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Abstract

Pump performance is determined from four quantities which are total energy added to
the fluid by the pump , flow discharge , power input to the pump shaft and pump
shaft speed. Total energy is calculated from the flow and pressure measurements and
the other three quantities are measured directly. From the test figures, the gross
efficiency can be computed. Additionally, measurements of the net positive suction
head, NPSH, may be called for, so that cavitation performance of the pump may be
estimated.
Every pump regardless of size classification should have at least some kind of
performance test before final acceptance by the purchaser. If not, the customer or user
does not have any way of knowing that his or her requirements have been fulfilled.
Performance tests of pumps and the test methods will depend on the ultimate purpose
of the tests. Tests normally fall into one of the two purposes or objectives:
1. Improvement in design, or actual operation, thus enabling any effect on
performance by a change or modification in design to be evaluated.
2. To determine if contractual commitments have been met, thus making possible
the comparison of specified, predicted, and actual performance.
However, the main objective of this research is to run performance test on a
centrifugal pump and to study its characteristics. The test apparatus is of a small scale
designed as a simple self-contained to permit this study. It is a two-stage unit consists
of two identical pumps that may be operated either in parallel or in series, thus
permitting a study of a multi-stage pump. It is a specially built scale model pumps
made by Plint and partners limited company which specializes in manufacturing
engineering education equipment.
The experimental results obtained were absolutely satisfactory and almost identical to
those provided by the manufacturer. The efficiency of the pump was found to be a
low value compared with accepted values for industrial units which reach a value of

about 75%. The reason for this low efficiency about 45% is the small size of the
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machine which results in a disport portioned losses (i.e. bearing, gland and skin

friction).
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' © 103 x 2932 x 0.10042 pN2D2 ~ pN2D? N2D2

=(kH)
LS sl = P

3yl Jalaa

289 wy

1.12x 1073 = =
103 x 2933 x (0.1004)5  pN3D°

(kp) 3,3l dalrs
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:(D) &) ,Las) 4.4.4
oylaie il ax i (3,45 3000reV/min layake Al (symd ey 2ie lelydll 341 1,
012bar
0.12bar = (Py — P,) bl 3¢ P; = 0.36bar , P, = 0.24bar
Q =0.2V77 =1.755l/s ,h =77mm Hg ,F = 6.2N ,P, + P; = 60kN /m?
c(Wl) d&ﬂ\ 'é).ﬁ c&tﬂh
sy, o 82X3000 o
DEWLE 33y T OO
¢ Al 5yl
4S5 el 5,3 = (P, + Py) X Q = 60 X 1.755 = 105.3w

¢ Z\,ﬂu;\;z” Bguﬁ\j

) ) 105.3
WYl = Noperau = 348.6 =30.2%

(Experimental Results and Discussion) 4délially 4 ybial) miliil) 4.5

1§ adl) bylaa Hlid) 4.5.1

paan (S)ptidl) Slen Lot Jadd 33ydall (oY) Al jall Baiiae phadials SLERY) eha) o3
due = (gstdll cul eg.) damll Glé Wb Adajall (AU Ol Jaxse g daeall d22a
OS5 Al Aniiaall dgall A xa Laplie oSa Y (1-0) &8) 05 .(0.243 = ol
e gilaall e byjlial copal daicadl dgall o daluy 13 0.20 J 26l<a

okaa¥) sha) vie Lan Al cligmall dam ()il spladd cosliall HLEaY) ehal wi ol

t V) b il (S g
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Yy Tan puia dien o 2ag el OHAS axdiially 3l 50 R Ll sl oAl
AN e sl bl Load aaadl) syl T el Glyadl Jans ae ol
LAl AEall Lyl

I Ol din g sale] 3Lk (8 A Aalue L B)seana spulse 3Su0s Sleall of L
gt LS LSeY) ok dw adai e a5l gsidl) dil Lebae S Y oAl
izl dgall

LS5 iy b ydall dagides anall 508 jaulse aladiul Gyl 4agsale] ehal o .
Sy el Mo Cuyad Leie anty 2 il 038 L Capaal) Byslal dped) Cipdall sie
Al il

A e el Maa) siia B el Gl Jane o Aiis (e Lisi (AT A Sllla
il o Llaall dllyy Sleall g agine cda ooy QIS pe piaall b Aaliall du)l)

(Rotameter) ¢Lyw (wbis e.9. (Master device) fulall jlea Zaiiadl dgal) ardis

diswdy (sl e Moall o pulall doas 2oy 43l 4l oda 8 . (5) 50l 5y0lal

O La s il moagy aesn Jleal) 1aa e o jialall Aaides cnae LS lyad) Jass

13 g il elae Lealaiind (o bl Ayl b jinle Slea Lt g Y il

calle 3)Sall Glsraall Aalles o

:(A) o) L) 4,52

Al ) 05Se (A) o) i) ol il b bl sl of b

3000rev,/min (gswdll e pud) die 3yaall AN s el Adcae Ao Lady) 12 ¢lya)

.2000rev/min lylate Aassie de yus 2ic g
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OS5 ((2-<) Jas ¢(2-) dsra ale) Lale Jyaanll py Al cillabadally Jglaal
S (b il 5oLl ddais DI dalaiall dnlll Jagladl) Aaiiadl) deal) il dglia
Adaall Q) duaal) Alla Jaes

Al (ailadl) Juad) Jual) A et ¢ (gpaill) deyull die Jaladal) (he

%47 = ssadll 3:LS))

10.7m = 105kN/m? = SV Qo craws

1.2 L/sec = gyl Jara

270w = 5yl Dl

A Loy s, slalls Lyadl 3ls .2000rev/min ) deyudl Gmias 2y e
Belel) Mg 550K ) pan AUl By8l) At ey cadlle Al Chal

:(B) « ,lusl 4.5.3

Uaidie sle de o gl Jiae e gl A o) ds A Aal) Lasy) 1 sy
ALY slall aad sl A5 Lty 53yke Adcmas ajlanil oy (3 slall Lo lone L
O 3ol galadin) o 4t JS G pailiadll s3a oo Lai . glipadl Jlae cilbia o
(3= S35 ¢(3-T) Usan Gale) Gl ki dgn

:(C) &) i) 4.5.4

Ol kel (oY) Al ddme e sihal i (C) Bl (ailbadd) Hlad) L
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A s ity ondl planal oyl (3l o) aia ofy LS 4l Laa) 1as sy
Oyl Jiea

& i Bpal) 325l G ((5-0) IS (5-T) Jsas al) DLasll 13 (e ey
LSy seall el 138 die s K50l 5l 3 0L Gl ity oyl € (aless)
Cnad) das a8 Al 30l Ll sl (g p il has vie elsell e cilelid (35

Alaall e 8 i ElS O3S g 13y Gl Y Alla gie g

42



oualid) Juadl)
(Comments on the Equipment) jgadl Ao Cilundas
tdaladl) Jag pdd) aa Slgall (38155 5.1
osil) 8 Anmgall A gal) i3l we 80 8y gm Blg 4l s Sleall (gyal 50
1ag Load agladl) e V) el bl & jlne Beals Sleall aup i iy o L LA
O il
il Glislh e 8em (s ax0 briall julia 1
12 20CM Lelsh gyals (gys-tiall I8 500m sa Lelsh daiiwa 5)5ule elllia .2
- () pidl)
:3.30M (sl A3 5ysnlad) Sl o Ly SLaaY] @il e adle 5)5S0) A85Y) G35
Jaall e Alhle @l Glal) (ans o Ll e st il uiil s Y Glaiad) of Jaadls
Asass ol Bsusle jualy aBlias alSaly jleadl ana jraal dlld aayg Adish o)l
21y plea
LAY eha) cligra 5.2
) (A leandli (K chladl¥) dee e padi ) Gilgeiall
50 Zadl 53 ~liall Galdl i Laghal oKa Y (gysiaill sylae duyat ol lale 3 WS L1
Algire Ars 3 (A gy Alaed) o3 i (e L
A1 38T Gang 1315 (gL Akl ansl) (g Aaguae el 34T 855K B @lilia .2

.3.3:1.3;‘}:9.{4:\:\1& JS e Ec«)ﬁQA

43



Gleleall 3le 208 e lehadn 3 jiall A0 o) adde das 0 3K cllas .3
e\l
Lija hgriae e aleall 05 o o0 Ul 5)5ue aalady) 53 slesall 1uad .4

0a Bygean o)ladl & Y (Il 5 sl Jasca ld adle

44



udlad) Juadd)
(Conclusion) 4ailal)

:AalAl lalie) (Kay oliaf 35S0 Jalaal)

e Alae Ly 0555 Tan Aaike o SHLasY) apead Lele Jsaamnll oy A i) .1
Asiiall 3550 Aaudsy sl 2

220t (e L Al b gacall 3 0200wy ol uliall ()il Blaa jlidl 2
V) LAY Gl Ve e Glos s JEIL L b daliall gl
-0.02 £ 3anud) A58 el sy sUana (5) ol 450 Aad aladiuly Wdbs 2

47% \ajlaia (ol 35S 2ic 10.7 M o)lrie il sl 1.2 [/5 A adll Cijuai .3
gl 2l giijlae o Lodie diaidic 5eliSl) oda yfiad . (gpuail) depully Jaiis Lavic
e paty s ALl yall anall 5o @ld (g (75% ss) e liall @laasl
.(skin) 5,385 (gland) ssaa ¢ (bearing 10sses) Jalaa clasad

Gxe e LS ¢ B3kall Aamd) o Sl STl (it sle Jaed (gl 4uip L4
Ol @Y Gilia e Wle Tsle Jaat sl 45 Lein -] i sndd adl

23l Slyaal)  Jasy o 4€ad 5 ykie Aoy ) ddcad) lea of W L5

.
Pt

5yl Dlgin) aady

il Aolealal) bgraall mids i
gl claiad) e i i
CuSHl Aadee Jen LV

Neale slae¥) (Ko Cuns dlle 30US culdy Jurdal) e Sl 6 Lasec .6

45



& lmally casl)
Hawad) gabally casl

¢ "(A3) pilsall \SulSaa ) (1) LS5 p0m T3S0 " ¢ Glatls onpall a2 Al .1
- (1995) ¢ 4SSl dunigl) and ¢ Ally Al A0S ¢ Jaill (ool daala

S ¢ dal) gols Aaals " (2) Ao cNT 58" ¢ aldl saal el z3 .2
(21997 ) ¢ ASulSuall Auxigl) and ¢ Al duxigl)

" (B3) pilsall KailSae 51 (2) ASdgam T 5)S0a "ladis el a2 Al .3
(21995 ) AKilSuall Auarigh) and ¢ Amlly Auuvigh LIS ¢ Jull (g0l5 dasla

- ((£2016) ¢ LSl 5oV ¢ "pilsall IKilKa " ¢ Bava aila 32 4

(p2014) " al ol aojlia (B Gudigall dia " ¢ sne Jild a2 Luaigd) L5

(#2016) ¢ " laad) Lasl i€ " ¢ Glabu el 32 Al L6

(p2014) ¢ " @l Hhall Adime preai” ¢ S 0 Lagi dlee T

(52015) ¢ " wilsal) 1Kul<aa " ¢ 2alall de 22 alac 32 .8

(52010) ¢ " Akl pilsall ilKa " ¢ Adal) e anll 2 .9

(p2016) « " leelsily Slaadl " ¢ gyl daa cpall e erigdl .10

(p2016) nl ¢ SEN gall = ANy PlilaY) Claea dalall cillalpsy) .11

¢Sl Aslaguall plall " adlgall " canahl mlla a2 pla caaldl e a2 slae 112
(p2001) ecaguad) ¢ aghayal)

(+1988) ¢ gy ¢ " pilsall KuilKoe " ¢ DLl de i .13

. 21980 (3ted Aasla ' (1) cllyyuell " ¢ aaidll juiiaz .14

46



Alaiy) galyally s

. Bernard Massey, " Mechanics of Fluid "', Eighth edition, Taylor and
Francis Publisher, (2006).

. S.L. Dixon , "™ Fluid Mechanics , Thermodynamics of Turbo
machinery " 5" edition , (2004 ) .

. Zoeb Husain , Zulkifly Abduallah , Zainal Alimuddin , " Basic Fluid
Mechanics and Hydraulic Machines ", BS Publications , Hyderabad
, India , (2008 ).

. Jyh- Cherng Shieh, Department of Bio — Industrial Mechatronics
Engineering , National Taiwan University , " Fundamentals of Fluid
Mechanics , chapter (12) Pumps and Turbines ", (2014 ).

. Colin Caprani, " Fluid Mechanics, 2" year, Civil and Structural
Engineering"”, (2007).
. Csaba Hos, " Fluid Machinery lecture notes ", may (2014).

Frank M. White , University of Rhode Island , " Fluid Mechanics ",
Seventh edition , McGraw Hill Publishers, (2009 ) .

. Bruce Hunt , Department of Civil Engineering , University of
Canterbury , Christchurch , New Zealand , " Fluid Mechanics for
Civil Engineers ", (1995).

. Osama Mohammed Elmardi Suleiman, "Fluid Mechanics Examples
and Answers", (2016).

10. Jack B. Evett, cheng Liu, "2500 Solved problems in fluid Mechanics

and Hydraulics", McGraw Hill Publishers, New York, (1989).

11. Goswami D. Y. and et. al., "Energy Conversion", CRC Press LLC,

(1999).

47



12. Osama Mohammed Elmardi, "Further Experimental Research Work
on Water Current Turbines", Lambert Academic Publishing, (2015).

13. Rama S. R. Gorla, Aijaz A. khan, "Turbo machinery — Design and
theory", Marcel Dekker, (2003).

14. John F. Douglas and et. al, "Fluid Mechanics" Fifth Edition, Ashford
Color Press Ltd, Gosport, (2005).

15. Andrew Sleigh, "An Introduction to Fluid Mechanics", May 2001.

16. M. Bahrami, "Introduction and Properties of Fluids”, Simon Fraser
University, (2009).

17. Fred Stern, "Fluid Mechanics", (2013).

18. John F. Douglas, R. D. Mathews, "Solving Problems in Fluid Mechanics
—Volume (2)", Prentice Hall Publisher, (1996).

19. T. Al-Shemmeri, "Engineering Fluid Mechanics”, Al-Shemmeri and
Ventus Publishing, (2012).

48



] | (s O )

Sla 121966 lall (& Glagadl syidae diaas 3 Glali oasall a2 Al
pladl 8 3yadae — ASlSaall duaig) A0S e A Sl daia asdiy e
e Sl Anigl) 8 sl Aayy e L (Jiaas 21990
e la LS 21998 alall (3 ashjall — Liaglgi€ally alell s gud) Anals
& She — daill (gals Arals e Msall S8 Ganads B jiualdll da
al3 22017 alad) 8 i) (53l Amala (e ol)5iSall An 05 22003 alall
QS e gl BLaY L (hasad) Jals Glaalal) e maall 6 Gyl
Aale 48)5 rued] ALY L Ao plai) Al (3S 5y daly Ay jall 45100
sl (ra T e ailhys) ila ) dualle CDlaay 35 550 (A 5)sdia
psbadls ¢ asnyslSall ¢ dlall ashall ¢ Hivalall s (e JSI )80 Gaay
— Ay duigl) A0S Laluall oy ac e Al ks g (V) Jads . alal)
Aakiall Apwaigh Giysll (el (6LiinlS alead AalaaYl L Juil) (sl dasla
Adigll sl (55 Ao ganal 8 paeS alee Cauilag 1 L3jikae dpcliall
Slalalyd (€ dalal) alahally il ) cililglauls (3805l 3aach 3kl Al

c <l s gl

49



Jalas (

Laala

~—

) Gale

(S5 Gubgha Slan (1-1) o) dgan

Iopudl | Ol paa a3l el gl Sl Jina
(rev/min) | () Giyadl (Ait) h Vh (L/S) Adall
mmHg
3000 50 23.4 95 9.75 2.137
2875 50 26.4 85 9.22 1.894
2700 50 28.2 77 8.78 1.773
2560 50 30.0 71 8.43 1.667
2407 50 32.4 64 8.00 1.543
2200 50 36.6 56 7.48 1.366
2000 50 39.0 48 6.93 1.282
1850 50 40.8 43 6.56 1.225
1770 50 43.8 41 6.40 1.142
1600 50 46.8 36 6.00 1.068
1400 50 57.0 31 5.57 0.088
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(A) & ksl (2-) Jsaa

Lin | li |Lial| dall | ae,d )8 5,3 5 i)
|| 0 | F rev/min | 7:1ng Lfs Jadl | Sl | Ay
P, | P, | KN w, W, %
bar bar m? watt watt

0.14 | 014 | 28 | 29 | 2000 37 | 1.22 | 109 34 31
016 | 016 | 32 | 28 | 2000 32 | 113 | 105 36 34
018 | 018 | 36 | 27 | 2000 28 | 1.06 | 101 38 38
020 | 020 | 40 | 2.6 | 2000 24 | 098 | 98 39 40
024 | 024 | 48 | 21 2000 16 | 080 | 79 38 49
026 | 026 | 52 | 1.9 | 2000 10 | 063 ]| 71 33 46
0.24 | 036 | 60 | 62 3000 77 | 175 | 349 | 105 30
026 | 038 | 64 | 6.1 3000 74 | 172 | 343 110 32
028 | 040 | 68 | 6.0 3000 73 | 171 | 337 | 116 35
032 | 044 | 79 | 59 3000 67 | 1.64 | 332 125 38
036 | 048 | 84 | 56 3000 59 | 1.54 | 315 129 41
040 | 052 | 92 | 54 3000 52 | 144 | 304 132 44
0.46 | 058 | 104 | 4.9 3000 38 | 1.233| 276 128 47
050 | 0.62 | 112 | 4.4 3000 27 | 1.04 | 247 117 48
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(B) &1 sl (3-1) Jsaa

First Stage Second Stage Venturi Flow
5, Jepudl | Jeadl | b bia | Laal | Aoyl | Jeadl | L bia | el 5,8 Laal | Jal 5 ¥ 3 pligl)
Jay | Tev F caud) | it |y | TEV F candl | et | A Jayll h Q Q Ay [ My | Adgned [ %
wq /min N P Py Py /min N bar bar Py wy mmHg L/s L/h KN/m? wy wo
watt + Py + P watt watt watt
KN KN
/m? /m?
2924 | 3000 52 | 0.17 | 0.84 | 101 | 3000 | 5.5 0.18 | 0.82 | 100 | 309 225 3.0 | 10800 | 1005 |601.69 | 301.5 | 50.1
2699 | 3000 | 4.8 | 0.15 | 0935 | 108.5| 3000 | 5.3 0.16 | 0.95 111 298 190 2.76 | 9936 | 109.75 | 567.94 | 30291 | 53.3
253 | 3000 | 4.5 | 0.13 | 1.03 | 116 | 3000 | 4.9 0.14 | 1.06 | 120 | 275 147 243 | 8730 | 1181 | 528.58 | 286.15 | 54.1
230 | 3000 | 4.1 | 0.11 | 1.13 | 124 | 3000 | 4.75 | 0.11 | 1.18 | 129 | 267 110 2.09 | 7551 | 126.5 | 497.65| 265.4 | 53.3
185.6 | 3000 | 3.3 | 0.09 | 1.21 | 130 | 3000 | 4.0 0.1 | 1.205 | 130.5 | 224 67 2.64 | 5893 | 130.25| 410.49 | 213.22 | 51.9
149.1 | 3000 | 2.65 | 0.07 1.3 173 | 3000 | 3.2 0.07 | 1.30 | 137 179 24 0.979 | 3527 | 137.0 | 42895 | 134.12 | 40.8
376 | 3000 | 6.7 | 0.29 3000 | 7.1 0.15 79 399 130 2.28 | 8209 79 776.01 | 180.12 | 23.2
365.5| 3000 | 6.5 | 0.27 3000 | 6.7 0.70 97 376 118 2.17 | 7821 97 742.27 | 210.78 | 28.4
348.6 | 3000 | 6.2 | 0.22 3000 | 6.5 1.00 | 122 365 104 2.04 | 7343 122 | 714.15 | 248.76 | 34.8
326.2 | 3000 5.8 | 0.20 3000 | 6.2 1.47 | 167 | 348 84 1.83 | 6599 167 | 674.15 | 306.11 | 45.4
292 | 3000 | 5.2 | 0.17 3000 | 5.9 1.75 192 | 331 70 1.67 | 6024 192 | 624.18 | 321.22 | 51.5
269 | 3000 | 4.8 | 0.14 3000 | 5.5 2.00 | 214 | 309 55 1.48 | 5340 214 579.4 | 317.36 | 54.8
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(C) &) laal (4-1) Jgan

ic > d) ic > el Javiia Jaiia =) Jaall Jarall Jiza Jaal) 3,48 Jalaa Jalsy, ?5 ) Jalaa Jalaa
rev/min rad/s ‘7‘5*‘"“ uymﬂ\ h F ‘“’Jsj\ C)lf)“‘n W, (watt) Olf.)*"‘n iepNDZ/ﬂ i) E)Aﬂ\
P,(bar) P,(bar) mmHg N P, 0 9 —PytP) | m
+ P2)(KN /m?) (L/s) j1003/1vn3 x10%/pN*D* | =Ww/PN3DS
3000 214 0.23 0.38 96 6.5 61 1.96 366 6.16 x 1073 31.6 x 10° 61.3x 1073 1.165 x 1073
2800 293 0.23 0.33 83 55 56 1.82 289 6.13x107° 29.5 % 10° 64.0x 107 | 1.130x 1073
2700 283 0.23 0.3 76 5.1 53 1.74 258 6.08 x 1073 28.5 x 105 65.8x 1073 1.163 x 1073
2600 272 0.23 0.26 69 4.8 49 1.66 234 6.02x107° 27.4 % 10° 65.6 X 107 | 1.136 x 1073
2500 262 0.23 0.24 63 4.5 47 1.59 211 6.01x107° 26.4 % 10° 68.0x 107 | 1.152x107°
2400 251 0.23 0.22 57 4.2 45 1.51 189 25.25%x 1073 25.25 x 105 70.0 x 1073 1.167 x 1073
2300 241 0.23 0.19 51 3.75 42 1.43 162 2425%107% | 2425x10° | 71.8x107° | 1.164x 1073
2200 230 0.23 0.17 45 34 40 1.34 140 23.1x107° 23.1x10° 748x 107 | 1.161x107°
2000 209 0.23 0.12 35 2.9 35 1.18 109 21.0x107® 21.0 x 10° 792x 107 | 1.160 x 1073
1900 199 0.23 0.1 30 2.6 33 1.1 93 20.0 x 1073 20.0 x 10° 82.7x107* | 1.152x 1073
1750 183 0.23 0.06 23 2.2 29 0.96 72 13.4 %1073 13.4 x 10° 85.6x 107 | 1.150 x 107*
1660 174 0.23 0.05 19 1.09 28 0.87 59 17.5% 1073 17.5 x 10° 92.0x 107 | 1.105x 1073
1540 161 0.23 0.02 14 1.65 25 0.75 48 16.2x 1073 16.2 x 10° 954x107° | 1.113x 1073
1470 154 0.23 0 11 1.5 23 0.66 41 15.5%x 1073 15.5 x 105 96.3x 1073 1.1105
x 1073
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p =1000 kg/m3
pu=1002x10"%kg/m.s

(D) &)1 Jlaal (5-1) Jgaa

) biia bia il G4 | S Ll Jaal) ds yual &) suidl) w, = WZ(P 5 gl
. - . K = 1
P, | = pp | Pitp, | F v P20
P, (bar)

bar bar bar KN /m? N rev/min | HimmHg) Q(L/s) Watt Watt %
0.24 0.36 0.12 60 6.2 3000 77 1.755 105.3 348.6 30.2
0.26 0.38 0.12 64 6.1 3000 74 1.72 110.1 343.0 32.1
0.28 0.40 0.12 68 6.0 3000 73 1.71 116.3 337.4 345
0.32 0.44 0.12 67 5.9 3000 67 1.64 124.6 331.8 37.6
0.36 0.48 0.12 84 5.6 3000 59 1.54 129.4 315.0 41.1
0.24 0.52 0.12 92 5.4 3000 52 1.44 132.4 303.7 43.6
0.46 0.58 0.12 104 4.9 3000 38 1.233 128.2 275.5 46.5
0.50 0.62 0.12 112 4.4 3000 27 1.04 116.5 247 4 47.1

dlaall ki D = 0.1004(m)
@siidll e Q = 0.2VA(L/S)
ageluall s K = 53.35
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