2mis .0avo o100 3
4 mis 1467 O0a77 3
Total 1168 03289 ]
Tatal 2mis 1853 25220 ]
4 mis 1383 011649 ]
Total 1618 17188 12
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e el e gHanisn 2 mis 2410 31080 3
4 mis 0953 00306 3
Total 1682 2121 B
Lusly 2 mis 0420 00436 3
4 mis 1063 00635 3
Total 0742 03016 ]
Total 2 mis 1465 22223 ]
4mis 008 00749 B
Total 237 158180 12
Total i 2mis 1980 28754 9
4 mis 181 01706 9
Total 1468 18212 18
Lualy 2mis 0r3v 01658 9
4 mis A0 01985 g
Total 1023 03442 18
Total 2 mis 1358 18824 18
4mis 123 01973 18
Total 1294 3207 36
Tests of Between-Subjects Effects
DependentVariable:cuedl <ult
Type lll Sum
Soyrce of Squares of Mean Square F Sicl.
Corrected Model 15648 11 014 a1 682
Intercept 603 1 603 31.875 .0oa
alaie 021 2 011 568 574
el 026 1 026 1.398 249
&l 001 1 001 078 783
e * abian 022 2 011 592 561
£ el * ol all .0z0 2 010 536 592
el * 3 044 1 044 2338 139
el * g * aliie ol .0zo 2 010 527 597
Errar 484 24 0149
Total 1.214 36
Corrected Total H10 35

a. R Squared = 256 (Adjusted R Squared =-.085)

Estimated Marginal Means

il il gl q
Dependent Variableczasdl e ol
95% Confidence Interal
=l Wean Std. Error | Lower Bound | Upper Bound
el i 103 040 o 185
(ol S isimn 62 040 a0 244
s gl Cigind 124 040 042 206
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ERE AP
Dependent Yariahlecuhasdl ol
95% Confidence Interval
dae & 1 gil hlean Std. Error | Lower Bound | Lpper Bound
el NETE 03z 0an 223
Lualy A0z 03z 034 69
wadall] gl p g
Dependent Yariakhleczasil Suls
495% Caonfidence Interval
[ P hean Std. Error | Lower Bound | Upper Bound
2mis 36 03z Nul | 203
4 mis 123 03z 056 a0

ib| gl * duiadll Bl 4

Dependent Yariahleczasil Luls

95% Confidence Intemval
=gl o e e | gil Mean Std. Error_| Lower Bound | Llpper Bound
B [ .094a 056 -.021- 211

Lealy 11 046 -.0045- 22T
cola S min g CHutla 207 0486 041 a23
Lealy 17 046 .om 233
g gl il ol 168 056 052 284
Lusly 0ra N&F - 03r- 1495
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ol 2k gy * wdalll Bk 5

Dependent Variakla sl <uls

95% Confidence Interval
=l 8L e Mean Std. Error | Lower Bound | Upper Bound
el L 2 mis 078 046 -.040- 14932

4 mis 130 046 014 248
(ol S cEiaa 2 mis 185 056 064 am
4 mis 133 046 02z 254
(e el i 2 mis 146 056 0N 262
4 mis Aam 046 -.015- 217

cisiaddl 2l gh g g * i 51l 6

Dependent YWariakle ceasil <uls

95% Confidence Interval
T ) P I v Y PN Mean Std. Error | Lower Bound | Upper Bound
pluada 2 mis Jaa 046 03 2493
4 mis 14 046 Rujeli] 210
Lualy 2 mis 0rd 046 -.031- 68
4 mis A3 046 036 226

isindl gk p o * kAl plgil * cisdadl iy 7

Dependent Vartiahle el 2wl

95% Confidence Interval
caail gk e e gl caasil gt £ g hlean Std. Error | Lower Bound | Upper Bound
e iz plada 2mis 069 075 -.095- 233

4 mis 120 078 -.044- 284

Lealy 2 mis 082 078 -.0832- 246

4 mis 140 0rg -024- 304

b S e plada 2mis 284 075 20 448
4 mis 130 075 -.034- 294

Lealy 2 mis .08y 078 -077- 251

4 mis 47 078 -017- AN

e pials i el 2mis 24 ora 077 405
4 mis 0495 075 -.069- 259

Lealy 2 mis 052 078 =112 216

4 mis 06 0rg -.04a8- 270
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.0.05
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Post Hoc Tests
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asial 4l
Multiple Comparisons
sl by
LSD
95% Confidence Interval
Wean
Difference -
([ =t g L A P e i St Error Sig. Lower Bound | UpperBound
et T8 (ool 1S ciEina -.0590- 05616 304 - 1745 J0aEq
(e eaiils s -.0208- 05616 714 - 1367- 04951
cola S cCigina el im0 .04as80 05616 304 -.0565- 4744
PESL R 03gz 05616 A03 -0FFr- 14841
PECLIINTAS S I R S 0208 05616 714 -.05851- 36T
el S iz -.0382- 05616 A03 -1541- 0777

Baszed on obsered means.
The errorterm is Mean SquaredErrory = 014,
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