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Abstract

This report was to present the research of the refrigeration cycle’s energy efficiency enhancement in
the frozen seafood factory by using waste cooled water. Three important issues were considered: (1)
evaluated the size of evaporative condenser, (2) increased the COP, of two stage compression
refrigeration system, and (3) evaluated the size of shell and tube heat exchanger. From the result of
the study, it can be concluded that, the area of the evaporative condenser is 3.97 m’” which is cooled
by water at 27°C. In the factory, there is a great amount of waste cooled water which comes from
the washing process. The refrigeration cycle’s energy efficiency is enhanced by using waste cooled
water to reduce the temperature of condensing water before cooling the evaporative condenser via
shell and tube heat exchanger. The temperature of condenser water decreases from 27°C to 24.7°C,
affecting the high side pressure that will decrease from 15.05 bar to 14.05 bar. The COP, increases
from 2.8 to 2.91 in the case of ideal situation. However in the normal practical work, the COP, will
up from 2.24 to 2.33. The sizes of shell and tube heat exchanger which the is made from stainless
steel 316 (SS316) shell and tube heat exchanger which pipes is made from polyvinylchloride (PVC)
and shell is made from high density polyethylene (HDPE) are equal to 0.59 m’and 2 m’ respectively

in order to save energy well.

Keywords: Evaporative Condenser/Energy Efficiency/Coefficient of Performance
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_ Qe,kW
my = P (14)
my = my =m; =myg (15)
ﬁuﬂauﬁaLLazwﬁﬂﬂ1u
mzhz + Th6h6 = Th7h7 + Yh3h3 (16)
mz = Mg (17)
Qe=hy — hg (18)
Qe xw=m1(hy — hg) (19)
Qc=hy — hs (20)
Qcxw=m3(hy — hs) 2D
iy (hy—hg)
COPy = i (1 —he 22
R 7y (hy—hq)+1h3(hs—h3) (22)
d' A (% U Y d' d'
D Qe 19 DAIINIIDTYINAITUIDUNIAIDITSINY (kJ/kg)
A (% U Y d' d'
Qe,kW A0 DATINITDIYNANNUIOUNATOITLLNY (KW)
A o ' P A A '
Qc 19 AT INIIDTYLINAITUIDUNIATDIAIVLUU (kJ/kg)
A o ' P A A '
Qc,kW A9 DATINITDIYNANNUITOUNATDIAIVLUU (KW)
% o d
h; Ao U veeasiAuEY (ki/ke)
. A o o <
m, o @51ﬂ1ivlﬁaell@\1ﬁ1iﬂ1ﬂ31ulﬂu (kg/S)
Qe Ao easmMsmemanyiouninTeeseme (kW)
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o < { {
HUITDUL (Coefficient of performance) UDITSUUNAINLIU h1?9])€t]1ﬂf‘Tllﬂ'liﬁ 23 Lngﬂﬁ 2.17

_ Qey+Qe, _ my(hi—hg)+mg(hz—he)
COPy = w1y (hy—hy)+1iz(he—h3) @3

Condefiser 4
5°C
T — ¥
a
5 -
4
5
— 2
E
A :
r 1 Iatercooler and
flash tank
l T E\'ilpc.\mlur
——RQ)— 2s0k¥
#| sc S —
whill Enthalpy, k!/kg

Y
C%

3 o wa o < o 3
gﬂﬁ 2.16 VUADUMINIWNIULASAUTNUAUBITTITNIANUIUVDITSUUNMANVIULUY 2

3 a4 A A4 o A
VYUADU NUATOITLINY 1 IATDIUDLIATOIDA 2 1ATDY [13]

5 Cond 4
arc
bt § a0'c F
F.u;:ggmr n'_" f L) 5 ? kPﬂ
&1 200kw o
=
E 7 5°C 3 vy
- [+
b . = 6 517kPa
B oo L0 .
: a 120 kPa
Evaporator
l _{2 }— -W0"
L T k&
i i i

Enthalpy, ki/kg

3 2 o wa o < o <
gﬂﬁ 2.17 YUADUMINIWNIULASAUTNUAUBIATITNIANIUIUVDITSUUNIANVIULUY 2
9

a4 A 4 o A
VYUNDU NUIATDITLINY 2 IATDAULDLIATOIOA 2 1ATDN [13]
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3) Cascade system
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HISTORY OF REFRIGERANTS

He. Future?  Natural refrigerants
= CO2 NH3 methyl-

NH3 CO2 " so2 chloride
Kyoto 7 2011 1834 Alee

Protocol ethyl-

ether
(R610)

1930
NH3 CO2
NH3 1990 HCs

Montreal

Protocol y

1987 i
y

[
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A1ITNIANULYUND @lu1ﬂ1§ﬂ\1§ﬂﬂ 2.20 1uﬂ f.7. 1850 UNITUAUITITNIANNLEYU Ethyl-ether

dy ~ A 1 == o Y v !
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Number Chemical Name Chemical Formula

Methane Series

11 trichlorofluoromethane CCLF

12 dichlorodifluoromethane CCLF,

22 chlorodifluoromethane CHCIF

Number Chemical Name Chemical Formula

Ethane Series

134a 1,1,1,2-tetrafluoroethane CH ,FCF |

170 ethane CH ,CH ,

Number Chemical Name Chemical Formula
Ethers

E170 Dimethyl Ether CH,OCH,
Number Chemical Name Chemical Formula
Propane

290 propane CH ,CH ,CH |
Number Chemical Name Chemical Formula

Cyclic Organic Compounds

C318 octafluorocyclobutane -(CF )

Miscellaneous Organic Compounds

Number Chemical Name Chemical Formula
hydrocarbons
600 butane CH ,CH ,CH ,CH , A3

601 Pentane

CH ,CH ,CH , CH ,CH,

oxygen compounds

610 ethyl ether

CH ,CH, OCH,CH ,




3 o ] o < J 1
ﬂﬁNﬁ 2.1 @]’J@ElNﬁﬁ“VﬂﬂﬂiJLﬂuﬂizlﬂ‘ﬂﬁN‘] (99)
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Miscellaneous Organic Compounds

Number

Chemical Name

Chemical Formula

sulfur compounds

620

(Reserved for future assignment)

Number

Chemical Name

Chemical Formula

Number

Chemical Name

Chemical Formula

Nitrogen Co

mpounds

Nitrogen Co

mpounds

630

methyl amine

CH NH,

631

ethyl amine

CH ,CH ,(NH ,)

Number

Chemical Name

Chemical Formula

Number

Chemical Name

Chemical Formula

Inorganic Compounds

Inorganic Compounds

702 hydrogen H, 704 helium He

717 ammonia NH | 718 water H,0
728 nitrogen N, 732 oxygen 0,

740 argon Ar 744 carbon dioxide Cco,
764 sulfur dioxide SO,

VniN‘ﬁ 2.2 @T’mshqmiﬁm’nmﬁumn

Number Refrigerant Composition (Mass % ) Number | Refrigerant Composition (Mass % )
Zeotropes Zeotropes

401A R-22/152a/124 (53.0/13.0/34.0) 402A R-125/290/22 (60.0/2.0/38.0)
403A R-290/22/218 (5.0/75.0/20.0) 404A R-125/143a/134a (44.0/52.0/4.0)
405A R-22/152a/142b/C318 (45.0/7.0/5.5/42.5) 406A R-22/600a/142b (55.0/4.0/41.0)
408A R-125/143a/22 (7.0/46.0/47.0) 409A R-22/124/142b (60.0/25.0/15.0)
409B R-22/124/142b (65.0/25.0/10.0) 410A R-32/125 (50.0/50.0)




21

H (% ] o < J
ﬂ]iNﬁ 2.2 AMDYWNANTMANVYIUNTY (91D)

Number Refrigerant Composition (Mass % ) Number | Refrigerant Composition (Mass % )
Azeotropes Azeotropes

500 R-12/152a (73.8/26.2) 501 R-22/12 (75.0/25.0)

502 R-22/115 (48.8/51.2) 503 R-23/13 (40.1/59.9)

504 R-32/115 (48.2/51.8) 505 R-12/31 (78.0/22.0)

506 R-31/114 (55.1/44.9) 507A R-125/143a (50.0/50.0)
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CODEX, WHO [17] -18
UNDY. [148] -18
Australian-New Zealand Standard (AS/NZS) [19] -15
Canadian Test Procedure (CAN) [19] -17.8
Japanese Industrial Standard (JIS) [19] -18
Korean Test Procedure (KS) [19] -18
Chinese National Standard (CNS) [19] -18
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CoolPack

- A Collection of Simulation Tools for Refrigeration -
CoolPack is a collection of simulation programs that can be used for designing, dimensioning, analyzing and optimizing refrigeration systems.

[The simulation programs in CoolPack are divided into six categories - each represented by a tab in the Toolbar above. You can get an overview of the programs in a category by clicking on its
[Toolbar tab. Clicking on the icons in the Toolbar starts the individual programs.

IA description of CoolPack and several CoolPack- ises can be found in th ion (in both Danish and English versions). If you received CoolPack on CD-rom you can find the
|documentation (in MS-Word and PDF formats) in the folder named "Documents™ on the CD-rom. The documentation can also be downloaded from our homepage on www.et.dtu.dk/CoolPack.

IThe CoolPack program is freeware. It may be distributed freely - but we kindly ask all new users to register by sending us an e-mail (CoolPack@et.dtu.dk). Apart from making us happy that our
program is used, receiving a registration mail will also make it possible for us to send out newsletters and inform about program updates. If you have comments about the program, find bugs, have
ideas for improving the models and/or about creating new models we would very much appreciate if you would send us an e-mail (CoolPack@et.dtu.dk) or a fax (+45 45 93 52 15).

[The development of CoolPack was initially financed by the Danish Energy Agency (www.ens.dk). Since January 2000 the development has been financed by the Department of Mechanical
Engineering, DTU and the program developers (Team CoolPack) themselves.

DISCLAIMER:

[We have done our best to make the programs in CoolPack as robust, error fee, relevant and as easy to use as possible. However, we can not guarantee that the programs are free fiom errors and since it is pratically
impossible to build in safe uards preventing the programs from being used in ways that were not intended or used for calculations beyond the imitations of the underlying simulation models, we can therefore not accept
any legal what S0 ever for any arising from the use of emoneous results calculated with CoolPack. Users are advised to evaluate all results thoroughly before they are used

(€ 1996 - 2001 Department of Mechanical Engineering
ITechnical University of Denmark
INils Koppels AlS, Building 402
IDK-2800 Kgs. Lyngby
K

DENMARS

Phone:  +4545 25 4129

Fax +45 45 93 62 15

e-mail.  CoolPack@et.dtu.dk
Jweb: www_et.du_dk/CoolPack
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4.4.3.1 nsain 1 gUnsamani/asunndouiiilsznouain $S316 Shell, SS316 Tube Tagiivig
'
WU UAUENA1NN 25 mm. W1 1.7 mm. [37] miadulsganiminomaruiousw U) 14
2 A @ = ¥ Yo ot A
982 W/m °C 1sziiuvinauazsn [38] vesginsaiuann/asunnudou laaemsieh 4.7 naiiawnsn
I3 v t4 { @ {
ponuuumMsaenldanuenazsune luglnsaiuanulasunnudouldasg i 4.14 - 415 Tae

U

A o Yo v A 1w A o Y ' A 1w
g“lJ‘V] 4.14 Mrua InuIunensimng 1 L!ﬁggﬂ‘ﬂ 4.15 Mrua IHaNUeINEAINIMINY 1.8 m.

]
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M519N 4.7 Ve 3191 vesgUnsaluanlfeunnufouiiaszneusin SS316 Shell, SS316 Tube

A

A o 9

Wenasundasnnuaudiugs guugihynduasesndruuiy uag COP,

o Y1 A Y 1 4
mwuﬂiwmmmmﬁuwmg{uaﬂmq 25 mm.

i}ﬂﬁ COP, 80%COP, P (bar) Inlet Temperature Outlet Temperature Area of H.X. Cost
Water (°C) Water (°C) (mz) (Baht)
1A 2.80 2.24 15.05 27 27 - -
1 2.81 2.25 14.95 27 26.8 0.04 31,211
2 2.82 2.25 14.85 27 26.55 0.09 36,413
3 2.83 2.26 14.75 27 26.35 0.14 41,615
4 2.84 2.27 14.65 27 26.1 0.20 46,817
5 2.85 2.28 14.55 27 25.85 0.26 52,019
6 2.86 2.29 14.45 27 25.6 0.32 57,221
7 2.87 2.30 14.35 27 25.4 0.38 59,822
8 2.89 2.31 14.25 27 25.2 0.44 62,423
9 2.90 2.32 14.15 27 24.95 0.51 67,625
10 291 2.33 14.05 27 24.7 0.59 70,225
8 . G r
: * :
R R R R """" P 5 ................................ = L
oy R R T S R S ........................ 2
= = * I | A W AR -NUR -, 1) E T RO CRN—
Sus o = :
é 4 . g L e ......... ool T e e s e e e ]
?: 3 : é 2 * ke
2t s g = :
ST 5 TR SR SRR N . NP S T e e e e e i
e ; : : : : o : : : : : :
s K 0= 0= oA 0o 0E ] 01 02 03 04 05 OB O7F

Area of heat exchanger (m2)
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Tube 1o n=1 Shell, SS316 Tube (3o L = 1.8 m.
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4.4.3.2 n3ain 2 gunsamanndsunnaZeuiilszneuain PVC Shell, HDPE Tube Taoilivuia

1 4 1 1 o a £ 1
LE?T}‘L!W”qu’mEJﬂa"NTI@ 25 mm., AU 2.3 mm. ‘Vﬂﬂ”Iﬁll'ﬂigfﬁ/]‘ﬁﬂ”liﬂ”lfJL‘i/]ﬂ’J”lll%}’f)ui’m (9)] Hlﬁj 290
y 9

2 a C4 = 9y Y v A v A
Wm™C Usziiuvuatagsim [39] ﬂlﬂﬂ@ﬂﬂﬁﬂlllﬁﬂlﬂaEluﬂ']’liJi'fJullﬂﬂ\WnﬁW\‘lcﬂ 4.8 MUTINTD
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U

Taegali 4.16 Tvualdswaunensininy 1 uazgili 4.17 fvualdanuenvenaiminy 1.8 m,
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M519N 4.8 Vu1A 3191 vesgnsaluanldouniufeunialsznouin PVC Shell, HDPE Tube

a ¥ 9

Wenlasundasnnuaudiuge guvgiihyndniosnrvuliy uaz COP,

o Y1 A Y ] 4
ﬂ”l‘Vi‘Llﬂl‘]rW]ﬂiﬂJH"lﬂLﬁMN"I‘L!f’fiwﬂa”lﬂ 25 mm.

i}ﬂﬁ Ccop, 80%COP, P (bar) Inlet Temperature Outlet Temperature Area of H.X. Cost
Water (°C) Water (°C) (mz) (Baht)
1A 2.80 2.24 15.05 27 27 - -
1 2.81 2.25 14.95 27 26.8 0.14 2,256
2 2.82 2.25 14.85 27 26.55 0.32 2,381
3 2.83 2.26 14.75 27 26.35 0.47 2,494
4 2.84 2.27 14.65 27 26.1 0.67 4,413
5 2.85 2.28 14.55 27 25.85 0.88 4,564
6 2.86 2.29 14.45 27 25.6 1.09 4,716
7 2.87 2.30 14.35 27 25.4 1.28 13,596
8 2.89 2.31 14.25 27 252 1.48 13,736
9 2.90 2.32 14.15 27 24.95 1.78 13,952
10 291 2.33 14.05 27 24.7 2.00 14,114
30 T
Z ; 3 * : 5 : ¥
25 .............. .............. .............. ....... * ..... - - . “]‘-1 _____________ .............. .............. ....... = SRR -
: ; : : 25 g B R T T T TS S e R R IR R D
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Area of heat exchanger (rm2) Area of heat exchanger (m2)
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4.4.3.4 aydwamsnlSavnavvinanazsimvesgunsamanildsunnudeu nilsznevain
Jaqarsriany 1dun gunsaluandsuniiudouiilsznouain SS316 Shell, SS316 Tube
J : { @
uazgnsaivanasuaiiudeuiilsznoua1n PVC Shell, HDPE Tube 9032110140

443.1 uay 4432 a31'1403015199 4.9

M <& v M
M 4.9 azdwanisilSewfieugdnssiuanldsunnuieounsznousin ss3i6

Shell, SS316 Tube tta PVC Shell, HDPE Tube

80% | /\PReduction | Outlet Water SS316 HDPE-PVC

copr, (bar) Temp. (°C) oMo (mm.) | Area (mz) Cost (B) oo (mm.) | Area (mz) Cost (B)
1au - 27 - - - - - -
225 0.1 26.8 25 0.04 31,211 25 0.14 2,256
2.25 0.2 26.55 25 0.09 36,413 25 0.32 2,381
2.26 0.3 26.35 25 0.14 41,615 25 0.47 2,494
227 0.4 26.1 25 0.20 46,817 25 0.67 4,413
2.28 0.5 25.85 25 0.26 52,019 25 0.88 4,564
2.29 0.6 25.6 25 0.32 57,221 25 1.09 4,716
2.30 0.7 25.4 25 0.38 59,822 25 1.28 13,596
2.31 0.8 252 25 0.44 62,423 25 1.48 13,736
2.32 0.9 2495 25 0.51 67,625 25 1.78 13,952
2.33 1 24.7 25 0.59 70,225 25 2.00 14,114
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o < d ' ~ A 14 R - A
MANUIULUY 2 YUNDU Lm‘luﬂimﬂjix‘lﬂ11!13J3JQ‘]JﬂSmLﬂ‘LI‘L!”ILEJ°LWN ﬂszmuﬂmmmﬂaau
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ﬂ’J”Ill3@1!3314’31\‘]1!1&81!1/]\1L!ﬂ$1!1ﬂ§$ﬂ1 %mmumi"lmwm 8 GH’JTlN

) @ 4 A 9 A A =
ﬁ”l‘l’iiﬂQﬂﬂimuaﬂL']J@EJ‘L!ﬂ’J”I?Jii’J‘L!V]‘]Ji%ﬂi’]iﬁ]”lﬂ SS316 Shell, SS316 Tube Gl,uﬂiiu‘i/] 1 13\1\111!11
cad ¥ a & A 1A el 3 g L ' A =
Qﬂﬂimmumwumuaxﬂsmw 2 Tiﬂﬂ”lullﬂll@ﬂﬂimlﬂﬂu"llﬂuﬂﬂ WU AITLADNAINUNYANTT

o A I 9 ~ a? o o A

NNIUN 6 L']J‘L!@]‘Llllﬂ u,az:mmaﬁaumﬂmammmuqmm 10 ANTTNINIU IANITNIWNIUN 10
) a A Yo = ~ @

v ldmanouunugnigenge ajunalanemsnai 4.10 - 4.11 nazgili 4.20-4.21 Tagd08193m1s

o A Y o A

FIUIUNTTSISLIANIAUNU L!ﬁﬂ\‘lulﬂﬂ\‘lﬁuﬂ'lﬁﬂ 24

AUNUITIN = HOADULNUGND (24)

114,025+37,024n = 62,461n

114,025 = 62,461n —37,024n

n=4.5

~ a = A A = J < 3 g &
M1919N 4.10 Nammmuqmuaxszaznmﬂunuiuﬂimmiswmuqﬂﬂimmumwum

(dginssivann)asuaudounisznouain $S316 Shell, SS316 Tube)

9t | COP, | Pan | A(m) tiio n fie 1l

6 2.29 14.45 032 | Aunusw 101,021+35,073n
WaROUUNUGNTD 35,307n
sTezAINUNY 432.7

10 233 14.05 059 | Aunusw 114,025+37,024n
WaROUUNUGNTS 62,461n
FTeTIAIAUNY 45

~ a = A A 12 J I 2 g &
AN 4.11 NammmuqmuazszaznamunuiuﬂsmmTiwmllwqﬂﬂsmmumwum

A¥ailnsainannlasuanudounalsznouain SS316 Shell, SS316 Tube)

9t | COP, | Pan | A(m) tiio n fie 1l

6 229 14.45 032 | Aunusou 66,021+14,912n
WaROUUNUGNS 17,653n
FTezIAIAUNY 24.1

10 233 14.05 059 | Aunusw 79,025+15,887n
WaRBLUNUGNT 31,230n
FTIAIAUNY 5.2
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d' a A A =\ I I %} < 2
AN 4.12 wammmuqmuazﬁz&13na1ﬂunu“luﬂﬁmﬂﬁwmuqﬂﬂimmummum

(dginssinannlasunuiouiitsznouain PVC Shell, HDPE Tube)
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0. =1,274.7 K xmy =1,274.7 K X 0.2124k—g =270.7122kW
’ kg ; kg s
COP,pyy =~ Cos =283
my (hy —hy) +my (hy — hy)
COPpractical = 08 x COPideal = 226

il Refrigeration utilities - [Log(p]-h anagra m: R717, NH3, Ammenia]
gl File Edit Draw View Format Options Window Help

Ne|lgdbhleS=F 0&l?|waaeo-— |z

Cycle info [Two stage, open intercooler]. Refrigerant: R717 &
Select cycle number: T e
Low stage: High stage:
2] Evaporating temperature [*C] -33.84 Condensing temperature [7C]: 3810
Superheat [K]: 0.0o Subcooling [K]: 0.0o
['p evaporator [bar]: 000 ['p condenser [bar]: 000
['p suction line [bar]: 0.0 D'p liquid line [bar]: 0.00
Dp dizcharge line [bar]: 0.00 D'p suction line [bar]: 0.00
|zentropic efficiency [0-1]: 1.00 Dp dizcharge line [bar]: 000
Delete cycle . . lzentropic efficiency [0-1]: 1.00 |
Calculated: 1 1 Dimensioning: 1
. PR E—— Intermediate pressure [bar]: 382
Qe [kdkal 1230.947 .
L d ] B kW] 0.000 Intermediate temperature [7C]: 31N
e [kl kgl 127687 | g ow) o000 L 1
CoP: 283 || mlow [kgss]:  [0.00000000
W low stage [k kal: 180.627 W low [k 0.0000
W high stage [kl kgl 13477 | s jow [k [0.000 Y olumehiic efficiency
high)/[m low): 1.3071 Floes ook
[;1 igh] [mt'DT] .y o o [k (0,000 T W
Tessure rato low |- & T .
P fio high [ 3864 ehia ko] Eﬂmﬁ. Displacement [m™3/h]: 0
IS Lo : W high [m"3¢h] |0.0000
) ) g [ ] f— High stage: {0.00
W high [KiwWT: 0.000
h biah Tk, [ooon Displacement [m™3/h]: 0
Coordinates of paints. .. ‘ Frrint J LCopy ‘ Update | Help ]
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ﬁﬂﬁ 4 P, =14.648 bar, P = 0.9876 bar
h, = 1416.746 h,=1596.844 h, =1457.179 h,=1651.353
hy=376.207 h,=376.207 h,=185.395 h, = 185.395

m, = 200kW = 0.1624k—g
hy — hg s

. . . . kg

my, =nm, =m, =mg =0.1624 —

s

i, h, —m-h

iy = M2l Tl g 5191 K8

hy —hg s
Q,=h —hg = 1,231.4k—J
kg

O,.ww = 1,231.4k—J>< m, = 1,231.4ﬁ><0.1624k—g =200kW
' kg kg s
Q. =h,—hs = 1,275.1ﬁ
kg
O.w = 1,275.1k—J>< Hy, = 1,275.1k—J>< 0.2121k—g =270.4324 kW
’ kg ; kg s
COP,y =— Q"’kW_ =2.84
my(h, —hy) +my(hy —hy)
CO[;Jractical =0.8x COEdeal =227

3
o

4 Refrigeration utilities - [Lag(p]h uriagram: R717, NH3, Amnmia]
dll File Edit Draw View Format Options Window Help

e | = HZEF|D&|2 |waqem—|= 2o
Cycle info [Two stage, open intercooler]. Refrigerant: R717 &
Select cycle number; r e
Lowy stage: High stage:
i2) Evaporating temperature [7C]:  -33.84 Condensing temperature [YC: 3786
Superheat [K]: 0.00 Subcooling [K] 0.00
['p evaporator [barl: 0.00 Dp condenser [bar]: 0.0o
Dp zuction line [bar]: 0.00 Dp liquid line [bar]: 0.0o
Dp dizcharge line [bar]: 0.00 Dp suction line [bar]: 0.00
lzentropic efficiency [0-1]: 1.00 Dp digcharge line [bar]: 0.0o
Delete cycle . . lzentropic efficiency [0-1]: 1.00 |
Calculated: 1 Dimensioning:
e e |2 al 1971 AE1 : PerT— Intermediate pressure [barl: 380
S R I Be (kW] 0.000 Intermediate temperature [*C): 320
f ¥ - Qe [kl 0.000 : =
Cop: 284 | | mlow[kgss]: 000000000
W low stage [kl Aa): 180.058 | | g ™32k |0.0000
"W high stage [k/kal 134174 low (k] {0000 W olumetric efficiency
Eﬂhlgh]#[m !DT]: 1;2: 8 loss low [ki]. 10,000 Low stage: W
it 7l; X i -
Pressure ratfo ;wh[[]] . m high [kods]  |0.00000000 Displacement [m“3]: D
il Rl : % high [m™3/h]. |0.0000
§ g — High stage: |0.00
Whigh [k} |0.000 i
3 lass high W (0,000 Displacement [m™3/h] 0
Coordinates of paints... ‘ Frint | LCopy ‘ Update | Help ‘

Ui .7 wamsduiumal CoP, a1 1151n3u CoolPack a1 9ANT¥IIUN 4

80



il

ik

Qi fﬁ’[

\.\"'3"-'

1.00

(1]

x=010

LT, Dieputiroeert of By Erprmaering

i g K] vin fe*3ig] T[]

LIT Syvry & F | H Krmduma 110400
27,

00 R?l? Rt R Coeing, Klimar- e dxpmeinegr Ki-Fuara I, 1071

T |
EEEEEE E = = SEEE= S =
=R = = (=L = B P
= T TN i =1 —_

lreg| amssarg

o o 2 o H
TEUUMANWIUUUD 2 VUADU U ﬂﬂ‘VINTLlﬁ 4

Ean
=
=h-
2
®

2000

200 300 40 300 (] 00 300 1] 103 1100 1200 1500 1400 1300 1600 1700 1800 1500
Enthaley [

100



90N 5 P, = 14.548 bar, P, = 0.9876 bar

h,=1416.746 h,=1596.312 h,=1457.080
h,=375.046 h,=375.046 h,=184.989
i, = 220KW 6 1604 K8
hy — hg s
. . . . kg
my, =m, =m, =nyg =0.1624—
s
,h, —msh
ity = My, —ly _ 0.2118k_g
hy — hy s

k kJ

0, = 12318 i = 1231.85 1 0.1624 %8~ 2004w

kg kg

0, =h —hy =1,2318%

kg

N

0 =h, —hy =1275.6%L

kg

h, = 1650.653

hy = 184.989

Qo w = 1,275.6Z—J>< iy =1275.6 % 0211858 ~270.1515kW
g

kg
Qe,kW

N

=2.85

COPideal =" .
my (hy —hy) +my (hy — hy)
COPpractical = 08 X COPideal = 228

il Refrigeration utilities - [Log(p]—h nriagram: R717, NH3, Ammonia]

gl File Edit Draw View Format Options Window Help

e ed bh -3 P 0& 2| |waQa @~ == w

Cycle info [Two stage, open intercocler], Refrigerant: R717 £
Select cycle number: T i
Liowy stage: High stage:
2 E vaporating temperature [?C  -33.84 Condensing temperature [?C]: 3762
Superheat [K]: 0.00 Subcooling [K]: 0.0o
D'p evaporator [bar]: 0.00 [p condenser [bar]: 0.00
D'p suction line [bar]: 0.00 Dip liquid line [bar]: 0.00
Dp digcharge line [bar]: 0.00 [ip zuction line [bar]: 0.00
lzentropic efficiency [0-1]: 1.00 Dp discharge line [bar]: 0.00
Delete cycle . Isentropic efficiency [0-1]: 1.00 |
Calculated: 1 Dimengioning: T
E [ — Intermediate pressure [barl: 373
Qe [kl kgl 1231.757 .
el dl Be [lw]: Qo Intermediate temperature [*C]: 329
O [kd/kal 1275607 | | e pew]: n.o00 L |
COF: 285 || | miowkg/s]:  |0.00000000
W lowe stage [k kgl 173566 | | v/ jogw [m"3/h]  [0.0000
"W high stage [kl kgl 133573 || s faw [k 0.000 Yalumetric efficiency
high)[m law]: 13043 | | 31oss loie Tk
::1 igh}/fm _DT] - e [k 0.000 Low stage: 10.00
ressure ratio low [ 2 i .
P tio i h[[]] 183 gl kol _DED.@. Displacement [m”3/h]: 0
ressure ratio high [-]: 2 W high [m™3/h] |0.0000
) ) : [ | L. High stage: {0.00
W high [T 0.000
3 lass bigh [k [0.000 Dizplacement [m™3/h]. O
Coordinates of paints... ‘ Frint J LCopy ‘ Update | Help ‘
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ﬁﬂﬁ 6 P, =14.448 bar, P, = 0.9876 bar
h, = 1416.746 h, =1595.777 h, = 1456.980 h, = 1649.949
h,=373.880 h,=373.880 h, =184.580 h, = 184.580
m, = 200W _ 0.1623
hy — hg

. . . . kg

m, =m, =m,; =mg =0.1623—

s

i1,hy, — 1y h
iy = Ml =Ml g 511548
hy — hy s
Q,=h —hg = 1,232.2ﬂ
kg
O,uw = 1,232.2k—J>< m, = 1,232.2k—J>< 0.1623k—g =200kW
’ kg kg s
Q.=h,—hs = 1,276.1k—J
kg
O.w = 1,276.1k—J>< my = 1,276.1k—J>< 0.21 15k—g =269.8696kW
’ kg ; kg s
COP,,, = et =2.86

3
o

il

a
N

my (hy —hy) +my (hy — hy)
COPpractical = 08 x COPideal = 229

il Refrigeration utilities - [J_og(p]-h duiagram: R717, NH3, Ammia]
gl File Edit Draw View Format Options Window Help

Ne @d hbS=F D82 |waaed-—|==|uw

Cycle info [Two stage, open intercooler]. Refrigerant: R717 Y
Select cycle number: T [
Liow stage: High stage:
2 Ewaporating temperature [?C] -33.84 Condensing temperature [7C] 3737
Superheat [K]: 0.00 Subcooling [K]: 0.00
Dp evaporator [bar: 0.00 D'p condenser [bar]: 0.00
D'p suction line [bar]: 0.00 Dp liquid line [bar]: 0.00
Dp digcharge line [bar]: 0.00 Dp suction line [bar]: 0.00
lzentropic efficiency [0-1]: 1.00 Dp discharge line [bar]: 0.00
. . |sentropic efficiency [0-1]: 1.00 |
Calculated: 1 Dimenszioning: 7
X Intermediate preszure [bar]: 378
Qe [kd kgl 1232.1686 .
[ dl U kW] 0000 Intermediate temperature [7C]; -3.38
G [kdkal: 1276.069 | | e (k). n.aoa L 1
[ cor: 285 || miom lkg/s]:  [n0000O0OD
W low stage [k Akal: 179.031 Y low [m"34h]  [0.0000
W high stage [k./kg]: 192969 || foy [kw]: 0.000 Y alumetric efficiency
high) A low): 1.3029 | | 3 10se low Tl
::1 igh)/[m _OT] P e [k 0.000 Low stage: 10.00
Tessure ratio low [-]: . i .
: i h[[]] - m high [ka/s]  |0.00000000 Displacement [m"3/h]. 0
G A aleTH R : % high [m™3/h]: |0.0000
- - S — High stage: |0.00
Whigh kw0000 i
- pigh e oooo Displacement [m™3/h} 0
Ok Coordinates of paints. . ‘ Print J Copy ‘ Update | Help ‘
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86

90N 7 P, = 14.348 bar, P,= 0.9876 bar

h,=1416.746 h,=1595.239 h,= 1456.880 h,=1649.240
h=372.708 h=372.708 h=184.169 h=184.169
my = 200W _ 0.1623k—g
hy — hg s
. . . . kg
m, =m, =m,; =mg =0.1623—
s
,h, —moh
ity = My, —ly _ 0.2112k_g
hy — hy s
Q,=h —hg = 1,232.6ﬂ
kg

O,uw = 1,232.6k—J>< m, = 1,232.6k—J>< 0.1623k—g =200kW
’ kg kg s

Q.=h, —h; =1,276.5 K
kg

0. =1276.5 k—Jx my =1,276.5 k—Jx 0.21 12k—g = 269.5864 kW
’ kg kg s

Qe,kW

COPideal =" . = 287
my(h, —h)+my(h, —hy)
COPpractical = 08 X COPideal = 23

4 Refrigeration utilities - [Logl[p]—h uriagram: R717, NH3, Ammia]
gl File Edit Draw View Format Options Window Help

e gHBhLI=F D8 2 |waaea@—| <=2 o

Cycle info [Two stage, open intercooler]. Refrigerant: R717 P
Select cycle number: r |
Lo stage: High stage:
Al Evaporating temperature [YC]  -33.84 Condensing temperature [?C]: 373
Superheat [K] 0.00 Subcooling [K]: 0.00
Dp evaporator [bar]: 0.00 Dp condenser [bar]: 0.00
Dp suction line [bar]: 0.00 Dp liquid line [bar]: 0.00
Dp dizcharge line [bar]: 0.00 Dp suction line [bar: 0.00
|zentropic efficiency [0-1]: 1.00 Dp discharge line [bar]: 0.00
Isentrapic efficiency [0-1]: 1.00
Calculated: 1 1 Dimenzioning:
% [ e — Intermediate pressure [bar]: 376
Qe [kl kal 1232.577 . B
[ al Ue k'] L000 Intermediate temperature [7C]: -3.47
I/kal: 1270 532 e [kw]: 0.000 L |
COP: 2.87 | mlow [kgés] . |0.00000000
W low stage [klkal: 175.433 W low [m™3/hE  [0.0000
"W high stage [kl fkgl: 192360 ||y jow [k [0.000 W olumetric efficiency
high]/m low]: 1.3015 Fl5ss vl
Iy bick _DW] i [l ]0.000 Low stage: W
Eressure ra:fo :?Wh['[]il 22:5 m high [kadz] 0.00000000 Displssemert e
ressure ratio high [-] : % high [m™3/h}: |0.0000
- - L T High stage: {0.00
W high [kw]  [0.000 s
[ loss high [k [0.000 Displacement [m™3/h]. 0
ak Coordinates of points.. ] Frrint I LCopy ‘ Update | Help ‘
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9AN 8 P, = 14.248 bar, P,= 0.9876 bar
h=1416.746 h,= 1594.679 h,= 1456.778 h,= 1648.527
h.=371.530 he=371.530 h=183.755 h=183.755
i, = 220KW 6 1600 k8
hy — hg s
. . . . kg
my, =m, =m, =nyg =0.1622—
s
iy = 2Rl l 510948
hy — hy s
0, = h —h, =133~
kg
0, o =1.233% i 212338 % 0.1622%8 = 200kw
kg kg s
0. =h,—h, =1277%
kg
0. =12775 i, =127 02100 %8 — 269 2080 1w
’ kg kg s
COP,pyy =~ Cos =2.89
my (hy —hy) +my(hy — hy)
COPpractical =0.8x COPideal =231

4l Refrigeration utilities - [Log(p]—h -n:iagram: R717,. NH3, Amrnmia]

gl File Edit Draw View Format Options Window Help

Ne @ bhleS=F 08 2]waae@—| == |3

Cycle info [Two stage, open intercocler]. Refrigerant: R717 =
Select cypcle number: T —
Low stage: High stage:
E waporating temperature [*C]:  -33.84 Condensing temperature [TC]: JE.83
Superheat [K]: 0.00 Subcooling [K]: 000
Dp evaporator [bar]: 0.00 Dp condenszer [bar]: 0.00
Dp suction line [bar]: 0.00 Dp liquid line [bar]: 0.00
Dp dizcharge line [bar]: 0.00 Dp suction line [bar]: 0.00
Isentloplc: efficiency [0-1]: 1.00 Dp dizcharge line [bar]: 0.0
lzentropic efficiency [0-1]: 1.00
=) [m] ) ecl 1 Dimenzioning:
1 Intermediate pressure [bar]: 375
Qe [kl Akag]: 1232.991 :
=l ok e [k]: ong Intermediate temperature [*C]: -3.56
Qe [k kgl 1276.996 Qe [KwW]: 0.000 L |
COF: 283 || miow [kass]:  |0.00000000
W low stage [k kgl 177.951 W low [m™3/R] (10,0000
! high stage [kl /kgl: 191743 | low [l 0.000 W olumetric efficiency
high)#(m lowe): 1.3001 EE e
::1 ighl#(m .o-sz] ; o e [l [0L000 e W
t zl; 5 i 3
Pressure ratﬁo ;Wh [ 2798 mehigh ke 0000000 Dizplacement [m™3/h]: 0
ressure ratio high [-: ; % high [m*~3/k]  [0.0000
- - e High stage: |0.00
W bigh [Kw}  [0.000 AR
@ lass kigh el Joooon Displacement [m™3/h]: 0
Coordinates of points... Erint LCopy I Update | Help

3
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90N 9 P, = 14.148 bar, P,= 0.9876 bar

Q

h

8

h,= 1647.809

=183.339

h,=1416.746 h,=1594.152 h,=1456.676
h=370.347 h,=370.347 h=183.339
m, = M = 0.1622k—g
hy — hg s
. . . . kg
my, =m, =m, =nyg =0.1622—
s
i, hy, —m-h
ity = My, —ly _ 0.2106k_g
hy — hy s
Q,=h —hg = 1,233.4ﬂ
kg
O, iw = 1,233.4k—J>< m, = 1,233.4k—J>< 0.1622k—g =200kW
’ kg kg s
Q.=hy—hs =1277.5 K
kg
Q. =12775 k—Jx m, =1,277.5 k—Jx 0.2106k—g =269.017 kW
’ kg ; kg s
COP 0 =~ e =29
my (h, —hy) +my(h, —hy)
COPpractical = 08 x COPideal = 232

4 Refrigeration utilities - [Log(p]-h dviagram: R717, NH3, Amrmia]

gl File Edit Draw View Format Options Window Help

Cycle info [Two stage, open intercooler]. Refrigerant: R717 P
Select cycle number: r '
Low stage: High stage:
2) Evaporating temperature [0 -33.84 Condensing temperature [YC] 3663
Superheat [K]: 0.00 Subcooling [K] 0.o0
['p evaporator [bar]: oo D'p condenser [bar]: oo
D'p suction line [bar]: 0.00 Dp liquid line [bar]: 0.00
Dp dizcharge line [bar]: 0.00 D'p suction line [bar]: 0.00
|zentropic efficiency [0-1): 1.00 Dp dizcharge line [bar: U uli]
Delete cycls . |zentropic efficiency [0-1]: 1.00 |
Calculated: 1 1 Dimensioning: T
X P Intermediate prezsure [barl: 374
Qe [kl kgl 1233.407 .
[ g De [k} 0.000 Intermediate temperature [7C]: -3.65
O [k kgl 1277462 | | ge pow]: 0.000 L |
|_coe: 230 | | ryjow [kgss]:  |0.00000000
W lowe stage [kl Akal: 177406 | | o gy [m™3/k] [0.0000 [
. T F
"W high stage [k)/kal: 19133 |y ow [kw]: 0.000 W olumetric efficiency
high)Am low): 12987 | |'Qloss Isw o
::r‘n igh)(rm 'DT] ool e [k/]: [0.000 P e W
b -l 2 Z X
Pressure ra;o :wh[[]] 2785 i [kosh oooonog Displacement [m”3/h]: 0
ressure ratio high [-]: . 4 bigh [m”3/h]: [0.0000
- - e High stage; |0.00 i
Wi bigh kW] |0.000 g8 |
1 lass ik kw1 [o.000 Displacement [m™3/h] 0 E
Coordinates of points... ‘ Print | LCopy I Update | Help ‘ |
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‘Qﬂﬁ 10 P, =14.048 bar, P, = 0.9876 bar
h, = 1416.746 h,=1593.604 h, =1456.573 h, = 1647.087
hy=369.157 h,=369.157 h,=182.92 h,=182.92
m, = 200kW = 0.1621k—g
hy — hg s
. . . . kg
my =n, =m; =nyg =0.1621—=
s
it,hy — 1t h
iy = T2l =Ml 510358
hy — hy s
Q,=h —hg = 1,233.8k—J
kg
O, w = 1,233.8k—J>< m, = 1,233.8k—J>< 0.1621k—g =200kW
' kg kg s
O, =h,—hs = 1,277.9k—J
kg
O.w = 1,277.9k—J>< my = 1,277.9k—J X O.2103k—g =268.73kW
' kg kg s
COP =~ G =291
m, (h, —hy) +m;(hy —hy)
COPpractical =0.8x COPideal =2.33

3

1

a
N

il Refrigeration utilities - [Log(p]-h duiagra me R717, NH3, Ammia]
gl File Edit Draw View Format Options Window Help

Ne gl L= F D& 2 |waaa @~ ||

Cycle info [Two stage, open intercooler]. Refrigerant: R717 Y
Select cycle numnber: r |
Low stage: High stage:
2 Evaporating temperature [YC] -33.84 Condensing temperature [*C] 3638
Superheat [K]: 0.00 Subcooling [K]: 0.0a
Dp evaporator [bar]: 0.00 D'p condenszer [bar]: 0.00
Dp suction line [bar]: 0.00 Dp liquid line [bar]: 0.00
Dp dizcharge line [bar]: 0.00 Dp suction line [bar]: 0.00
|zentropic efficiency [0-1]: 1.00 Dp discharge line [bar]: 0.00
. . |zentropic efficiency [0-1] 1.00 |
Calculated: 1 1 Dimenzioning: T
. [ — Intermediate pressure [bar]: 372
Qe [klfkal: 1233.826 . P
[ dl Qe [kWw] Go0n Intermadiate temperature [YC]: -3.78
Qe [kdkal: 1277.929 | | ge few]: n.000 L dl
[ coe: 288 [l lka/s]:  [0.00000000
W lowe stage [k)/kal: 176.858 | | v jgw w3k} [0.0000
! high stage [k)/kg] 190514 |y jow [kw], [0.000 Wolumetric efficiency
::l"nhlgh]a’[mt!ovlv]: ! 1322;3 0 lass Jaw [kw]: |0.000 e W
ressure ratio low -] . i ;
P fio hich [ 177 i high ko<l Pﬂmﬂ. Displacement [m™3/h]: 0
Iessti ool - W high [m™3/h]: |0.0000
- - e High stage: {0.00
W high[kw]  |0.000 i
- high w000 Dizplacement [m™ 3] 0
(]9 Coordinates of paints... ‘ Frrint I LCopy ‘ Update | Help ‘

.19 WamsmuIUNMIA1 COP, A28 11/51n51 CoolPack a1 9AN5H19TUA 10
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msfameamgiinlszihdmSusznannuiouiinsesniuniy

a %’ 9 v { 4 '
mssnamguugiilszihdmiuszueanuieuiniowniumiv aunson 1d lag

119 U= 6,500 W/m'°C,A=3.97m’

azlwamsmuiunigum

U

AN

Q. = UA(TD)
(T, -Te)- (T, - T))

In[(T, - T,) AT, - T})]

' ¥ v .
Mmsei a1 NﬁﬂﬁﬂTL!?ﬂl‘Vi'lQﬂl“ri‘{]iJH'l’l]i%’!hﬁ'l‘l’ii‘UiZ‘U'IEJﬂTliJ%I’EJUﬁLﬂ%ENﬂ’JULLHH
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Uszihdmsuszuieanudounmiseniuuuu ldaansnai 1.1

NNU Q, (kW) D T.(°C) T, (°C) T, (°C)

e} 271.55 - - - 27
1 271.27 12.77 38.6 24.8 26.8
2 271 12.76 38.3 24.55 26.55
3 270.71 12.75 38.1 2435 26.35
4 270.43 12.73 37.9 24.1 26.1
5 270.15 12.72 37.6 23.85 25.85
6 269.87 12.71 37.4 23.65 25.65
7 269.59 12.69 37.1 23.4 25.4
8 269.3 12.68 36.9 23.2 25.2
9 269.02 12.67 36.6 22.9 24.9
10 268.73 12.65 36.4 22.7 24.7
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o Y a A{ v Y J d' Y t-ﬂ'
ﬂﬁﬂ1147!%1!%1?11ﬂ’%»l‘iji%ﬁﬂﬁﬂ1iﬂ1ﬂ!ﬂﬂ31uiﬂuiﬁ3»1511’8)\1’(’)‘1.]ﬂim!!ﬁﬂ!ﬂﬂﬂuﬂ31uiﬂuﬂ

1l52nou01n SS316 Shell, SS316 Tube
A o Y
Wwomvuala
FURTURUENAINDAIUUDN = 0.025 m.

9 1 o 4
Lﬁuw1uﬂu&ﬂa1\ﬁ/]@ﬂ1u‘lu =0.0233 m.
2
Rf =0.0001 m" *°C/W
2
Rf =0.000lm <°C/W

k,.=058Wm +°C

water

kg = 14 W/m +°C

a )
M13197 2.1 ‘ll'ﬂll”aell'ﬂ\i”llf)\‘lllﬁa

volva T (°C) p (kg/m) L (kg/mes) Pr h (kg/s)
1inlszah 27 996.6 8.54x10" 5.852 0.8
HNdUN 10 999.7 1.307%10° 9.45 03

- y
nnsanved Imamedou (halszal)

m

Vm =—=1.88m/s
1 2
~pT D;
4
V._D:
Re=@= 51,202
1)
0.8 0.3
Nu=0.023xRe xPr =228.7
k
hy = —YAT Ny = 5694.1 W/m® +°C
D;
A < Y g 2
nsanved lvamedu (HUIUNI)
m
Vm =——=0.61 m/s
1 2
—pmD,,
4
V_ D
Re _PVmDo _ 11,690
1)

0.8 0.3
Nu=0.023xRe xPr =281.02
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k
h, =YL« Nu=1879.7 W/m’® «°C
DO

1 3 a Q( 1
Wﬂﬁﬂn‘ﬁTﬂTﬂll‘lJi%ﬁ’ﬂ‘ﬁﬂﬁﬂ%l!ﬂﬂ'ﬂu%j@uiim

1 Rf; D, /D; Rf
R= +—1+ln( 2 ‘)+ o4

hiA; A 2Tkl A, hyA,

=0.000838 °C/W

1
U= =982 W/m~ +°C
RxAg

o Y a A{ v Y J d' Y d'
ﬂﬁﬂ1143%1!%1?11ﬂ’%»l‘iji%ﬁﬂﬁﬂ1iﬂ1ﬂ!ﬂﬂ31uiﬂuiﬁNﬂl’t’)ﬂ@‘l.lﬂim!!ﬁﬂ!ﬂﬂﬂuﬂ31uiﬂuﬂ

1/52n9U21n PVC Shell, HDPE Tube
A o Y
Wwamvua
durugudnaanedIuLen = 0.025 m,

9 1 o 4
LﬁUW’luﬂuﬂﬂa’NV]@ﬂ'luﬁlu =0.0227 m.
2
Rf =0.0001m" *°C/W

2
Rf,=0.0001m" +°C/W

k. =0.58W/m *°C

water

k =0.45 W/m *°C

HDPE

Y
nsanved mamedou (halsza)

1
Vm = =1.98 m/s
1 2
;P’T D;
V_D
Re PVimDi _ 52,555
u
08 _ 03
Nu=0.023xRe xPr =233.6
k
hy = —YALT . Ny = 5967.8 W/m® +°C
D;
A < 3 g 2
Wmimwm"lwammﬂu (LHLEI‘LWN)
1
Vrrl =—=0.61 m/s
1 2
*ano
4
V. D
Re _P¥mDo _ 11,726



0.8 0.3
Nu=0.023xRe xPr =281.22

k
0

h = Water , \n = 1884.4 W/m® +°C

D

(o)

4
W‘"lﬂiilﬂ‘?ﬂﬂﬁ’m'ﬂi%ﬁ‘ﬂﬁﬂﬁﬂWﬂMﬂ’ﬂN%ﬂMi’JN

1 Rf

R = +—=+1In

U

D./D: Rf 1
(Do 1)+ o4 =0.0255 °C/W

2Tkl A, hyA,

=290 W/m’~ +°C
R*Ag
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A P = 9
wnsamvaveeglnsaiuanasunnuseun

Q= rilccp (Tc,out “Tein )= rthp (Th,in 'Th,out)
AT =Ty -T

AT2 = Th,out T

c, out

c,in
Ar, - AT, - AT,
A=

UAT,,

101

pansAuIumInIvuIaglnsalnan/asunnuiouiitlsznouain SS316 Shell, SS316 Tube

9 [ ~
Tanasansnen a.1

M3197 2.1 vuavesglnsaitanlasunnudouiilsznousin SS316 Shell, SS316 Tube 1 99

MIUAE
WU | Thi(°C) | Tho (°C) | Te,i(°C) | Teo(°C) | QW) | ATy, | A@m)
1 27 27 10 10.53 0.6688 16.6 0.04
2 27 26.8 10 11.19 1.5048 16.18 0.09
3 27 26.55 10 11.73 2.1736 15.86 0.14
4 27 2635 10 12.39 3.0096 15.47 0.20
5 27 26.1 10 13.06 3.8456 15.07 0.26
6 27 25.85 10 13.72 4.6816 14.68 0.32
7 27 25.65 10 14.26 5.3504 14.36 0.38
8 27 25.4 10 14.79 6.0192 14.04 0.44
9 27 25.2 10 15.45 6.8552 13.67 0.51
10 27 24.9 10 16.12 7.6912 13.28 0.59
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pamsmuIamavuInglnsainanasuniuiouilszneuain PVC Shell, HDPE Tube

9 [ ~
Tanaaansen 2.2

a ¢ = ¥y A
M1T19N N.2 Gllu'lﬂéllf)\‘]@.ﬂﬂimllﬁﬂlﬂﬁEluﬂ':l’lilif)uﬂﬂﬁgﬂﬂ‘ﬂﬂ']ﬂ PVC Shell, HDPE Tube ™ 0

MIUAE
WU | Thi(°C) | Tho (°C) | Te,i(°C) | Teo(°C) | QW) | ATy, | A@m)
1 27 27 10 10.53 0.6688 16.6 0.14
2 27 26.8 10 11.19 15048 16.18 0.32
3 27 26.55 10 11.73 2.1736 15.86 0.47
4 27 26.35 10 12.39 3.0096 15.47 0.67
5 27 26.1 10 13.06 | 3.8456 15.07 0.88
6 27 25.85 10 1372 | 4.6816 14.68 1.09
7 27 25.65 10 1426 | 53504 14.36 1.28
8 27 25.4 10 14.79 6.0192 14.04 1.48
9 27 252 10 15.45 6.8552 13.67 178
10 27 24.9 10 16.12 7.6912 13.28 2.00
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A A 9 o A 9 A ' A
nyaaenlyginsainani/asuniuieunisznouain SS316 Shell, SS316 Tube LUINITNIITHN

< A A a o3 3 g & A A = s <
pomilu 2 n3dl A nstii 1 Tsanudigunsainuindui nagnsaii 2 Tsenu hiligUnsaliny

3 g £ @ A Yo A
wduine agdralsyndauazszoznaiunu lddinised ¥.1

a o A A qu @ a y A
13190 ¥.1 Waﬂizwﬂmazizaznmﬂunu LiJE]GlGISQ‘IJﬂiﬂlLLaﬂLﬂaﬂuﬂﬁTNi@uﬂﬂigﬂ@U%Tﬂ

S$S316 Shell, SS316 Tube M YATINIUAI

DERIRNAT walsznda mldsofiszndaldqns szaznaunu ()
(kW) WAl
N3 1 N3 2 N3 1 N3 2

1 0.40 -23,984.79 -9,367.40 - -
2 0.40 -24,765.09 -9,757.55 - -
3 0.79 -18,422.14 -6,586.07 - -
4 1.18 -12,141.94 -3,445.97 - -
5 1.57 -5,923.68 -336.84 - -
6 1.95 233.46 2,741.73 4327 24.1
7 233 6,709.25 5,979.62 15.4 11.5
8 2.71 13,147.85 9,198.92 8.1 7.7
9 3.08 19,126.35 12,188.17 5.8 6.3
10 3.45 25,437.13 15,343.57 4.5 5.2

nsdidenldgilnssinannldouniuieounasynouain PVC Shell, HDPE Tube HU4m5H1T811

I S A P = J 3 ¥ < 2 A 12 s 3
N 2 NS A NTUN 1 Ii\‘]ﬂi&ﬂ@ﬂﬂiﬂllﬂﬂuﬂﬁluﬂ\‘] UagnNIUnN 2 Ii\i\‘ﬂulliﬁ\l@.‘l]ﬂimlﬂ‘ﬂ

%} <3 Qy [ = Y v ~
HUIUNN ﬁ?ﬂﬂﬁﬂﬁgﬂﬁlﬂllagigﬁlgnﬁTﬂunullﬂﬂ\‘MTTNﬂ 9.2




105

a o A A qu @ 4 y A
M9 ¥.2 waﬂizwﬂmmziwxnmﬂunu LiJfJGlGISQ‘IJﬂiﬂlLLaﬂLﬂaﬂuﬂﬁTNi@uﬂﬂigﬂ@U%Tﬂ

PVC Shell, HDPE Tube @ 9A%11971161139)

DERIRNAT walsznda mlFsoiiszndaldqns szoznaunu ()
(kW) (L)
N3 1 N3 2 N3 1 N3 2

1 0.40 -19,641.54 -7,195.77 - -
2 0.40 -19,660.29 -7,205.15 - -
3 0.79 -12,553.99 -3,651.99 - -
4 1.18 -5,781.34 -265.67 - -
5 1.57 1,194.57 3,222.29 40.49 4.15
6 1.95 8,109.21 6,679.61 5.98 2.02
7 233 13,654.33 9,452.16 42 2.4
8 271 20,450.90 12,850.45 2.81 1.75
9 3.08 27,177.30 16,213.65 2.13 1.40
10 3.45 33,853.78 19,551.89 1.71 1.17
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—d > d
F ="

INTERGROUP (1999)

www.AirPumpCenter.com

ky

PPY INTERGROUP (1999) Co., Ltd.:

117 puupumisauasa 11ty watayuisu nammna 10150

107

1‘”L'ﬂ%ai'\ﬂ'\
QUOTATION

117 ANAMAINGAM-CHAROEN RD., THAKARM, BANGKHUNTIEN, BANGKOK 10150

Tnsfmi (Tel.) 02-415-7828-9 Tnsans (Fax.) 02-415-8411 Email : sales@airpumpcenter.com

1381 / Attention

U3HN / Company : uMInaoma luladwizeeumnd1suys

: NUNUNITIV 1EDTAY TAU ; kanokwan.sand@gmai i/ No. -

Tuii/ Date :

MyuAtUTINY Validity :

fiog / Address 126 DUUT2NQAA HUIILINA YATHAT NN, 101 319D/ Ref :
Ins./ Tel. : uilndj / Fax :
nMavsEnaBuaaue

‘We are pleased to submit our quotation for your kind consideration as follows :

WD/ Salesman :

1G13048015

8 LB 2556

Price Quotation

15 days

A 1961 (089-892-7642)

5
1 adananlisudidada s Auudadiaiia

2) Aumualsznniadamaiag lsudld

3) Audrulsziu 1 Ywened 618ou MHaulunnzlng

mssvlsziuhismszun Wi vazdosssuana

w o

Wt o g o
Atigueasuiu niouliznuai

UN (Date) ......... Ssai Lo

i ERNLHIGIE) Description oy o e e
Item. QUANTITY| WMWUNIT | prgooyNT |AMOUNT (Bah)
1 Self-Priming Pumps 'EBARA' Model JESX-5 1 Set 8,800.00] 35% 5,720.00
Motor : 0.5 HP (0.37kW) 380V, 2Pole, IP54, 50 Hz
Spec : Capacity 0.3-2.7m3/hr x 28 - 11.5 M.TDH
Inletx Outlet: 1" x 1" , Max.Temp : 60'C
2 Self-Priming Pumps 'EBARA' Model JESX-6 1 Set 8,900.00] 35% 5,785.00
Motor : 0.6 HP (0.44W) 380V, 2Pole, IP54, 50 Hz
Spec : Capacity 0.3 -2.7m3/hr x 31.5-13.5 M.TDH
Inlet x Outlet: 1" x 1" , Max.Temp : 60'C
3 Self-Priming Pumps 'EBARA' Model JESX-8 1 Set 9,100.00] 35% 5,915.00
Motor : 0.8 HP (0.6kW) 380V, 2Pole, IP54, 50 Hz
Spec : Capacity 0.3 -2.7m3/hr x 37 - 16 M.TDH
Inlet x Outlet: 1" x 1" , Max.Temp : 60'C
sk L‘Tﬂﬂﬁuﬁ1nﬂﬂ§dﬁﬁ)uf’%ﬂ§ﬂ Please re-confirm the stock before making an order. ***
MHUABISZIAM / Term of Payment :  13UHA / Cash 32 iuiT1/ TOTAL (Baht) 17.420.00
S2ZIMIMTASEUA / Delivery time 1 7-10 days after received the official order form, except it is run o mﬁgaﬁnﬁ'u / VAT 7% 1,219.40
HHITS) / Remark : am‘]ﬁﬁ"@a’%ﬂﬂ1n11ﬂn1i!!a: ﬁlau"lmﬁi:u ‘i’m%ﬂﬁvu /NET TOTAL (Bahy  18,639.40

PPY Intergroup(1999) Company Limited

>
i

o

AN3 (Manager)
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PUMPS AND WATER SYSTEM ACCESSORIES

Self-Priming Pump in AISI 304
> indangudsinnesldonuudad dosdney (set-priming) i$eulvannuias gEm

JESX-JEX series

mislivaulwuriall (APPLICATIONS)

furdougudwougaMARE0o0 (Sed-Priming) suissdaaaioll

feannsUSuluunaw awrsnaullidgd & was Souluudranameas

Daurwednneingn wuedmsu

» pugminiunsoAunshsiing /s [Domestic pressure bossting)

o ruguiluaomsiaunSoaulin (Garden, vegetable garden)

» TILSEUUAUS AR SINGIAN (Small irrigatian}

» wrwd sl (Gar wash). iaziu

dayadiire (SPECIFICATION)

« Wrviedl (Dischargs Siza)....... .1 [ {Inch}

«» INmidUaeas (Power Outpot Range) .. 05-1.10 fila st ]

» USRI {Capaciiy) 054 5 gnunArivesale (m'hr

o Aochldgn (Head)....... ... .. 11.5-56.0 was (m)

Jam (MATERIALS)

« Eaull (Casing) WARI N Stainkess Sieel (AIS) 3044

o T (impelier) WARDIN Stainless Sioel (AISE 304) ©uegu JEX,
dwdulubiagu JESX WERDWY Technopolymer

= a0 (Shatt) WHRAN Stalnkess Steal (AKS| 303)

« BarilSy (Shaft Seal) (Uu Mechanical Seal  w@RI CeramicCarbanNER

deyamumnadn (TECHNICAL DATA)

o AUARISOU, TN e 2000 £ pm. . 50 D8N (HZ)

« usudLlilil {valt) £ wld (Fhase). 220240 T
ua: 360-415 Dadi /1 ua: 3 mlg

o scfuaUoulEln (Insulation Class)...... ..o F

» dfiwnstooiuuiay (Dagrees of Protection)......... PS4

= sUulkiismas (Maotor Profection]. ... OssUUTEA LRSS SaLIRLITA
nsaluin (Autoratic Thermal Overload Protection) 10nresunsodulEil
220-240 Do 1 mla iy =

* as0ALENERRLT0a (Max Woeking Pressure) ... ... bar == -

« oo U e (Max L Temperature) . 45 armaibog =
dwduliounialuiing i AUIASTIL EN B0335-2-41 Ua: &
B0 auAwsaled Awduldowadwdu 7 (UsagoununiousEn)

» AWNSNABUNUS BEEoRAW 1 WuRUTERSEN =

PERFORMANGE GURVE 2900 rpm 50 He

§ =ty - L] P -
J_teaam

b
b

3z

-i.i
T

I

e

| [T

PERFORMANCE TABLE “KT Code = EDG1-XXXX

: | ] Capacity (0) = USuowdh
Madel _Ulﬁnualms: Capacilor i) .l.l'InIn- 5 [20 30 40 |45 50 |60 [ 70|75 | 51.m

1 wa 3 nsodh [Baf 0.3 12 18|24 27 3 36|42 45| 1wa | 3wa
220 Taad | 380 Faa W g | HF |y | @R xd0 L] Head = sieedogo (wms) 220 Taad | 380 Toas
JESXM 5 | JESXS 037 05 | 10 | 450 1 %1 2 [ea (2015 [115] - [ - [ -1 - [ 670 | -
JESXM 6 | JESX 6 044 D6 | 10 | 450 151 | |316) 26 | 22 | 17 [13§] | | | | 6a00- | -
JESXM B | JESX8 |06 08 | 125|450 121 [s7 |5 (2 16| -] -]-]-1 - | -
JEXM B0 | JEX 80 06 0B | 16 450 | 1 'mxt | 39 |33 | 29 265 o5 236|205 18 | - | - | -«
JEXM 100 | JEX 100 D75 10 | 20 | 450 1fex1 43 [ 37 |s35] 30 |28 [ 27 [2a (21 | - | ago0-| -
JEXM 120 | JEX 120 088 12 | 20 |450 | 1 'ax1 |  |475| 41 | a7 | 34 | a2 | 305 275|245 - | - | -
JEXM 150 | JEX 150 11, 15 315|450 1 lax i 56 | 4D | 445 405|385 37 | 34 | 51 | 205 |14.200- | -

DIMENSIONAL TABLE

— ) . ) . Dimensions (mm) : ) Waight
| & ¢ H3 Ha Mm | m N W R T W Kg

Single-phase | Three-phase | , ! . | |
JEXM B0 | JEXBOD | 417 230 | 206 | 215 | s0 | 38 120 | 180 206 | PG11 | 143 | 103
JEXM 100 | JEX 10D | 417 230 206 215 50 | 38 120 | 160 206 | PG11 | 143 | 108
JEXM 120 | JEX 120 | 417 | 2aD | 206 | 215 | &0 | 38 | 120 | 160 | 206 | PG11 | 143 115
JEXM 150 | JEX 150 | 445 | 250 | 216 | 240 | 55 | 40 | 140 | 180 | 2085 | PGIA5 | 1455 | 14

Ad' 9 o A ¥
51 .1 Foyasumzveuniosguin
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