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Performance analysis of a cooling system with refrigerant
in a marine absorption refrigerator
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Abstract: Recently in order to protect the ocean environment and to reduce energy consumption, shipbuilders have been devel-
oping highly economized ships. This research analyzed the possibility of adopting the onshore absorption refrigerator to offshore
ships having a cooling system with refrigerant by using the waiste heat of the engine jacket cooling water instead of com-
pression refrigerators. The results showed that R236fa could be a suitable medium for absorbing the heat of the absorber and
condenser in an absorption refrigerator. The cooling system using R236fa achieved a high COP of 0.798, which is 15% and
5% higher than an air cooling system with a cooling tower and a water cooling system with a heat exchanger, respectively.
The cooling system with R236fa achieved high efficiency with a 25% reduction in flow rate of LiBr solution and only 15.7%
flow rate of cooling medium as compared to the water cooling system. The heating of sea water by the engine jacket water
flowing out from the generator can prevent the crystallization of LiBr solution due to the low temperature of sea water.

Keywords: Marine absorption refrigerator, Engine jacket water, Cooling water, Refrigerant, COP, LiBr crystallization

1. A & A gy ko] WEER AlARS 7|95 WU
2 ZAASE AMulo] $dy= oot 3749 AT 717} AFEE AL Qo) o= Auke]l AR E A|ste] AAE
BES SISl AP WAS Akl A sl Fq AR NS Tesel 4D sl Has ol
s gk w2do] ¥ R4Y SbES FHoR dam U AR DN AR W] e E ue AT 4
=< At dss dAle A T tiAlel INGE 2 73 9¥ 2ske] fd]lo] Hal ik dwkHom v
elslo] a7 o] FAe] oFAl L 9l o, IMOS 20134 E] of 7] A7 A A7) 5~15%7F vl E AL gk
VB FF AR HublE @AnAg qAg = Tk ATIE EE gEdes dHe A8e] K
Qlate] QHLES Ux] B3 ke 2 QuE 33 9 e HALdYdS AREstel F4 88 7](Absorption  re-
th = Mulddzmeo] FAAdmael MBI w ofg}, AHur frigerator, AR)S T538lo] AUxEer 2 Cco, S A7
o35} = anjals ouxe] A7k wElE ¢ 7E T Qo) ShaLab sk o] o] Fojx|aL SIuHi][2].

T Corresponding Author (ORCID: http://orcid.org/0000-0001-5533-3986): Division of Mechanical and Energy Systems Engineering, Korea
Maritime and Ocean University, 727, Taejong-ro, Yeongdo-gu, Busan 49112, Korea, E-mail: skyun@kmou.ackr, Tel: 051-410-4363

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © The Korean Society of Marine Engineering



W & 5 A B Bolth 3 A F2 sl e Euky
o WHE AMEEHA @v Sz o

G ufitol] Mkl AR 2
SAIE L o), ofF o]o] BFE v
s/ldo] Hask Zo= HRITH3|[4].
ghel #-8-317] 918 el AT

=
=
o FuIsk T4 el BE FRE Fuahe

tlo
2
oo
ol
rir
e
r
Y
ol
L
as)
>~
>
=2
>

A7) Hdol§ 53 5 3 AL ek,

54 WEIE Aol 283 Alstel Aol S4o
U= e V1% Jle] Bashl Ak A 23
A= §olo] wole] RN 5 A} glol
Tise] wAHE FVI} TSl AR TE ERS) F
W7)9] Wzl Wzt Az R So] Bashl Atk &
A WEYle) WA AsEe F47)0 59 57
3] 59 Frete] WARA] F710 skl Wae
o Aol YRS 88 A%, WA sk A4 B
sjo] Amakshl Hm @ie] ogiuo] AEl Wt
of ) zol, 43} FASANAG el 4714 F4,
HuAge] A% 7] Lwel JHoR Aol A, 59 5
o Sg WZIR] H SO e BASe] WA Uk

B ATINE S48 R4 YIS Aol H85]
slste] Wad ke 7% A F WS Az A
A7 SRt BA WAL AL SR AH F4]

7]
. A <
9} 35719 IFol EFAIA ES Fgh F HEse Al
2®Hlo g o] FgR RIg FA 7 ~AY 5 A7} of]

= o] dth3]. & AgelME Whe ©

o= FTE 5719
SH7E A dE FUT F g dud]olA g
2 iZshs WA, Wb wiA ]l E il Wzhg W
RSt S ARk WA RS aijtete] A8 7Hs A
= WAsIGIH o= A7Igh Wzhee] o9 EAleh nlat &
A & AT 5 lon, Wz wjA ] sErRe]l st
A S I B Ak A7 dhow 2ol At
A AAG=e] L7 vk A elar AAERke] Aok 55
ued w Aulels= 2% &8 7|7|RY 15 589 92T}
A9 Aojmw o]e] H§ 7hsAdo] tiste] A1sk3lth
ATl Wz Alale] dafAe] dad WY o
o5t 4] 72 A8 T2 9] Refprop 9.0 AHE3SFATH

o
oo
e glo

o] 257} 55%°] LiBr &< 7tdate] 75715 DA

2 2 257 At da
712 "k o] w S 57 Wule $F7]d
g Eo] 35T W2hepol oJste] E2 F5Hth dust
el A= A2 719] LiBr s8] F471004 AA72 2
= B2 LiBr 89< 60CE 7Fgsla, 2212 80ColA 4
5C2 Hof F7]d FHEth $F7]dA 549 5 &
7)ol A 4T FakslaA 12T B8 7C Yz e
th SN S e F7] ellA] AetE
£ LiBrs-& 9ol &5 0] H& LiBrygdie] Ho] A7
Hozys WZgA trle}

tlob ot Y

N

O~

7) S
AR5 dugkste] JZ4E 32T I447F S7719 &
TS YAAZIHEA 36T7F Hal SF7]NA #5718 &
ZA7|HA] 38CE Z*

¢

(a) Generator, (b) Condenser, (c) Absorber, (d) Evaporator,
(e) LiBr solution heat exchanger, (f) Cooling tower
Figure 1: System components of absorption heat pump
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Figure 2: Marine absorption heat pump cooled with cooling tower

Table 1: System conditions of Figure 2

No. 1| 2 | 3 4 5
. Engine jacket Aux. LiBr
Material hot water boiler | solution
T(C) 90 98 88 : 61
P(kPa) : : : : 8.5
Flow .
rate(kg/s) 0.141 0.042
LiBr(%) : | 605 | 584 58.4
Heat(kW) : 5.826 4.715 .

6 7 [ 8 [ 9 ] 10 11 12
Water LiBr solution Water
vapor

85 85 | 60 | 36 [ 36 42 4
8.21 8.21 0.81 | 8.5 8.21 0.81
0.00146 0.04054 0.042 0.00146

60.5 | 60.5 | 584 | 584 : :
: -5.631 :

13 14 15 16 17 | 18
Water :
vapor Cooling water Cold water

4 32 35.6 38 12 7

0.00146 0.3709 0.166
-3.671(Condenser) 3.476
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Figure 3: Marine absorption heat pump system cooled by
sea water
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Table 2: System conditions of Figure 3

No. 1] 2 3 4 | 5 | 6

Material Engine hot Water LiBr solution
water vapor

T(C) | 90 80 75 75 | 47 [ 29
P(kPar) 5.62 5.62

Flow
rate(Rg/s) 0.1185 0.0016 0.0164 0.018
LiBr(%) | - [ - : 59.3% 54%
Heat(W) 4.9546 : ] -4.743

7 | 8 9 10 11 12
LiBr solution Water %%tgrr Cvgg{ier;g
29 54 35 4 4 25
8.5 8.5 5.62 0.81 .

0.018 0.0016 0.3482
54.0% : : .
‘ .

13 | 14 15 16 17 18
Cooling water Sea water Cold water
28.5 31 20 26 12 7

0.3482 0.3482 0.1808
-3.9904 8.7334 3.7788
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Table 3: System conditions of Figure 3 with R236fa as
cooling medium

No. 1 2 3 4 | 5 [ 6
Material |Engine hot water Water LiBr solution
vapor
T(C) | 90 80 | 75 | 75 | 42 | 29
P(kPar) 5.62 5.62
Flow
rate(kgs) 0.1174 0.001136 0.013
LiBr(%) | - | 61.8% 54%
Heat(W) 4.9055 -4.6953
7 | 8 9 10 11 12
LiBr solution Water Water R236fa
vapor
29 54 35 4 4 25
8.5 8.5 5.62 0.81 2.7
0.013 0.00164 0.05497
54.0% : ~
[
13 | 14 15 16 17 18
R236fa Sea water Cold water
25 25 20 26 12 7
2.7 2.7
0.05497 0.2109 0.187
-4.1214 8.8167 39114
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