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A Study on the Heat Pump System utilizing Seawater
Temperature-Difference Thermal Energy

Kyung-Jung Lee, Kwang-Hyun Bang

Abstract

This paper reports the estimated seawater temperature-difference thermal energy
reserves in major seaside cities in Korea and the results of an experimental heat pump
operation utilizing seawater ~thermal energy. The method of estimating the reserves is
based on the available effective seawater flow and the thermal energy corresponding to
1C of seawater temperature change considering the environmental impact. An
experimental heat pump system is also designed and operated to evaluate the performance
of the heat pump system utilizing ocean thermal energy. The heat pump system, rated at
3 hp, is a vapor-compression, water-cooled type. The demonstration tests of both heating
cycle and cooling cycle were successful, showing heating rate of 7970 kcal/h, COP 3.8
and cooling rate of 5,730 kcal/h, COP 3.6.
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Table 1. Monthly-averaged Seawater Temperatures

712k Wiz 4E 7 2= (C) Wi AE T sl (C)
A9 6¢ 79 8¢ 94 129 19 24 34
g A 19.4 23.2 25.4 23.4 76 4.0 2.8 5.0
o 17.9 20.7 23.9 229 13.0 11.3 11.2 12.0
< A 16.7 17.6 21.0 2.3 147 129 122 123
AR 168 20.4 22.8 217 10.6 8.4 7.1 75
F A 22.2 25.1 25.6 26.2 6.0 2.8 35 6.8
2 ¥ 20.1 234 25.3 235 9.4 6.2 5.2 6.9
A E 189 22.8 25.7 246 17.7 159 15.1 157

TEMPERATURE. C
Temperature (T)
®

P
K
H
H

1 2 3 4 5

6 7 8 9 o 112 o . -
MONTH 16 o 2 7

Fig. 1. Monthly-averaged Temperatures of Fig. 2. Typical Change of Seawater Surface
Sea Surface and Ambient Air in Temperature during a Day
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Table 2. Effective Seashore Length and Average
Seawater Depth

fFEAMA |1 km H| s DA
=] o MZo| |HdF4] L i
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ddBdA | 237 10 487
(9F= )| 664 4
B ARG A 38.7 20 488
7eax 23 23.2 5
34.8 20
Q- Al od
=" —1}‘] 10.7 7 410
3 EA 14.0 20 136
TARA 41.1 5 199
28.2 18
HFEA 93 3 301 Fig. 3. The Effective Coast-line in Pusan
MAEA 24.9 10 242

oleig ARE ol feted 4EE TN EAINY A Folux] $EFE Table 291 sk,
183} BAto] 488 Teal/U2 Aol owl, A4 Uy AY F 25 EAL HRHE o} 3
k4 Zol7k 7] Wl 136 Teal/d2 744 AHch Rabel Rze de sied AAZA 77
wAe) 107he] ok Aol v 93 FFol AFete FRolth

[¢}

3. Y 4=

dd dFZFA 2L 19703 o] Fol AAHCcR BAAS ZHA HAow ALt =2Hol
ALge] o3 ok BFHe 244, x240], RIF= FolM e AFHoz ¢ Agojojx F
£ &0l 1 MW o]43<e ¥H=Z ZAEQ] o
30% FE7F 4 dHZoln, 2ol AFE Yo 9 15 kel Edte AHY &
vl j+EY dEZE AMRsta Y3, A28 COP7E 32 =9 £ ARE Bt dEdA

fru
N,
18
a9
o
oo
o
fru
>,
ofo
i
3
pacA
41
Z
;
_>.:

19 —



a5 exat AouA g o] 8¢ FHZ AJ2F] AT

e Gy g A48 £ Ae A5G GHZ Ade] 70duiFE FLI DY o
gitt vhd Fo e slsdd FFZ9 ol &AtdlE A9 sith

B dTME 5 29E ol 8dte AP L AHIE HA, AR AP G EHT
Alzdle Yo R-228 AHEstE 3] E2e2 A

3.1 gEz= dA

A5 AP gt IWZ oS Hie] 8 AdE UIE AASNKS Azde
o] g gouA|Q 5 FEe olgste A FANZ, vt BHo] Tomd 4FLE I2Y F e
8o A2 FAHUT. BEY FY4 gHZ o] ol A9 dudrl HAAN AT #
Fo] 593 mEHATE Holth Y Alo]F AA A, ¥ AlelZdle 7P R dF 2=
(14, 120)2 AHgatgx, W AlolZdle 7MY & 2%(9¥, 210)E AHS3Idth

vhet WAo] 76mol:, Eol7F 36mel AP FaALe A xo] WA 20T, BEA
26T, AUEE 55%, 971 o] WAl ~7.1T, ¥WA 316T, FUFE 627% = AL A,
97] 27L& RAte] TAC 25%% #n st Aze Wl ¥3t 11200 keal/h, ¥ 3t
7,700 kcal/h ©].

R-22 Yol & Algdle QYL Alo] 2L a5 29 Ad I35 258 7122389 P-h A
=2 ARG ALE d e olgdte ol F&de VIS £5719 ¥ AU
Az, 2 AFHE otz SoFsAh

Duty Heating cycle Cooling cycle
Thermal load 11,200 kcal/h 7,700 kcal/h
Supply water temp. 45C 7T
Seawater inlet temp. 12T 21T
condensing temp. 50C 31T
Evaporating temp. 2C 2T
Condenser heat rate 11,200 kcal/h 8,700 kcal/h
Evaporator heat rate 9,200 kcal/h 7,700 kcal/h
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Fig. 4. Schematic of Experimental Heat Pump System
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Table 3. Physical Properties of AluminumBrass
ASTM.B.111 Alloy 687
Cu 771, Zn 206, Al 2.0, Ni 0.26 wt %

Typical specification

Composition
Density 8,330 kg/m'
Thermal conductivity 100 W/mK
Coefficient of thermal expansion 185%X10° K™*
Modulus of elasticity 1.1%X10°> MPa
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#H4s 2FE 7L, titanium, cupronickel, 316 stainless steel, 6% SRS FFT
austenitic stainless steel(SR-50A)5°] #5o] $58 2N AL 58 /HAAFPP
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WkA] 2] Wby $27)2 AgEE Al dagr|E 970l 16mm, FA7F 1.2 mmQ
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2o] 7970 kcal/hE HaF3, COPE 38 AEE Yehlz 3tk COPE Aty A& 457
F3e gtxy] 48 AP 4E7] B& 5%E 7HE St AAeith

— 921 -



3 F-%%E

5 10000 T T T T
oo _J._;g_p’%rﬂ'rfm'pﬂ'&"ﬁ";"&'.r'r'i'?."ﬁr'i'.’i s
1. AP
Weurn = £y ) W
SPRR0S RO £ M S AR L DT V-
i 1.3 d f\‘fv\j
T T e ™ Thienin 2000 ——Q i
e J =
o , . - - 2 o , , , .
00850 017:10 02530 033:50 00850 01710 02530 0:33:50
Time Time
Fig. 5. Experimental Data in Heating- Fig. 6. Heating Rate and COPx

Cycle Operation
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Fig. 9. COP Comparisons for Refrigerant and Cascade System
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