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VOLATILE CONSTITUENTS

ORANGE ESSENCE

FRESH TASTEETHYL BUTYRATE
.

--
ESSENCE RECOVERY EQUIPMENT

COLD PRESSED OIL
-60

EVAPORATOR)
RECOVERY OF AROMA.(

ORANGE JUICE BITTERNESS

 .
LIMONINNARINGIN

 .
LIMONIN MONO LACTATE LIMONIN DILACTONE

 .

-.

:

-)PE(STERASEEECTIN P
PEDEMETHYLATES

PE
.

-)GPM(ALACTURONASEGETHYLMOLY P
MONO AND DIGALACTURONIC 

ACID.

-)PM(OLY GALACTURONASE P

.
PE

DEPOLYMERIZATION 
OLIGO GALACRUTURONIC ACID

.
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--pH
-) (

185
.

CITRIC ACID
TARTARICBENZOICSUCCINIC

MALONIC.

160
CLOUD LOSS OF JUICE.

-210CLOUD STABILITYPH
 .

 .HEAT EXCHANGERTUBULAR
PLATE TYPE.

FILLING

COLD WATER SPRAYCONVEYOR BELT100
.

/HEAD SPACE
.

PLAIN TIN
SINGLE STRENGTH CITRUS JUICE.
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CONCENTRATED FROZEN ORANGE JUICE

 %.
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 .
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.

VAPORATIONE

EVAPORATORS

.

120)FILM (
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 .

.

180
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 : :
:to = 39 Co

:

IHVE
)--- (

)41 Co.(

ASHRAE
:

 (30 + 31 + 31 + 30) = 2928×24
:

1% :0,01 × 2928 = 29,28
30

2928 – 30 = 2898 

ASHRAE 39 Co.

39 Co.

 ::19 Co.
 :)+ 4 Co(

.
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I
52 × 31 × 34 (cm)

)Kg (1,7.

25 (Kg).

 :

 = (1575 × 103 ) ÷ 25 = 63000 
)m(1,1 ×  1,1 )cm(20

22 (Kg).

 :

= 63000 ÷ 18 = 3500
)0,4 ÷ 0,5 (

)cm(50 ÷ 100.

.

.

 +.

1575 Ton

:63000 × 1,7 = 107100 Kg = 107,1 Ton
 :3500 × 22 = 77000 Kg = 77 Ton

 :

E = 1575 + 107,1 + 77 = 1759,1 Ton

ASHRAE.
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 m3

E :.

vq
EV

qv :)0,3.(

)(67,5863
3,0

1,1759 3mV

m2

h
VF

h :

.
h = H – 1 = 6 – 1 = 5 (m)

H :.

Fb

)(73,1172
5

67,5863 2mF

)(47,1484
79,0

73,1172 2m
B
FFb

Fb = 1484,5 (m2)
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87,6
216

5,1484
f

Fn b

f = 216 (m2)

nd = 7 rooms

)(7,1791458,1847
87,6
7 TonE

n
nE d

d

.
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II

:

90 cm60 cm0,257 (m3)

18(Kg)

250 (Kg)

(m) 1,25) ×(1,25

20(cm) .

 := (800 × 103) ÷ 250 = 3200

: 4 = 800÷3200

:3200 × 18 = 57600 (Kg) = 57,6 (Ton)

35(Kg):

35 × 800 = 28000 (Kg) = 28 (Ton) 

 : 

800 + 28 + 57,6 = 885,6 (Ton)
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 m3

)(43,843
05,1

6,885 3m
q
EV

v

V = 843,43 (m3)

 1 (m3)1,05 (Ton)

qv = 1,05 ( Ton / m3 )

m2

)(69,168
5

43,843 2m
h
VF

F = 168,7 (m2)

Fb

)(26,216
78,0

7,168 2m
B
FFb

Fb = 216 (m2)

)(2881224 2mf

75,0
288
216

f
Fn b

nd = 1 room
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)(8,11806,885
75,0
1 TonE

n
nE d

d

Ftot = 7 × 12 × 18  +  24 × 12  = 1800 (m2)

F ' = (0,1 ÷ 0,2) Ftot = (180 ÷ 360) (m2)

  :

18 × 12 = 216 m2

Fb (m2)F (m2)E (T) Ed (T) 

636,2118×12753,9767,73

424,1418×12502,6511,82

424,1418×12502,6511,82

21624×12885,61180,81
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0,25 (W / m.Ko).

.

.

 .

.

-.

-.

-.

-.

-.

-.
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-.
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 :

:

  :)./(047,0 oCmWatt

 :)/)(1005,1( 3mKg

 :)./)(08,0047,0( oCmWatt

 :)/)(300100( 3mKg

 :)./)(17,0087,0( oCmWatt

:)/)(400300( 3mKg

  :)./(17,0 oCmWatt

 :)/)(1000600( 3mKg
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[Kg/m3][W/m.C]

25 - 40 0,047

250 - 350 0,08 - 0,093 

300 - 400 0,15 - 0,19 

- - - - 0,04

850,04

1800 - 200 0,75 - 0,85 

10500,18

700 - 900 0,29 - 0,35 

300 - 500 0,13 - 0,093 

2000 - 2200 1 - 10,4 

2300 - 2400 1,4 - 1,6 

18000,76

16000,88 - 0,93 

1700 - 1800 0,326

- - - - 1,05
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:
 = 0,035 (Watt / m .Co)

.

:

0,027 ÷ 0,04 (Watt / m .Co)
.

 : 

 = 0,04 (Watt / m .Co)

 : 

 = 0,041 (Watt / m .Co)
100 Co.

--–.
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.

.

[W/m2.Ko]

[C]-40 ÷ -30 -25 ÷ -20 -15 ÷ -10 -40412

00,21/0,20,26/0,24 0,33/0,30,47/0,40,52/0,44 0,58/0,47 0,7/0,52

1÷ 80,2/0,190,23/0,22 0,28/0,27 0,33/0,35 0,40/0,37 0,44/0,42 0,64/0,52 

0,19/0,170,21/0,20,23/0,230,28/0,260,30/0,290,35/0,330,52/0,47

:.
.

9 C o
.

[W/m2.K]

80,125

90,111

10,50,095

23,30,043

6÷70,143 ÷ 0,167 
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-4 ÷ 4 -10-20 ÷ -30 

[W/m2.k]0,410,290,21

0,23

0,26

0,47

0,28

0,33

0,52

0,58

[Co]-30-20-10-4412

k [W/m2.K]0,270,280,330,350,520,64
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ii

i

oo
uu k

111

:

, iu :[W/m.K].

ko :.

ui :.

ukd:

n

i u

u

ii

i

o

dk

1

11
1

.

k

k
( W/m2.Ko )

k
 ( W/m2.Ko )

120,67-40,38

40,53-100,39

00,42-200,26

13 W/m2) (.
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.

.

.

  ( W/m2.Ko )

25

15

9

DESIGN AIR TEMPERATURES

32 Co

)3 ÷ 6 (

.

( C o )( C o )

1918

1921

1921

2022

1820
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 :

*.

*

:

t i ( C o ) 

10 ÷12 

-1 ÷ 4 

-24  ÷ -18 

.

C o

)(
4,52,84,511

)(
3,523,58,5

)(
2125

.
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 :

)m(
)W/m 2. C o(

-0,020,9

-0,20,76

-0,020,9

- +0,0020,18

-)(u0,04

- +0,0020,18

-0,150,76

-0,020,9

:

 :

i = 9 (W / m2. K o)
 : 

o = 23,3 (W / m2. K o)
)Co( 4

)Co(9 : 
 ko = 0,35 (W / m2 . K o)

:

9
1

76,0
35,0

18,0
002,02

9,0
02,03

3,23
1

35,0
104,0u

u = 0,086 (m) = 8,6 (cm)
 : 

u = 9 (cm)
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:

)m(
)W/m 2. C o(

-0,20,9

-0,150,76

- +0,0020,18

-)(u0,04

- +0,0020,18

- +0,020,9

:

 :

i = 9 (W / m2. K o)

o = 9 (W / m2. K o)

 :

 ko = 0,58 (W / m2 . K o)

:

9
1

76,0
15,0

18,0
002,02

9,0
02,02

9
1

58,0
104,0u

u = 0,049 (m) = 4,9 (cm)

 : 

u = 5 (cm)
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:

)m(
)W/m 2. C o(

-0,020,9

-0,150,76

-0,020,9

- +0,0020,18

-)(u0,04

- +0,0020,18

- +0,020,9

:

 :

i = 9 (W / m2. K o)

:

o = 8 (W / m2. K o)

)+ 4 Co ( : 

 ko = 0,52 (W / m2 . K o)

:

9
1

76,0
15,0

18,0
002,02

9,0
02,03

8
1

52,0
104,0u

u = 0,056 (m) = 5,6 (cm)

 : 

u = 6 (cm)
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:

)m(
)W/m 2. C o(

-0,151,5

-+0,0020,18

-)(u0,04

- +0,0020,18

- +0,020,9

:

 :

i = 9 (W / m2. K o)

:

o = 23,3 (W / m2. K o)

 :

 ko = 0,33 (W / m2 . K o)

:

9
1

9,0
02,0

18,0
02,02

5,1
15,0

3,23
1

33,0
104,0u

u = 0,108 (m) = 10,8 (cm)

 : 

u = 12 (cm)
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:

)m()W/m 2. C o(

-0,101,2

- +0,0020,18

-)(u0,04

- +0,0020,18

-0,201,5

:

 :

i = 6,5 (W / m2. K o)

:

o = 0 (W / m2. K o)

)+4 Co(

 ko = 0,41 (W / m2 . K o)

:

5,6
1

5,1
2,0

18,0
002,02

2,1
1,00

41,0
104,0u

u = 0,082 (m) = 8,2 (cm)

 : 

u = 9 (cm)
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1

9
1

04,0
09,0

76,0
15,0

76,0
2,0

18,0
002,02

9,0
02,03

3,23
1

1
dk

kd = 0,339 (W / m2 . K o)
2

9
1

04,0
05,0

76,0
15,0

18,0
002,02

9,0
02,02

9
1

1
dk

kd = 0,576 (W / m2 . K o)
3

9
1

04,0
06,0

76,0
15,0

9,0
02,03

18,0
002,02

8
1

1
dk

kd = 0,494 (W / m2 . K o)
4

9
1

04,0
12,0

9,0
02,0

18,0
002,02

5,1
15,0

3,23
1

1
dk

kd = 0,301 (W / m2 . K o)
5

5,6
1

04,0
09,0

5,1
2,0

18,0
002,02

2,1
1,00

1
dk

kd = 0,378 (W / m2 . K o)
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ukd
(cm)W/m2.Ko

90,339

50,576

60,494

120,301

90,378
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1
:

)m(
)W/m 2. C o(

-0,020,9

-0,20,76

-0,020,9

- +0,0020,18

-)(u0,04

- +0,0020,18

-0,150,76

-0,020,9

:

 :

i = 10,5 (W / m2. K o)
 : 

o = 23,3 (W / m2. K o)
)Co( -20  : 

 ko = 0,21 (W / m2 . K o)
:

5,10
1

76,0
35,0

18,0
002,02

9,0
02,03

3,23
1

21,0
104,0u

u = 0,163 (m) = 16,3 (cm)
 : 

u = 18 (cm)
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2
:

)m()W/m 2. C o(

-0,020,9

-0,20,76

-0,020,9

- +0,0020,18

-)(u0,04

- +0,0020,18

- +0,020,9

:

 :

i = 10,5 (W / m2. K o)
 : 

o = 23,3 (W / m2. K o)
 : 

 ko = 0,21 (W / m2 . K o)
:

5,10
1

76,0
7,0

18,0
002,02

9,0
02,03

9
1

26,0
104,0u

u = 0,132 (m) = 13,2 (cm)
 : 

u = 14 (cm)



-
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3
:

)m(
)W/m 2. C o(

-0,020,9

-0,150,76

-0,020,9

- +0,0020,18

-)(u0,04

- +0,0020,18

- +0,020,9

:

 :

i = 10,5 (W / m2. K o)
 : 

o = 9 (W / m2. K o)
-20 Co : 

 ko = 0,28 (W / m2 . K o)
:

5,10
1

76,0
15,0

18,0
002,02

9,0
02,03

9
1

28,0
104,0u

u = 0,123 (m) = 12,3 (cm)
 : 

u = 13 (cm)



-
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4
:

)m(
)W/m 2. C o(

-0,151,5

- +0,0020,18

-)(u0,04

- +0,0020,18

- +0,020,9

:

 :

i = 6,5 (W / m2. K o)
 : 

o = 23,3 (W / m2. K o)
-20 Co : 

 ko = 0,20 (W / m2 . K o)
:

5,6
1

5,1
15,0

18,0
002,02

9,0
02,03

3,23
1

20,0
104,0u

u = 0,186 (m) = 18,6 (cm)
 : 

u = 19 (cm)



-
-

5
:

)m(
)W/m 2. C o(

-0,11,2

- +0,0020,18

-)(u0,04

- +0,0020,18

-0,021,5

:

 :

i = 6,5 (W / m2. K o)
:

o = 0 (W / m2. K o)
-20 Co : 

 ko = 0,21 (W / m2 . K o)
:

5,6
1

5,1
2,0

18,0
002,02

2,1
1,00

21,0
104,0u

u = 0,175 (m) = 17,5 (cm)
 : 

u = 18 (cm)
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1

5,10
1

04,0
18,0

76,0
35,0

18,0
002,02

9,0
02,03

3,23
1

1
dk

kd = 0,193 (W / m2 . K o)
2

5,10
1

04,0
14,0

76,0
2,0

18,0
002,02

9,0
02,03

9
1

1
dk

kd = 0,246 (W / m2 . K o)

3

5,10
1

04,0
13,0

76,0
15,0

18,0
002,02

9,0
02,03

9
1

1
dk

kd = 0,267 (W / m2 . K o)
4

04,0
19,0

5,6
1

5,1
15,0

18,0
002,02

9,0
02,0

3,23
1

1
dk

kd = 0,196 (W / m2 . K o)
5

04,0
18,0

5,6
1

5,1
2,0

18,0
002,02

2,1
1,00

1
dk

kd = 0,204 (W / m2 . K o)
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ukd
(cm)W/m2.Ko

180,193

140,246

130,267

190,196

180,204



-
-



-
-



-
-



-
-
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 :

.

 .

 .

 .

 :

..

..

..

..

. .

..

.

) (.
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 :

Q = Kd × F × T
:

Q :)Watt.(

: Kd(Watt / m2 . Ko)

F :(m2)

 : T.

 60 %

23 Co.

30 Co

30 Co

33 Co.

19 Co

ASHRAE1%39 Co



-
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)(

(m)(m2)Kd (W/m2.Ko)
tin

(C o)

tout

(C o)
t

Q

(W)

12 × 6 720,49443026924,8

18 × 6 1080,494430261387,2

12 × 6 720,5764400

18 × 6 1080,494423191013,7

18 × 12 2160,301439352275,6

18 × 12 2160,378419151224,7

6826

)(

(m)(m2)Kd (W/m2.Ko)
tin

(C o)

tout

(C o)
t

Q

(W)

12 × 6 720,5764400

18 × 6 1080,494430261387,2

12 × 6 720,5764400

18 × 6 1080,494423191013,7

18 × 12 2160,301439352275,6

18 × 12 2160,378419151224,7

5901,2



-
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)(

(m)(m2)Kd (W/m2.Ko)
tin

(C o)

tout

(C o)
t

Q

(W)

12 × 6 720,5764400

18 × 6 1080,494433291547,2

12 × 6 720,5764400

18 × 6 1080,494423191013,7

18 × 12 2160,301439352275,6

18 × 12 2160,378419151224,7

6061,2

)(

(m)(m2)Kd (W/m2.Ko)
tin

(C o)

tout

(C o)
t

Q

(W)

12 × 6 720,5764400

18 × 6 1080,494433291547,2

12 × 6 720,49443026924,8

18 × 6 1080,494423191013,7

18 × 12 2160,301439352275,6

18 × 12 2160,376419151224,7

6986



-
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)(

(m)(m2)Kd (W/m2.Ko)tin
(C o)

tout

(C o)tQ
(W)

12 × 6 720,5764400

18 × 6 1080,494423191013,7

12 × 6 720,49443026924,8

18 × 6 1080,339439351281,4

18 × 12 2160,301439352275,6

18 × 12 2160,378419151224,7

6720,2

)(

(m)(m2)Kd (W/m2.Ko)tin
(C o)

tout

(C o)tQ
(W)

12 × 6 720,5764400

18 × 6 1080,494423191013,7

12 × 6 720,57643000

18 × 6 1080,339439351281,4

18 × 12 2160,301439352275,6

18 × 12 2160,378419151224,7

5795,4
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)(

(m)(m2)Kd (W/m2.Ko)
tin

(C o)

tout

(C o)
t

Q

(W)

12 × 6 720,5764-20-24-425,1

18 × 6 1080,494423191013,7

12 × 6 720,5764400

18 × 6 1080,339439351281,4

18 × 12 2160,301439352275,6

18 × 12 2160,378419151224,7

5370,3

)(

(m)(m2)Kd (W/m2.Ko)
tin

(C o)

tout

(C o)
t

Q

(W)

12 × 6 720,267-203050961,2

24 × 6 1440,267-2023431653,3

12 × 6 720,246-20424425,1

24 × 6 1440,193-2039591637,8

24 × 12 2880,196-2039593330,4

24 × 12 2880,204-2019392291,3

10299,1
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.

:

Q = Kd × F × ts

Q :)Watt.(

: Kd(Watt / m2 . Ko)

F :(m2)

 : ts:

C o

4050604060

5,989,88,8109,811,75,15,60

6,69,1119,911,31113,25,86,30

3,64,964,56,167,23,23,50

5,17,18,57,78,88,510,24,54,90

2,33,23,93,543,94,722,20

): (

18,5

17,5

14,9

16,5
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) ( :ts = 17,9 Co

 :ts = 14,9 Co

 :ts = 18,5 Co

ts = 14,9 Co

 : Q I = QI' + QI"
:

QI'  :.

QI"  : .

)m2(
Kd

(W/m2.Ko)
ts

(Co)
QI"
(W)

QI"
(W)

QI'
(W)

QI
(W)

12160,30114,9968,7968,768267794,7
22160,30114,9968,7968,75901,26869,9
32160,30114,9968,7968,76061,27029,9
42160,30114,9968,7968,769867954,7

2160,30114,9968,7 5
1080,3393,6131,8

1100,56720,27820,7

2160,30114,9968,7 6
1080,3393,6131,8

1100,55795,46895,9

2160,30114,9968,7 7
1080,3393,6131,8

1100,55370,36470,8

2880,19614,9841,1 8
1440,1933,6100,5

941,210299,111240,3
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:

Q = Mo ( i1 – i2 ) 
:

Mo:)Kg/s(

i1:)j/Kg(

i2:)j/Kg(

:

360024
avMo

v:)m3.(

a:.

:.

a = 4

:
t2 = 4 Co     , 2 = 90 %
 = 1,263 (Kg/m3)  ,   i2 = 15,35 (Kj/Kg) 

:
t1d = 39 Co  ,   t1w = 26 Co

i1 = 80 (Kj/Kg) 

:

)35,1580(
360024

263,141296Q

Q = 4,899 (KW) 
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I

-:

3600
1000iMQ k

:

Mk:10%:

)(5,1571575
100
10 TonM k

 i:.

:20.

.

:tout = 15 Co

:tin = 4 Co

t = 4 Co   i = 286,7 (Kj/Kg)
t = 15 Co   i = 328  (Kj/Kg)

)(34,90
360020

1000)7,286328(5,157 KWQ

 .

:

)(9,12
7
34,90 KWQ
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-:

:

3600
1000)( 21 ttCMQ tt

:

Mt: :

157,5 Ton
:25 = 6300  (157,5 × 103) ÷

:Mt = 6300 × 1,7 = 10710 Kg = 10,71 Ton
Ct: .

:

Ct = 835 (j/Kg.Co)

( j / Kg.Co ) 

2386

1460

460

835

 :

)(3663,1)(3,1366
360020

1000)415(83571,10 KWWattQ
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-:

  :6300.

  :6300 ÷ 18 = 350
:

Mt = 350 × 22 = 7700 (Kg)

:

)(86,2806
360020

)415(23867700 WattQ

Q = 400,98 (Watt)
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II

-:

3600
1000

3600
1000 tCMiMQ tkk

10 %:

)(80800
100
10 TonM k

ASHRAE(65 ÷ 60):

Ct = 2,85 (Kj / Kg . Co)
:

)(18,46
360048

1000)]20(15[85,280 KWQ

- :

3600
1000)( 21 ttCMQ tt

Mt : :

  :80 Ton

    :=  80 × 103 ÷ 250 = 320 

Mt = 320 × 18 = 5760 (Kg) = 5,76 (Ton)

Ct = 835 (j/Kg.Co):

)(167,974
360048

1000)]20(15[83576,5 WattQ
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-

320   :320 ÷ 4 = 80 

35 (Kg) .

 :

Mt = 35 × 80 = 2800 (Kg) = 2,8 (Ton)
       :

Ct = 2386 (j/Kg.Co)
:

)(352,1)(47,1351
360048

1000)]20(15[23838,2 KWWattQ
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:

.Qa

.Qb

.Qc

.Qd

.Qe

  .Qf

:

Qa = A × F

A :1m2

A = 1,2 (Watt / m2)
F :.

F = 12 × 18 = 216 (m2)

:

Qa = 1,2 × 216 = 259,2 (Watt) 
.

-20 Co)  (:

A = 4,5 (Watt/m2)
:

Qa = 4,5 × 288 = 1296 (Watt) 



-
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Qb = 350 × n
350 (Watt).

200(m2)
.

 :

Qb = 350 × 4 = 1400 (Watt) 

.

)HP(5.

)Btu/HP(3100.

:

Qc = 5 × 3100 × 4 × 0,2931  = 757,175 (Watt) 

Qd = B × F 

B :)Watt/m2(

F :)) (m2(

 : B = 10 (Watt/m2)

Qd = 10 × 216 = 2160 (Watt) 
  : B = 8 (Watt/m2)

Qd = 8 × 288 = 2304 (Watt) 
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:

Qe = Ek ( 0,1 × q1 + 0,9 × q2 )

 :

Ek:.

q1:(Watt / Ton)

q2:(Watt / Ton)

)q1 , q2 (:

:

t1 = 15 Co   q1 = 56 (Watt / Ton ) 

t2 = 4 Co   q2 = 17 (Watt / Ton ) 

:

t1 = 15 Co   q1 = 46 (Watt / Ton ) 

t2 = 4 Co   q2 = 17,67 (Watt / Ton ) 

:

Qe = 225 ( 0,1 × 56 + 0,9 × 17 ) = 4702,5 (Watt )

:

Qe = 225 ( 0,1 × 46 + 0,9 × 17,67 ) = 4613,175 (Watt )



-
-

(Watt/Ton)

C O

0251520
182750154199

913204658

1113195669

112241126218

1114215873

917244978

202434121175

83119199524900

:
Qf = 1000 × Ne

:

Ne ::

Ne (KW) 
1 ÷ 4 
3 ÷ 8 
8 ÷ 16 

 : 
Ne = 8 (KW) 

 : 
Ne = 16 (KW) 
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10
36

0,
5

43
66

0,
3

53
70

,3

57
95

,4

67
20

,2

69
86

60
61

,2

59
01

,2

68
26

(W
at

t)

94
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8

71
76
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96
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7
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7
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7
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(W
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0

34
29

3

48
99
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99
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99
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(W
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16

7

94
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2
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2
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0

32
73
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85
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0

56
00

0
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56

8,
64
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42
14

4,
87

5

42
56

9,
97

5

43
49

4,
77

5
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8,
77

5

42
70

3,
97

5

42
45

4,
65

43
37

9,
45
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Kcal/Kg) (80.
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:

-.

-.

-.

-.

:

-.

-.

-.

-).(

-.

-.

.

500 Ton.

 5000 Ton.

5000 Ton.

 :20 Ton

 :100 Ton

 :200 Ton

.

.



-
-

.

.

 :
.

 :
.
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.

 :
.
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(800-1200) m335 Watt/m3.
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REFRIGERANTS

) (

)R12R11R13..(

:

-).(

-).(

-) ().(

-.

-)ODP=0(

)DEPLETION POTENTIAL OZONE (

.

-.

-.

-) (

.

-.
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Po)to = 0Co (
:

-:

 : Po 0,2 (MPa)
:to = 0 Co

R11 , R13 , R14

.

-

 : Po = 0,2 (MPa) ÷ 0,7 (MPa) 
:to = 0 Co

R12 , R22 , R502

.

-

 : Po 0,2 (MPa)
:to = 0 Co

: R13B1 , R13

100 Co-.



-
-

-.

-

.

-
.

-)(m = Pk / Po
.

-.

-(  = Cp / Cv)
 :

T2 = T1 (P2 / P1) ( -1/ )

.

.

R502R114R113R22R12R11NH3

1,1351,0841,081,1781,141,131,3 = Cp / Cv

-.

qov = qo / v  (Kj / m3)

.

-
.

-
.

-)Pa/S (
.

- (W/m.Ko)
.
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0,1 MPa

C oC oC oMPaODP

R11+20 ÷ 0 23,71984,271

R12+10 ÷ -50 29,81124,121

R13-60 ÷ -100 -81,528,83,861

R113-20 ÷  0 +47,7214,13,410,8

R114+60 ÷ - 10 +3,5145,73,281

R115+20 ÷ - 50 -38883,240,6

R502+10 ÷ - 40 -46844,270,33R22
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mrs / tsktp

vcr

(m3/kg)PcrTcrTs
(Co)

0,57726,0181,330322,11374,15100

0,59232,51,3-77,74,911,28132,4-33,35

0,63120,11,13-1111,854,371,9823,7R-11

0,63419,861,14-1551,7934,11112,04-29,8R-12

0,63519,5---1801,7213,8528,78-81,5R-13

0,63819,811,22-1841,583,74-45,5-128R-14

0,62521,051,106-1351,9155,16198,58,9R-21

0,62920,81,16-1601,9054,9396-40,8R-22

0,65920,21,09-36,61,7353,14214,147+68R-113

0,606---1,07-941,7153,27145,83+5R-114

0,64420,641,135-130,82,2494,18137,1-9,25R-112B

0,632---------143,21,3426,5667-57,8R-13B1
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:

:

 %.

R12 , R502 , R22.

 :
.R22 , R1245Co-R12
R22.

 .2,5 m/s
5 m/s.

 : 
1,2 - 0,9 - 0,65  (Kg/L).

.

.

.

.

.

.
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 : -33,35 Co

: )-30 Co ÷  -5(

) Pk / Po  4  (

.

.

.

)5 ÷ 6 ()R12 (.

.

)0,1% (

) %26÷8,13(

.

.

.
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:

.

.

.

-
.

-.

-.

-
.

-.

-) + (
.

-
)15÷5 (.

) (
.

-)0,40% (
)0,43 % (

-.

-.

-
)3÷5 (.
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to

)10 Co ÷ 6 (:

to = ti – (6 ÷ 10) Co

+ 4 Co

– 20 Co

 :

to = 4 – 6 = –2 Co

to = –20 – 10 = –30 Co

tk

.

:

tw1 = tw + (3 ÷ 5) Co

:

tw1 = to – (6 ÷ 8) Co

:

tw1 :.

tw :ASHRAE1% :tw = 26 Co

tw1 = tw + (3 ÷ 5) Co.

tk

tk = tw2 + (4 ÷ 5) Co

tw2 : .
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 :

tw1 = 26 + 5 = 31 Co

tw2 = 31 + 5 = 36 Co

tk   = 36 + 5 = 41 Co

totk

:

to =  –2 Co Po = 4,060 (at)
tk =  41 Co Pk = 16,294 (at)

:

to = –30 Co Po = 1,219 (at)
tk =  41 Co Pk = 16,294 (at)

:

:

013,4
060,4
294,16

o

k
P
Pm

:

367,13
219,1
294,16

o

k
P
Pm

m < 9.

m > 9
.
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) T – S()Log P – i (.
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 *1'  :

P1'  = 4,060 (at)
t1'  = to = –2 (Co)

:

v1' = 0,3111 (m3/Kg)
s1' = 0,9920 (Kcal/Kg .Co)
i1'  = 400,98 (Kcal / Kg)

*1 :

.
Co 5)÷4(.

:

P1 = Po = 4,060 (at)
= –2 + 4 = 2 (Co)5)÷4(t1 = t1'  + 

:

v1 = 0,3222 (m3/Kg)
s1 = 2,1225 (Kcal/Kg . Co)
i1 = 403,87 (Kcal / Kg)

*2

P2 = Pk = 16,294 (at)
 2,1225 (Kcal /Kg . Co)=s2 = s1

) i - log P  (:

t2 = 92 (Co)
i2 = 446,5 (Kcal /Kg)



-
-

*3' :

P3'  = Pk = 16,294 (at)
) = 0 (:

t3'  = 41 (Co)
v3' = 1,7069 (L/Kg)
i3'  = 146,74 (Kcal / Kg)

  *3:

Co5)÷4(:

(Co)5)÷4(t3 = t3'  –
   = 41 – 5 = 36 (Co)

) = 0  (:

P3  = 41,468 (at)
i3   = 140,82 (Kcal / Kg)
s3  = 1,139 (Kcal/Kg. Co)

  *4:

i4 = i3  = 140,82 (Kcal / Kg)
P4 = Po = 4,060  (at)
t4 =  to  =  –2 (Co)

1419,0
79,9789,400
79,9782,140

'"
'4

4 ii
ii

v4 = v4' ( 1–  ) +  v4" × 
    =  (1,5528 × 10-3 ) 0,858 + (0,3111) 0,1419 = 0,04547 (m3/Kg)



-
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v
(m3/Kg)

i
(Kcal/Kg)

t
(Co)

P
(at)

0,3222403,87+24,061

0,3111400,98–24,061'

0,106446,59216,2942

-146,744116,2943'

-140,823614,4683

0,04547140,82–24,064
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) T – S()Log P – i (.
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*1' 

P1' = Po =1,219 (at)
t1' = to  = –30 (Co)

:

v1'  = 0,963 (m3/Kg)
s1'  = 2,209 (Kcal/Kg. Co)
i1'  = 391,9 (Kcal / Kg)

*1

:

t1 = –20 (Co)
P1 = Po = 1,219 (at)

:

v1 = 1,0511 (m3/Kg)
s1 = 2,2358 (Kcal/Kg. Co)
i1 = 397,96 (Kcal / Kg)

*2

)(457,4294,16219,12 atPPPP kom

s2 = s1 = 2,236 (Kcal /Kg . Co)
:

v2 = 0,3697 (m3/Kg)
i2  = 442,22 (Kcal/Kg)
t2  = 70 (Co)
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*3

P3 = P2 = 4,457(at)
) = 1( :

t3  = 0,73  (Co)
:

v3 = 0,2821 (m3/Kg)
s3 = 2,1025 (Kcal / Kg. Co)
i3  = 401,9 (Kcal/Kg. Co)

*4

s4 = s3  = 2,1025 (Kcal/Kg. Co)
P4 = Pk = 16,294 (at)

:

v4 = 0,106 (m3/Kg)
t4 = 92 (Co)
i4 = 446,5 (Kcal / Kg)

*4' 

P4' = Pk = 16,294 (at)

) = 0( :

v4' = 0,1 (L/Kg)
t4'  = 41 (Co)
i4'  = 146,74 (Kcal / Kg)
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*5

Co)5 ÷ 4(
:

t5 = t4' – (4 ÷ 5) 

                         

t5 = 41 – 5 = 36 (Co)
) = 0   (:

P5 = 14,468 (at)
s5 = 1,139 (Kcal / Kg.. Co)
i5  = 140,82 (Kcal / Kg)

 *6

i6 = i5 = 140,82 (Kcal/Kg)
P6 = Pm = 4,457 (at)
t6  =  0,73  (Co)

* 7 

) = 0   (:

P7 = Pm = 4,457 (at)
t7 = 0,73 (Co)         
i7 = 100,81 (Kcal / Kg)

*8

P8 = Po =1,219 (at)
i8  = i7  = 100,81 (Kcal / Kg. Co)
t8 = - 30 (Co)

103,0
42,6791,391
42,6781,100

`"
`8

8 ii
ii
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i
(Kcal/Kg)

v
(m3/Kg)

t
(Co)

P
(at)

391,910,963–301,2191'
397,961,0511–201,2191
442,22-704,4572
401,90,28210,734,4573
446,50,1069216,2944

146,74-4116,2944'
140,82-3614,4685
140,82-0,734,4576
100,81-0,734,4577
100,810,1–301,2198
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OMPRESSORSCECIPROCATING R

 :
9300 Watt5 KW . 

(9300 ÷ 5800 Watt)
(5 ÷ 20 KW).

58000 Watt
20 KW.

 :
(– 25 / – 10 Co).

( to = – 30 / – 100 Co ) . 

 :
HERMETIC RECIPROCATING COMPRESSORS

 .
 .

 .

)
1/2 KW . ( 

SEMI HERMETIC COMPRESSORS

2
 .

OPEN COMPRESSORS

.

150 .
 .

.
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 Q:

:.

 : 80.%

 :.

: 65.%

 : 65.%

 :.

:

:

 Q = 256126,55 (Watt)

:

)(4588,330535
833,0

55,256126075,1 WattQo

:

 Q = 73764,671 (Watt)

:

)(5,95194
833,0

671,73764075,1 WattQo
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:

:

qo = i1' – i4

     = 400,98 – 140,82 = 260,16 (Kcal / m3 ) 
:

)/(449,807
3222,0

16,260 3

1

mKcal
v
qq o

v

:

)/(304,0
1000186,416,260

4588,330535 sKg
q
QG

o

o

:

Nth = G ( i2 – i1 ) =  0,304 (446,5 – 403,87) × 4,186 
Nth = 54,25 (KW)

:

)(157,66
82,0
25,54 KWNN

i

th
i

:

 )(

)(51,73
9,0

157,66 KWNN
m

i
e

:

093,6
25,54
535,330

th

o

N
Q

:

496,4
51,73
535,330

e

o
e N

Q
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:

qo = i1'  –  i8 = 391,91 –  100,81 = 291,1 (Kcal / Kg)

:

)/(947,276
0511,1

1,291 3

1

mKcal
v
qq o

v

:

)/(078,0
186,41,291

1945,95 sKg
q
QG

o

o

:

Nth1 = G ( i2 – i1 )

=  0,078 (442,22 – 391,91) × 4,186 = 16,426 (KW)

:

Nth2 = G ( i4 – i3 )

=  0,078 (446,5 – 401,9) × 4,186 = 14,562 (KW)

:

072,3
562,14426,16

1945,95

21 thth

o
th NN

Q
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v

vststo
st q

qQQ

:

qvst:)tosttkst(

st : .

Qo :)(

 :

Qo = 330,535 (KW)

:

tost = 0 Co Post = 4,379 (at)
tkst = 35 Co Pkst = 13,765 (at)

 :

143,3
ost

kst
st P

Pm

:

st = 0,81 

 :

)/(165,817 3

1

4'1 mKcal
v

iiq
st

stst
vst
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:

m = 4,013 
 = 0,77 

qv = 807,449 (Kcal / m3 )
 :

Qst = 351,889 (KW) 

–ORKY–

3

CMO 26

127 (KW)

  )35  ÷ 0(

1800 (r.p.m)

127 × 3 = 381 (KW) 



YORK Refrigeration – the world leader in 

industrial reciprocating compressors for:

• Refrigeration (freezing/chilling)

• Air conditioning

• Heat pump applications

• Process gas compression

YORK Refrigeration's Sabroe reciprocating com-

pressors are heavy-duty equipment designed for

the toughest industrial, offshore and marine

applications. These include low and medium

temperature refrigeration in conjunction with

the production of food and beverages, as well as

in industrial processing and the oil and petro-

chemical industries. Other applications include

commercial and industrial air conditioning for

hospitals, office buildings and hotels, as well as

many different kinds of heat pump systems.

Environment – a prime concern
YORK Refrigeration has a strong commitment

to ensuring that the company's products and

systems have a low TEWI and zero ODP.

YORK Refrigeration compressors are designed

to work with the majority of refrigerants,

including halocarbons and an array of natural

refrigerants such as ammonia, hydro-

carbons and CO2. The 40 bar versions

further extend the applications to

CO2, R410 A and heat pump 

operation.

Features

• Reliable, well-proven compressor

design.

The basic design concept for Sabroe

SMC/HPC compressors was first introduced

in 1954 and the CMO/HPO concept in 1962.

Subsequent design improvements relating

to individual components normally fit into

previous models. As a result, older compressors

can be upgraded to the latest design, ensuring

maximum possible efficiency.

Easy maintenance

• These compressors feature built-in accessi-

bility that makes maintenance work easy and

straightforward, with no special tools required.

• They are fully repairable on site, ensuring

minimal down time.

Flexibility

• The design ensures a high degree of flexi-

bility as regards mode of operation, refrigerant,

application, rpm specifications, etc.

• Air, water or refrigerant compressor and oil

cooling.

Safety by design

• They are designed for maximum safety, with

internal overflow valves, spring-loaded safety

heads, etc.

Energy efficient

• The Sabroe compressors feature high COP,

excellent partload characteristics, unloaded

start and low oil carry over.

Single-stage reciprocating compressors

2

Sabroe SMC 108 compressor unit



-

Top-quality castings
YORK Refrigeration produces the critical 

compressor parts, such as casings, liners,

crankshafts, connecting rods, covers etc., at its

own modern foundry in order to maintain full

control over quality.

The casting processes are approved by the

major classification societies, and the YORK

Refrigeration manufacturing unit has been

granted ISO 9001 certification.

Microprocessor control (optional)

The Unisab II control system is designed to

ensure the safe control, monitoring and opti-

mization of compressor operation. In addition

to efficient control of single compressors,

Unisab II provides advanced, optimized

sequence control of any combination of

reciprocating and/or screw compressors.

3

Equipment included
Suction & discharge stop valves

Capacity control solenoid valves

Heating cartridge

Suction gas & oil strainers

Internal overflow valve (balanced)

Prelubricating valve

Oil filling valve

Evacuating valve

Options
The compressor can be delivered as a bare

shaft block only or as a complete direct or 

V-belt driven unit including base frame, drive,

oil separator, oil return, electric motor, vibra-

tion pads, gauges, switches and microprocessor

control.

Sabroe HPC 108 S compressor block
with Unisab II. The 40 bar com-
pressors are especially well-suited
for ammonia heat pump systems
where remarkable high capacities
and COP values can be achieved

Sabroe SMC 188 (R717) 
compressor block with electric/

mechanical controls and gauges



-
-

:

Qo =  95,1945 (KW)

:

tost = – 40 Co Post = 0,7318 (at)
tkst = + 35 Co Pkst = 13,765 (at)

  :

)(174,3 atPPP kstostmst

33,14
ost

mst
st P

Pm

 :

st = 0,75 

:

)/(742,191 3

1

8'1 mKcal
v

iiq
st

stst
vst

:

Pm = 4,456 (at)

qv = 276,947 (Kcal / m3)
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 :

656,3
o

m
P
Pm

:

 = 0,79 

:

95,27679,0
742,19175,01945,95

v

vststo
st q

qQQ

 Qst = 62,57 (KW) 

–ORKY–

TSMC 108 L 

66 (KW)

)35 ÷ – 40(

1500 (r.p.m)



The TCMO & TSMC two-stage compressors complete the

comprehensive range of reciprocating compressors avail-

able from YORK Refrigeration – all designed for heavy-duty

industrial, offshore and marine applications. These com-

pressors have a proven ability to work year after year under

the toughest conditions, resulting in thousands of satisfied

customers all over the world.

With 8 different sizes providing a low-pressure side dis-

placement from 175–1283 m3/h at maximum speed and

with guaranteed ratings for almost all refrigerants, there is

a model ideally suited to every application. In all low-tem-

perature refrigeration installations, two-stage reciprocating

compressors will be an economical operating alternative to

single-stage screw compressors.

Main features
The comprehensive list of outstanding features includes:

Operating efficiency and safety

• Fully unloaded start

• Automatic capacity regulation

• Low noise and vibration levels

• High coefficient of performance (COP)

• Excellent part-load characteristics

• Internal bypass valve to avoid excessive pressure

• Spring-loaded safety heads

• Asbestos-free gaskets

• Balanced refrigerant-tight shaft seal

• Minimal spare parts requirements

• Easy maintenance due to good accessibility

• Fully repairable on site.

Quality and reliability

• Integrated discharge manifold

• Integrated suction manifold with filter

• Internal oil filter and gear-type oil pump

• Cylinder liners with hardened surface

• Lightweight pistons with hard chromium piston rings

• Gas-dampened discharge valves

• Stop valves with non-rising spindle

• Casing in grey cast iron of GG25 quality

• Crankshaft in nodular ductile cast iron of GGG70 quality

• Casing, covers, crankshaft, connecting rod and cylinder

liners manufactured in YORK’s own Meehanite

foundries to ensure full process control

• Design pressure 26 bar.

Standard equipment

• Compressor block with oil pump and oil filter

• Solenoid valves for capacity control

TCMO & TSMC reciprocating two-stage compressors

Technical documentation

TCMO 28 direct driven unit with 

shell-and-tube intermediate cooler

TSMC 108 direct driven unit with 

closed flash intermediate cooler



• Suction and discharge stop valves

• Safety valve

• Oil-charging valve

• Suction filter

• Oil-level sight glass

• Electric immersion heater in crankcase

• Evacuation valve

• Pre-lubrication valve.

Options

• Gauges, thermometers and temperature/pressure 

control switches

• Microprocessor control with temperature/pressure 

sensors

• Extended capacity control

• Oil-level regulator for parallel systems

• Explosion-proof equipment

• Base frame with coupling and guard for direct drive unit

• Base frame with pulleys, belts and guard for V-belt 

drive unit

• Motors

• Oil separators with solenoid valve or float valve 

controlled oil return

• Oil-charging pump

• Vibration dampers and foundation bolts

• Spare part sets and tool sets.

Compressor and oil cooling
Depending on refrigerant and operating conditions, it is

sometimes necessary to supplement the basic air convec-

tion cooling with one of the following options to obtain 

adequate cooling of the compressor and the lubricating oil:

• Water-cooled top covers

• Water-cooled side covers including oil cooling

• Refrigerant-cooled oil cooling 1)

• Thermo-pump system (refrigerant cooling of top and

side covers including oil cooling – R717 only) 1)

1) Not available for TSMC 188.

Intermediate cooling systems
The two-stage compressors are available for connection to a

common intermediate cooler in plants with multiple two-

stage compressors. Alternatively, the following intermediate

cooling systems are available in built-on form, as optional

equipment:

• Injection interstage gas cooling without liquid sub-

cooling

• Injection interstage gas cooling with liquid subcooling in

a shell-and-tube heat exchanger

• Closed flash interstage cooling in a shell-and-coil

intermediate cooler with liquid subcooling in the coil.

99
.1

2 
- 

3.
00

0

Nominal capacities kW App. Dimensions App. Sound

Model Number. of Bore x stroke Max LP side swept Direct coupled unit - without Weight pressure

cylinders mm. rpm volume at max R717 R22 R134A R404A R507 intermediate cooler - mm. without level 

LP / HP side rpm m3/h -40/+35°C -40/+35°C -40/+35°C -40/+35°C -40/+35°C Length Width Height motor kg. dB(A)

TCMO 28 6 / 2 70 x 70 1800 175 20 *) 24 *) 11 *) 27 *) 28 *) 1400 - 1750 700 1000 500 71

TSMC 108 S 6 / 2 100 x 80 1500 339 50 61 30 66 70 1900 - 2500 1050 1125 1000 82

TSMC 108 L 6 / 2 100 x 100 1500 424 66 63 **) 31 **) 68 **) 72 **) 1900 - 2500 1050 1125 1000 83

TSMC 108 E 6 / 2 100 x 120 1500 509 82 NA NA NA NA 1900 - 2500 1050 1125 1000 83

TSMC 116 S 12 / 4 100 x 80 1500 669 100 122 60 132 139 2475 - 3200 1150 1335 1800 84

TSMC 116 L 12 / 4 100 x 100 1500 848 133 126 **) 62 **) 136 **) 144 **) 2475 - 3200 1150 1335 1800 84

TSMC 116 E 12 / 4 100 x 120 1500 1018 163 NA NA NA NA 2475 - 3200 1150 1335 1800 84

TSMC 188 6 / 2 180 x 140 1000 1283 205 183***) 90***) 198***) 209***) 2800 - 3400 1750 1700 3600 85

Nominal capacities are based on 2 deg.C subcooling from condenser, 2 deg.C superheat and liquid subcooling in intermediate cooler to 10 deg. C above intermediate temperature.

Nominal capacities are at max. rpm except of: 

*) at 1500 rpm,  **)  at 1200 rpm,  ***) at 750 rpm

Technical data
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EVAPORATORS
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LU-VE CONTARDO.

 T = 10.

 T = 6.

.

:

FC = 0,65 

:

)(92,66
65,0
15,431 KW

FC
CT

) (:

)(46,33
2
92,66 KW

:

HDIA 454-5 = 36 (KW)

:

HDIA 454-5 × 2 = 36  × 2 = 72 (KW)
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:

81,57 (KW)

:

FC = 0,85 

:

)(96,95
85,0
157,811 KW

FC
CT

) (:

= 95,96 ÷ 2 = 47,98 (KW)

:

HDIA 578-4 = 48 (KW)

:

HDIA 578-4 × 2 = 48 × 2 = 96 (KW)



FC = Fattori di correzione HDIA FC = Correction factors HDIA FC = Facteurs de correction HDIA FC = Korrekturfaktor HDIA

MOTORI / MOTORS / MOTEURS / MOTOREN
4P Poli / Poles / Pôles / Polig

Fattore di correzione / Correction factor / Facteur de correction / Korrekturfaktor FC FC

Potenza / Rating / Puissance / Leistung (∆T1) W 1,00 0,90

Portata d’aria / Air quantity / Débit d’air / Luftdurchsatz m3/h 1,00 0,84

Freccia d’aria / Air throw / Projection de l’air / Wurfweite m 1,00 0,84

Assorbimento motori / Motor power consumption W 1,00 0,75
Puissance moteurs / Motorleistung Aufnahme A 1,00 0,62

VERSIONI SPECIALI
ALETTE:
• ALUPAINT®: aletta di alluminio
verniciato
MOTORI:
• motori a 6 poli ( / )

SPECIAL VERSIONS
FINS:
• ALUPAINT®: aluminium painted fin

MOTORS:
• 6 poles motors ( / )

VERSIONS SPECIALES
AILETTES:
• ALUPAINT®: ailette aluminium
vernié
MOTEURS:
• moteurs à 6 pôles ( / )

SPEZIALAUSFÜHRUNGEN
LAMELLEN:
• ALUPAINT®: Aluminiumlamelle
beschichtet
MOTOREN:
• Motoren 6 polig ( / )

54
0

15
17

14 x 20

A

275 B
C D
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00

40

1600

Modello depositato® / Patented model®
Modèle déposé® / Patentierte Typen®

Dati comuni  /  Common data  /  Caractéristiques communes  /  Gleichbleibende Daten

HDIA 234-3 344-3 469-3 689-3 704-3 1034-3 1379-3 1724-3

HDIA 192-4 302-4 385-4 605-4 578-4 908-4 1211-4 1514-4

HDIA 152-5 227-5 305-5 454-5 458-5 683-5 911-5 1139-5

Elettroventilatori Fans Ø 500 mm n° 1 1 2 2 3 3 4 5
Ventilateurs Ventilatoren

Assorbimento motori Motor power consumption 3 ~ 400V 50Hz W 800 800 1600 1600 2400 2400 3200 4000
Puissance moteurs Motorleistung Aufnahme A 1.7 1.7 3.4 3.4 5.1 5.1 6.8 8.5

E 230 V W 5040 6920 9100 12600 13160 18280 23960 29640

G 230 V W 1280 1280 2100 2100 2920 2920 3740 4560

G-GB attacchi    connection Ømm 34 34 34 34 34 34 34 34
raccords  Anschlüsse

A mm 1190 1190 2000 2000 2810 2810 3620 4430
Dimensioni Dimensions B mm 760 760 1570 1570 2380 2380 3190 4000
Dimensions Abmessungen C mm — — — — 1620 1620 1620 1620

D mm — — — — — — — 810
Volume circuito Circuit volume dm3 8.5 12.5 16 23 23 34 45 56
Volume circuit Rohrinhalt

Portata Quantity NH3 ∆p15 kPa dm3/h 180 270 360 540 540 810 810 1080
Débit Durchsatz

Attacchi Connection Ømm 34 48 48 60 60 60 60 76
Raccords Anschlüsse

Modello Type
Modèle Modell

Sbrinamento
Defrost
Dégivrage
Abtauung



∆T1 = differenza tra la temperatura dell’aria in en-
trata e la temperatura d’evaporazione del refrige-
rante.

∆T1 = difference between air inlet temperature
and refrigerant temperature.

∆T1 = différence entre la température d’entrée de
l’air et la température d’évaporation du réfrigérant.

∆T1 = Differenz zwischen der Eintrittstemperatur
der Luft in den Luftkühler und der Verdampfungs-
temperatur.

* Superficie equivalente
Superficie di uno scambiatore di calore di pari 
potenza ma con tubi ed alette tradizionali. (Fe-Zn)

* Surface equivalent
Equal surfaces of comparable capacity with tradi-
tional tubes and fin configuration. (Fe-Zn)

* Surface équivalente
Surface d’une batterie d’échange thermique de
puissance égale, mais avec tubes et ailettes tra-
ditionnels. (Fe-Zn)

* Gleichwertige Fläche
Vergleichbare Fläche der Wärmeaustauscher mit
gleicher Leistung, aber ohne innen berippte Roh-
re und Turbo-Lamellen. (Fe-Zn)

*Superficie
Surface
Surface
Fläche

3 =  4.5 mm Passo alette      Fin spacing      Pas des ailettes      Lamellenabstand

Modello Type
Modèle Modell (4P▲) HDIA 234-3 344-3 469-3 689-3 704-3 1034-3 1379-3 1724-3

Potenza Rating ∆T1 10 K W 17000 21500 34000 43000 51000 64500 86000 107500Puissance Leistung
Portata d’aria Air quantity m3/h 7500 7100 15000 14200 22500 21300 28400 35500Débit d’air Luftdurchsatz
Freccia d’aria Air throw
Projection de l’air Wurfweite m 2x16 2x15 2x19 2x18 2x21 2x20 2x22 2x23

equivalente equivalent
équivalente gleichwertig m2 72 107 142 213 213 318 425 532
esterna external
externe äußere m2 39 58 77 116 116 173 231 289
interna internal
interne innere m2 2.2 3.3 4.4 6.6 6.6 10.0 13.3 16.6

Peso Weight
Poids Gewicht kg 101 112 173 195 245 278 361 444

TURBOCOIL

*Superficie
Surface
Surface
Fläche

4 =  8.4/4.2 mm Doppio passo alette      Dual fin spacing      Double pas des ailettes      Doppellamellenabstand

Modello Type
Modèle Modell (4P▲) HDIA 192-4 302-4 385-4 605-4 578-4 908-4 1211-4 1514-4

Potenza Rating ∆T1 10 K W 15000 20000 30000 40000 45000 60000 80000 100000Puissance Leistung
Portata d’aria Air quantity m3/h 7600 7100 15200 14200 22800 21300 28400 35500Débit d’air Luftdurchsatz
Freccia d’aria Air throw
Projection de l’air Wurfweite m 2x17 2x16 2x20 2x19 2x22 2x21 2x23 2x24

equivalente equivalent
équivalente gleichwertig m2 59 96 116 191 173 287 383 478
esterna external
externe äußere m2 32 52 63 104 94 156 208 260
interna internal
interne innere m2 2.2 3.3 4.4 6.6 6.6 10.0 13.3 16.6

Peso Weight
Poids Gewicht kg 99 109 169 189 239 269 349 429

TURBOCOIL

*Superficie
Surface
Surface
Fläche

5 =  7.0 mm Passo alette      Fin spacing      Pas des ailettes      Lamellenabstand

Modello Type
Modèle Modell (4P▲) HDIA 152-5 227-5 305-5 454-5 458-5 683-5 911-5 1139-5

Potenza Rating ∆T1 10 K W 12500 16800 25000 33500 37500 50350 67000 83800Puissance Leistung
Portata d’aria Air quantity m3/h 7900 7500 15800 15000 23700 22500 30000 37500Débit d’air Luftdurchsatz
Freccia d’aria Air throw
Projection de l’air Wurfweite m 2x17 2x16 2x20 2x19 2x22 2x21 2x23 2x24

equivalente equivalent
équivalente gleichwertig m2 48 72 94 142 142 212 283 353
esterna external
externe äußere m2 26 39 51 77 77 115 154 192
interna internal
interne innere m2 2.2 3.3 4.4 6.6 6.6 10.0 13.3 16.6

Peso Weight
Poids Gewicht kg 97 105 165 181 233 257 333 409

TURBOCOIL



Prestazioni
Le potenze degli aeroevaporatori so-
no provate con temperatura di cella
+2,5°C, temperatura di evaporazione
–7,5°C, superficie secca. Le potenze
nominali indicate nel catalogo corri-
spondono alle potenze provate molti-
plicate per il fattore 1,25 per ottenere
valori più rappresentativi delle condi-
zioni operative usuali che sono carat-
terizzate da sensibili incrementi dello
scambio termico dovuti alla conden-
sazione del vapor d’acqua presente
nella cella.
Questo fattore dipende dalle condizio-
ni di funzionamento della cella e risul-
ta maggiore per temperature di cella
più elevate e inferiore per temperature
di cella più basse.

Performance
Capacities of unit coolers are tested
with +2.5°C room temperature,
–7,5°C evaporating temperature, dry
surface. Catalogue nominal capacities
correspond to test capacity multiplied
by 1.25 to obtain values according to
usual operative conditions characteri-
zed by sensible increase of heat ex-
change due to condensation of water
vapours contained in the cold room.
This factor depends on cold room
operating conditions and it increases
for high room temperatures and de-
creases for low room temperatures.

Puissances
Les puissance des évaporateurs sont
testées avec température de la cham-
bre +2,5°C, température d’évapora-
tion –7,5°C, surface sèche. Les puis-
sances nominales indiquées dans le
catalogue sont conformes aux puis-
sances relevées lors du test multi-
pliées par un facteur de 1,25 pour ob-
tenir des valeurs plus représentatives
des conditions habituelles de travail
en raison d’une sensible augmenta-
tion de l’échange thermique dûe à la
condensation de la vapeur d’eau pré-
sente dans la chambre.
Ce facteur dépend des conditions de
fonctionnement de la chambre, avec
une valeur supérieure pour des
températures de chambre plus
élevées, et avec une valeur inférieure
pour des températures de chambre
plus basses.

Merkmale
Die Luftkühlerleistungen sind mit
Kühlraumtemperatur +2,5°C, Ver-
dampfungstemperatur –7,5°C und
trockner Oberfläche geprüft. Die in
diesem Katalog angegebenen Nenn-
leistungen entsprechen den geprüf-
ten Leistungen, multipliziert mit dem
Faktor 1,25, der dem höheren Ge-
samtwärmeübergang bei zusätzlich
latenter Wärme Rechnung trägt.
Dieser Faktor ist abhängig von den
Bedingungen des Kühlraums, dieser
ist für höhere Raumtemperaturen
höher, und niedriger bei niedrigen
Raumtemperaturen.

CERTIFIED
Q U A L I T Y
S Y S T E M

Cert. nº 0436/0
ISO 9001

Assicurazione qualità
Il Sistema Qualità LU-VE, che include
anche le procedure riguardanti la pro-
gettazione, le prove di laboratorio, i si-
stemi di produzione ed il controllo del-
la qualità, ha ottenuto la certificazione
UNI EN ISO9001.

Quality Assurance
LU-VE is a certificated company to
UNI EN ISO9001, which is the most
important Quality Assurance qualifica-
tion, covering Development, Testing,
Production method and Inspection
procedures.

Assurance Qualité
Le système “Assurance Qualité” de
LU-VE qui inclut toutes les procédures
depuis l’étude des produits, les es-
sais, l’ensemble du système de pro-
duction et le système de contrôle
qualité a obtenu la certification UNI EN
ISO9001.

Qualitätstandard
Der LU-VE Qualitätstandard, inklusive
Plannung, Labor, Erzeugung und
Qualitätprüfung sind nach UNI EN
ISO9001 zertifiziert.

Esempio di ordinazione Exemple de commande
Ordering example BestellbeispielHDIA 385 E 4 PB

H =  Hitec®

D =  doppio flusso
dual discharge
double flux
zweiseitig
ausblasende

I =  Industriale
Industrial
Industriel
Industrie

A =  NH3

Modello
Type
Modèle
Modell

N = Sbrinamento ad aria Air defrost
Dégrivrage à air Luftabtauung

E = Sbrinamento elettrico Electric defrost
Dégivrage électrique Elektrische Abtauung

G = Sbrinam. gas caldo per Hot gas defrost for the coil
batteria ed elettrico nella and electr. defrost in the
bacinella drain tray
Dégivrage à gaz chauds Heissgasabtauung für die
pour la batterie et Batterie und elektrische
électrique dans l’égouttoir Abtauung in der Tropfschale

GB = Sbrinamento a gas caldo Hot gas defrost for both
per la batteria e la bacinella coil and drain tray
Dégivrage à gaz chauds Heissgasabtauung für
pour la batterie et l’égouttoir Batterie und Tropfschale

Passo alette
Fin spacing
Pas des ailettes
Lamellenabstand
3 = 4.5 mm
4 = 8.4/4.2 mm
5 = 7,0 mm

PT
Alimentazione a 
pompa dall’alto
Feeding by pump, 
inlet from the top
Alimentation à pompe,
entrée par le haut
Speisung durch
Pumpe, Einlauf oben
PB
Alimentazione a
pompa dal basso
Feeding by pump,
inlet from the bottom
Alimentation à pompe,
entrée par le bas
Speisung durch
Pumpe, Einlauf unten





-
-

 .

 : 
 .

 : .

 : 
 .

 :

 .

 .

.

.

.

 :

2 .

 :

.

 .

1
100 .



-
-

2,5 m / s5 m / s . 500 L / s.
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k = 1100 Watt / m2.Ko.
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10 cm – 150 cm.

1 m – 6 m.

16 mm – 50 mm
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:

Qc = G ( i2 – i3` )
= 0,314 (446,5 – 146,74 )  4,186 = 394 (KW)

–PH H–

CFAL – 414

413,95 (KW)

48,8 (m3/h)

 T = 11,2 Co

:

Qc = G ( i4 –  i4` )
= 0,0538 (446,5 – 146,74 )  4,186 = 67,51 (KW)

–PH H–

CA – 83

83,72 (KW)

10,56 (m3/h)

 T = 11,2 Co
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.

:

Q = QC1 + QC2

:

QC1 :.

QC2 :.

Q = 413,95 + 83,72 
Q = 497,67 (KW)

 :

)/(81,23
5186,4

67,497 sKg
TC

QM
w

w

:

)/(716,85
1000

360081,233600 3 hmMV w
w

–ECSAD–

TVA

TVA – 11 – 625

614 (KW)

15,87 (m3 /s)



Caratteristiche Technical Data

La temperatura massima dell’acqua nelle torri standard è di 80°C.
(*) Potenza termica smaltita nominale alle seguenti condizioni: b.u. 24°C - 

entrata/uscita acqua 35°/30°C.
- I modelli seguiti dalla sigla CT sono compatibili con i container, ma non

sono necessariamente i più economici.
- I modelli seguiti dalla sigla S sono più silenziosi di altri di pari potenza, ma

sono più costosi.

The maximum water temperature in standard towers is 80°C.
(*) Nominal heat rejection at the following conditions: w.b. 24°C - water in/out

35°/30°C.
- The models followed by the initials CT are container compatible, but are not

necessarily the cheapest ones.
- The models followed by the initials S have a noise level lower than others

with the same capacity, but are more expensive.

6

Modello Potenza Portata Numero Potenza
TVA termica aria ventilatori cadaun

kW (*) m3/s e motori motore
T=trasmissione kW

Model Heat Air Number Power
TVA rejection Flow of fans of each

kW (*) m3/s and motors motor
T=transmission kW

10-10 109 2,8 1 1,1

10-12 127 2,72 1 1,1

10-15 139 2,72 1 1,5

10-19 196 5,15 1 2,2

10-21 255 4,84 1 2,2

10-26 269 4,84 1 3

10-31 320 8,22 1 2,2

10-36 358 9,36 1 3

10-42 437 9,36 1 4

10-46 475 8,79 1 4

11-62S 614 15,87 1 5,5

11-78 788 16,92 1 5,5

11-90 900 19,05 1 11

11-96 966 18 1 11

11-94S 949 24,61 1 7,5

11-126 1267 26,69 1 11

11-138 1386 29,87 1 15

11-152 1529 28,58 1 15

21-123S/CT 1228 31,74 2 5,5

21-157/CT 1575 33,84 2 7,5

21-180/CT 1803 38,1 2 11

21-193/CT 1933 36 2 11

21-189S/CT 1898 49,22 2 7,5

21-253/CT 2534 53,98 2 11

21-277/CT 2772 58,74 2 15

21-305/CT 3058 51,16 2 15

31-380/CT 3801 80,97 3 11

31-415/CT 4158 88,11 3 15

31-458/CT 4586 85,74 3 15

14-86S 860 22,45 1T 5,5

14-104S 1049 22,45 1T 7,5

14-116 1160 24,5 1 11

14-124S 1243 24,5 1T 11

14-124 1243 24,5 1 11

14-134S 1345 25,17 1T 15

14-134 1345 25,17 1 15

14-105S 1054 27,22 1T 7,5

14-112S 1207 31,79 1T 11

14-144 1448 30,91 1T 11

14-149 1496 31,79 1 15

14-161S 1615 31,79 1T 15

14-171 1702 31,79 1 18,5

14-171S 1702 31,79 1T 15

14-183 1838 34,42 1T 18,5

24-210S 2100 44,9 2T 7,5

24-231 2317 49 2 11

Modello Potenza Portata Numero Potenza
TMA termica aria ventilatori cadaun

kW (*) m3/s e motori motore
T=trasmissione kW

Model Heat Air Number Power
TMA rejection Flow of fans of each

kW (*) m3/s and motors motor
T=transmission kW

24-248S 2486 49 2T 11

24-248 2486 49 2 11

24-268S 2689 50,34 2T 15

24-268 2689 50,34 2 15

24-241 2414 63,58 2T 11

24-289 2896 61,82 2T 11

24-299 2994 63,58 2 15

24-323 3230 63,58 2T 15

24-340 3404 63,58 2 18,5

24-340S 3404 63,58 2T 15

24-367 3675 68,84 2T 18,5

34-434 4343 92,73 3T 11

34-449 4490 95,37 3 15

34-484 4845 95,37 3T 15

34-510 5107 95,37 3 18,5

34-510S 5107 95,37 3T 15

34-551 5513 103,26 3T 18,5

19-127S 1274 32,96 1T 7,5

19-142 1422 37,28 1T 11

19-180 1809 38,36 1T 15

19-202 2002 39,46 1T 18,5

19-216 2166 40,54 1T 22

19-179S 1798 46,79 1T 15

19-233 2333 49,7 1T 22

19-253 2533 49,7 1T 22

19-281 2815 52,62 1T 30

19-196S 1967 51,04 1T 18,5

19-207 2078 54,25 1T 22

19-271 2713 57,46 1T 30

19-292 2927 57,46 1T 30

19-304 3044 56,73 1T 30

29-361 3617 76,72 2T 15

29-400 4006 78,92 2T 18,5

29-433 4332 81,08 2T 22

29-359S 3595 93,58 2T 15

29-466 4665 99,4 2T 22

29-506 5066 99,4 2T 22

29-563 5630 105,24 2T 30

29-415S 4156 108,5 2T 22

29-585 5853 114,92 2T 30

29-608 6087 113,46 2T 30

39-649 6498 121,62 3T 22

39-549S 5498 140,37 3T 15

39-699 6998 149,1 3T 22

39-759 7599 149,1 3T 22

39-844 8445 157,86 3T 30
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) MN / m2() m / s (
0,02 ÷ 0,0078÷12R-12To30 Co

0,00710 ÷ 20R-22To < -30 Co

0,02 ÷ 0,00510÷20NH3To= 0 ÷ 30Co

0,00510÷20NH3To < -30 Co

0,014 ÷ 0,02810÷18R22 – R12

0,014 ÷ 0,000812÷25NH3

1÷1,2R22 – R12

0,6NH3

0,5÷1,25R22 – R12

0,5÷1,25NH3

0,5÷10

Kg10 3 m2mmmmmmmm
0,490,0528128
0,590,082101410
0,790,152141815
0,990,262182220
1,650,602,2527,53225
1,980,882,2533,53832
2,731,282,2540,54540
4,621,963,5505750
6,263,743,5697670
7,385,283,5828980
10,267,854100108100
12,7312,34125133125
17,1517,74,5150159150
31,5933,76207219200
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d ( m ) : .

w ( m / s) : 

V ( m3 / s) : .

 :

V  =  G ×  v 
 :

v : ) m3 / Kg (
G : ( Kg / s )

 :

i
QG

 :

Q : 

 i : ( Kj / Kg )

.



-
-

)/(135,2
186,4)87,4035,446(

1273
12

sKg
ii

QG

V  =  G ×  v2 = 2,135 × 0,106 = 0,226 (m3 / s)

)(119,0
20
226,04 md

:

d = 125 (mm)

)/(0753,0
3
226,0

3
' 3 smVV

)(069,0
20
0753,04' md

:

d` =  82 (mm)
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4 , 5 , 8 , 9 , 12 , 13 , 16 , 17 , 20 , 21 , 24 , 25 , 28 , 29

)/(033,0
186,4)82,14098,400(

36

4'1
sKg

ii
QG

V = G × v4  = 0,033 × 0,0515 V = 1,702  ×10-3 (m3 / s)

)(0176,0
7

10702,14 3
md

:
d = 18 (mm)

) 10  ÷ 0,5 (w = 7 (m/s)

'4`,5`,8`,9`, 12`,13`,16`,17`,20`,21`,24`,25`,28`,29

)/(033,0
186,4)82,14098,400(

36

4'1
sKg

ii
QG

V = G × v1'  = 0,033 × 0,3111  V = 0,0103 (m3/s)

)(0295,0
15
0103,04 md

:

d = 33,5 (mm)

) 20 ÷ 10 (w = 15 (m/s)



-
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3 , 7 , 11,14,15 , 19 , 23 , 26 , 27

:

G = 2 × G4 = 2 ×  0,033   = 0,066 (Kg/s)

V = G × v4 = 2 × V4

= 2 × 1,702  × 10-3 = 3,404 × 10-3 (m3/s)

)(0249,0
7

10404,34 3
md

:

d = 27,5 (mm)

`3,`7,`11,`14,`15,`19,`23 ,`26,`27

:

G = 2 G4` = 2 ×  0,033  = 0,066 (Kg/s)

V = 2 V4` = 2 × 0,0103  = 0,0206 (Kg/s)

)(0418,0
15
0206,04 md

:

d = 50 (mm)

10 ,22

G10, 22 = G11 + G14 = 0,066 + 0,066 = 0,132 (Kg/s)

V10, 22 = G10, 22 ×  v4  =  0,132  ×  0,0515 = 6,798  × 10-3 (m3/s)

)(0352,0
7

10798,64 3

22,10 md

:

d10, 22 = 40,5 (mm)



-
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6 ,18

G6, 18  = G7 + G10 = 0,066 + 0,132 = 0,198 (Kg/s)

V6 , 18  = G6 , 18 ×  v4 = 0,198 × 0,0515 = 0,0102 (m3/s)

)(0431,0
7

0102,04
18,6 md

:

d6 , 18  = 50 (mm)

2

G2 = G3 + G6  = 0,066 + 0,198 G1 = 0,264 (Kg/s)

V2= G2 × v4 = 0,264 × 0,0515 V1 = 0,0136 (m3/s)

)(0497,0
7

0136,04
2 md

:

d2 = 50 (mm)

1

G1 = G2 + G18  = 0,264 + 0,198 G1 = 0,462 (Kg/s)

V1= G1 × v4 = 0,462 × 0,0515 V1 = 0,024 (m3/s)

)(066,0
7
024,04

1 md

:

d1 = 69 (mm)
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 :

2
4

d
Vw

V
(m3/s)

w
 (m/s)

d
 (mm)

V
(m3/s)

w
 (m/s)

d
 (mm)

10,0246,4269'10,144211,75125
20,01366,93502'0,082410,49100
33,404×10-35,7327,53'0,020610,4950
41,702×10-36,69184'0,010311,6933,5
51,702×10-36,69185'0,010311,6933,5
60,01025,19506'0,061811,782
73,404×10-35,7327,57'0,020610,4950
81,702×10-36,69188'0,010311,6933,5
91,702×10-36,69189'0,010311,6933,5
106,798×10-35,2840,510'0,041211,0269
113,404×10-35,7327,511'0,020610,4950
121,702×10-36,691812'0,010311,6933,5
131,702×10-36,691813'0,010311,6933,5
143,404×10-35,7327,514'0,020610,4950
153,404×10-35,7327,515'0,020610,4950
161,702×10-36,691816'0,010311,6933,5
171,702×10-36,691817'0,010311,6933,5
180,01025,195018'0,061811,782
193,404×10-35,7327,519'0,020610,4950
201,702×10-36,691820'0,010311,6933,5
211,702×10-36,691821'0,010311,6933,5
226,798×10-35,2840,522'0,041211,0269
233,404×10-35,7327,523'0,020610,4950
241,702×10-36,691824'0,010311,6933,5
251,702×10-36,691825'0,010311,6933,5
263,404×10-35,7327,526'0,020610,4950
273,404×10-35,7327,527'0,020610,4950
281,702×10-36,691828'0,010311,6933,5
291,702×10-36,691829'0,010311,6933,5
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)/(325,0
186,4)96,3975,446(

66
14

sKg
ii

QG

V  =  G ×  v4 = 0,325 × 0,106 = 0,0344 (m3 / s)

)(0468,0
20

0344,04 md

:

d = 50 (mm)

23

)/(0394,0
186,4)81,10091,391(

48

8'1

sKg
ii

QG

V  =  G ×  v8 = 0,0394 × 0,1 = 3,94 × 10-3 (m3 / s)

)(0267,0
7

1094,34 3

md

:

d = 27,5 (mm)
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'2'3

)/(0394,0
186,4)81,10091,391(

48

8'1

sKg
ii

QG

V  =  G ×  v1 = 0,0394 × 1,0511 = 0,0414 (m3 / s)

)(059,0
15
0414,04 md

:

d = 69 (mm)

1

G1 = G2 + G3  = 0,0394 + 0,0394 G1 = 0,0788 (Kg/s)

V1= G1 × v8 = 0,0788 × 0,1 V1 = 0,00788 (m3/s)

)(0378,0
7

00788,04
1 md

:

d1 = 50 (mm)

V
(m3/s)

w
 (m/s)

d
 (mm)

V
(m3/s)

w
 (m/s)

d
 (mm)

17,88  × 10-34,01350'10,082810,542100
23,94 × 10-36,63327,52'0,041411,07269
33,94 × 10-36,63327,53'0,041411,07269
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