’i) Check for updates

SHA|AH IS K| H|28R H|6F pp. 79-87 202414 122 ISSN 2713-8429(Print) ISSN 2713-8437(Online)
Journal of Power System Engineering https://doi.org/10,9726/kspse 2024 286,079
Vol, 28, No, 6, pp. 79-87, December 2024

S22 EXPUM HiET Ol WA - Mol MeX|
X AEES I3t MsHim
Performance Comparison of Refrigeration and Ice Making with
OTEC Discharge for Equatorial Application

S - X|E* T

Jung—Hyun Moon* and Ho Ji* T
(Received 04 December 2024, Revision received 18 December 2024, Accepted 19 December 2024)

28 AEole] dF WF ¥ 7lL0] 0T oA, HEE 60% o4l LethaT /e Y
azk oA EAskE, 2A0 Y 5 olF7h 4A Hulstel WAk Al 48 B3 oy wte
Feful] ulg % M| REo BE $0% WESY] ojele Aotk oldT £4 AL 94,
SRR WESE AE WA, AW o] 8mE $H7lelA oF 10%2] YulE BAs
Folis AEFe A48 WAA A2 ANtk Yol sjemape] A5 4Rl R32
ot 6% Yool el B AtolZolA S W Aol dE B AfolF A% wmetgch WA
G 40 RT(140 kW), AW§TL 20 RTT0 kW) Robtme] dhste] 4325 H2el 110S 4
A WA AAASE 7752 RTI70] 7P B Uebdow] AW AAASE 2342 R4I0AT 7P 4
A Uehdeh B8 S AaE 11T 93 A8 71EAjel 20 nmstgon ¢

Jn

jul
Gl
Hir oo oot o Qb 2 Ay

=3

ZIRE s sieddd, 3 A, Ak, 6§

rfo

S E

o

Abstract : Due to the hot and humid climate in equatorial regions, where the average daytime temperature is
over 30C and humidity is over 60% throughout the year, the demand for air conditioning is always
present. The demand for refrigeration and ice-making is also high due to the easy spoilage of fish and other
staple foods, but it is difficult to satisfy the high demand due to the high cost of electric energy and lack
of facilities. To solve this problem, an intercooled refrigeration and ice-making cycle that improves
efficiency by branching out about 10% of refrigerant from the condenser to use the discharge water from
the ocean thermal energy conversion for food refrigeration and ice-making was proposed. The combined
cycle performance of refrigeration and ice-making in the same cycle was compared for six refrigerants,
including R32, which is the working fluid of ocean thermal energy conversion. For a load of 40 RT (=140
kW) for refrigeration and 20 RT (=70 kW) for ice-making, the refrigeration COP of R717 was the highest
at 7.75 and the ice-making COP of R410A was the highest at 2.34 when applying deep water discharge
water of 11°C. The results were compared with the basic cycle of 11°C and 30°C heat sink, and the annual
electricity cost was estimated.
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Fig. 1 Map of Tarawa, Kiribati

Fig. 2 Schematic of refrigeration-ice making cycle
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Table 1 Analysis condition of refrigeration cycle

Value

R32, R134A, R152A,
R410A, R600A, R717

11
4

Parameter Unit

Refrigerant

T
T

Heat sink temperature

Evaporation temperature

By-pass mass flow

ratio to intercooler 8

%

Cooling capacity 140 kW

Table 2 Analysis condition of ice making cycle

Value

R32, R134A, R152A,
R410A, R600A, R717

11
-35

Parameter Unit

Refrigerant

C
T

Heat sink temperature

Evaporation temperature

By-pass mass flow

ratio to intercooler 8

%

70 kW

Coling capacity
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Table 3 Performance of complex cycle with

intercooler (R32)

Parameter Value | Unit
Refrigerant R32 -
Heat sink temperature 11 T
Refrigeration capacity 140 kW
Refrigeration compressor work 19.00 | kW
Refrigeration refrigerant mass flow | 0.45 | kg/s
Refrigeration COP 7.37 -
Ice making capacity 70 kW
Ice making compressor work 28.77 | kW
Ice making refrigerant mass flow 0.24 | kg/s
Ccop 2.30 -
Intercooler compressor work 1.71 kW
Total COP 4.25 -

Table 4 Performance of complex cycle with
intercooler (R134a)

Parameter Value | Unit
Refrigerant R134a| -
Heat sink temperature 11 (¢
Refrigeration capacity 140 kW
Refrigeration compressor work 19.12 | kW
Refrigeration refrigerant mass flow | 0.76 | kg/s
Refrigeration COP 7.33 -
Ice making capacity 70 kW
Ice making compressor work 29.57 | kW
Ice making refrigerant mass flow 043 | kg/s
Ccop 2.29 -
Intercooler compressor work 1.23 kW
Total COP 4.22 -
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OZi
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N
ok

& =X £t r EI COPE 74]4‘_]—’8]—?& ), intercooler (R600a)
RIS2AZ} 197t Aol Al 242 93t Ae& U Parameter Value | Unit
B3} C 308 71 o XLo :
ji‘j S COP 4308 71 %5 s He Refrigerant R600a| -
T Heat sink temperature 11 T
Table 5 Performance of complex cycle with Refrigeration capacity 140 kW
Refrigeration compressor work 19.82 | kW

intercooler (R152a)

Parameter Value | Unit Refrigeration refrigerant mass flow | 0.43 | kg/s
Refrigerant R134al - Refrigeration COP 7.07 -
Heat sink temperature 11 T Ice making capacity 70 kW
Refrigeration capacity 140 kW Ice making compressor work 31.14 | kW
Refrigeration compressor work 18.3 kW Ice making refrigerant mass flow 0.25 | kg/s
Refrigeration refrigerant mass flow | 0.48 | kg/s COP 2.15 -
Refrigeration COP 7.65 ~ Intercooler compressor work 1.45 kW
Ice making capacity 70 kW Total COP 401 i
Ice making compressor work 29 kW
Ice making refrigerant mass flow 0.27 | kg/s
cop 23 _ Table 8 Performance of complex cycle with
Intercooler compressor work 1.54 kW intercooler (R717)
Total COP 43 _ Parameter Value | Unit
Refrigerant R717 -
Table 6 Performance of complex cycle with Heat sink temperature 11 C
intercooler (R410a) Refrigeration capacity 140 kW
Parameter Value | Unit Refrigeration compressor work 18.06 | kW
Refrigerant R410a| - Refrigeration refrigerant mass flow | 0.11 | kg/s
Heat sink temperature 11 T Refrigeration COP 7.75 -
Refrigeration capacity 140 kW Ice making capacity 70 KW
Refrigeration compressor work 19.04 | kW Tee making compressor work 2903 | kw
Refrigeration refrigerant mass flow | 0.67 | kg/s Jee making refrigerant mass flow 006 | kes
Refrigeration COP 7.36 -
cor 22 -
Ice making capacity 70 kW
Ice making compressor work 29.02 | kW Intercooler compressor work 3 kw
Ice making refrigerant mass flow 037 | keg/s Total COP 42 i}
cop 2.34 -
Intercooler compressor work 1.05 | kW Fig. 5= 254 &% COP, Fig. 61} 72 7
Total COP 428 | - ZF 3 AW COPE e AlH
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Table 9 Performance comparison with basic cycle and complex cycle(Refrigeration)
R32 R134a R152a R410a R600a R717
Mass flow Basic cycle 0.49 0.83 0.52 0.73 0.47 0.12
rate (kg/s) Complex cycle 0.45 0.76 0.48 0.67 0.43 0.11
Compressor Basic cycle 20.75 21.00 19.97 20.77 21.70 19.72
work( kW) Complex cycle 19.00 19.12 183 19.04 19.82 18.06
Basic cycle 6.77 6.70 7.01 6.74 6.45 7.13
COP(-) Complex cycle 7.37 7.33 7.65 7.36 7.065 7.75
Improvement(%) 8.86 9.40 9.13 9.20 9.53 8.70
Table 10 Performance comparison with basic cycle and complex cycle (Ice-making)
R32 R134a R152a R410a R600a R717
Mass flow Basic cycle 0.28 0.48 0.29 0.40 0.28 0.06
rate (kg/s) Complex cycle 0.24 0.43 0.27 0.37 0.25 0.06
Compressor Basic cycle 38.64 32.68 31.88 31.85 34.73 31.62
work( kW) Complex cycle 30.48 30.80 30.54 30.07 32.59 32.03
Basic cycle 2.23 2.15 2.20 2.20 2.02 222
COP(-) Complex cycle 2.30 2.29 2.30 2.34 2.15 222
Improvement(%) 3.14 6.51 4.55 6.36 6.44 0.00
SHAARZERX| H283 Moz, 2024'F 128 85
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