An Experimental Study of Liquid Injection
into the Compressor Cylinder of a Heat Pump

Utilizing Sea Water as Heat Source
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An Experimental Study of Liquid Injection
into the Compressor Cylinder of a Heat Pump

Utilizing Sea Water as Heat Source

Sun-Sik Kim

Department of Refrigeration and Air-Conditioning Engineering

Graduate School, Korea Maritime University

Abstract

An experimental investigation on the effect of refrigerant liquid
injection into the heat pump compressor on the system performance
has been carried out. The heat pump in the present study is designed
to draw heat from sea water and equipped with a 3-hp reciprocal
compressor. The compressor head cover and valve plate has been
machined to accomodate two 0.58 mm-I.D. injection nozzles. When the
liquid injection mass is increased up to 7.2 % of the refrigerant mass
in the cylinder, the discharge gas temperature drops by 39 K. The
liquid injection causes the rise of condensing pressure and accordingly
compressor power. The COP, however, increases slightly and then

decreases, indicating the existence of an optimum injection rate.
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o, oo

e,
rlo

ol weh o] niy Fm Qe FAS agste] AAHUAT. £

Ardd Edzo] AHE dudrles gu gidd ol =(F)ALe dla¢ W
Zrg Austy|2A W#He A7 254 mmel cupronickel(Cul0%, Ni20%)

Hola, &L 395 mme copper#ol®, 3HAROlE=E F74 1 mme
aluminum fin 16 7|7} WARG o= FHE o] glojA Wuje] f{=7t 47
A (channel) # FAFeE FEjo] o]F ¢ dugr|th Yoz 47t &
2aL Sl Wiyt s =24 Ho] glow ¥ 379 o dFE ¥

sh7] wlEe] A oFF copperthe HYH Faha, S5 L4 AF

il

dHY T38S 7FA 2 =  aluminum brass, titanium, cupronickel, 316
- stainless steel, 6% =22 WS 33t austenitic stainless steel
(SR-50A) & A A4S 31213 cupronickel ¥ &I afS=o gt
cupronickel®] WAl H21 g2 Wk (0.0025~0.025 mmo|™, 33}E o]
L biofouling®ll 23 WFAAES 7HA 3L o Z thekgh Foko A ALE

H 3 9tk ¥ 3.3 oA = cupronickeld FL8 EAXE veR QAT

_17_



oo d4 dustr)e] AAZAS

~Duty Heating cycle Cooling cycle
(evaporator) (condenser)

Annular side fluid R-22 R-22

Inner side fluid seawater seawater

Working fluid temp. 5C 32.2C

Seawater inlet temp. 12C 21C

Thermal duty(kcal/h) 8,943 14,980

g dulgkv] o] tube ol U 22 EdD e S AU

— UAAT (3.1)

(Twi — Tr) _(Two — Tr)
ln[( Twi - Tr)/(Two—Tr)]

ATLM -

1
4, dn(d/d) 1 (33)
dh, T 27k, T h,

14 molth. 18 384 Ao =7], 19 3994 E FHE dusl
719l APE BolFan gtk a9 390049k o] Ho] 7 mel olsd &
W37 20 2-circuite® AZASF T Wujo] dFe HujE 9
715 AHgsklt
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=71 Al S=7n Atole] gt WEIE widE F7 7 mm<l

steel #¥ = AHE 7HEFste] A4 158 mm, W74

g, Holy A5%A

Agdeole e HS5L 6708 Il 2= dHolEek 2709 pressure
transducer, $¥571¢] &~8-59S 54317 9 power meteroll A 2=
old =1 E¥S Data Acquisition systemol|A 53tk A}83F Data
Acquisition System< KeithleyAl2] 500A%= A/DH3S E3lo] AFH=
HolHES A43stH, o dHol¥E-2 LabtechAt9] Notebook - pro AZE
AelE 3 ZUHE AA3F SAHAAES el gd 2 A4
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=4 9 S717F 3
o] d3t 9 w3ts fist, AXEE HAE W, s o] Adtet=
wAZE A wbd A" el Wiy AR EERY BA " A
ool s oA webd a8 FHol Frkste] A A

£ "ol A "rh(Lee, 2000).
HA W FAFS S B fs A" dAl ajdE R 84
ek AA e 24 Bokerw, Al 4 AHdd S5 43T, T8

[e5]

T 6T gk EXAAE AFREE AAtee] 1 350 YEhl AT

oo
Hye
N
rlr
.
o
@
[§
(@)
()
<&
10
e H

43 $%7) mdi B Ao A14d dE0RY £V g2
5710 o] AAgt= HuE HA 10%, ol 30% HE 7 e

ok Ao s Wie] fEde] vigelA 5 mm HolA i 9
W& vl A 200 mm Eololl fIASRE Ko F9= HA 10 mm, F
7] A=A 50%E Huz HAEAT 5 dusir)e Fuy] RRS



48 kg =0Tt

(leak test)
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=3

31 ¢

i,
&

AAxA

Duty Heating cycle Cooling cycle
Seawater inlet temp. 12°C 21T
condensing temp. 60T 32.2TC
Evaporating temp. 5C 5T
Compressor Power 5106 W 3,026 W

Compressor Capacity

8,943 kcal/h

12,378 kcal/h

Condenser heat rate

13,333 kcal/h

14,980 kcal/h

¥ 3.2 Cupronickel®] &4

Typical specification

UNS No. C96200

.. N. 1
Composition Fe Czl,l 12\3/{8;1 11 v\?t’ %
Specific gravity 8.9

Thermal conductivity

45 W/mK at 20C

Coefficient of thermal expansion 17x10° K
Specific Heat 376 J - kg K
Tensile Strength 320 N/mrf
3E 33 3 d Ao
Upstream Downstream
T3k 4ol (m) T3k 2ol (m)
AFEATBE | M5 | Queso28adF | 98
HEI-IFYE 17 APAYTF—4FTIE | 397
1Y E—4ZFYE 13.6 4TI E—1SIE 13.6
ATV E->AALAT | 379 159 E->HZ 17
AAAYTF>F g7 9.8
4ol (m) 122.8 80.1
A A4 o] (m) 202.9

_24_




¥ 34 A" a0 AA @ oA duj R
| Y A A A .
o 3 A
2 |ga| g | 24 (IH " )] Tf” A de|
mm m H] (%) g
=7 — 16 mm| 146 | 05 | 0084 | 0.39
o b 7] , 0.0084
a7 /2 11092 | 02 | 0019 | 0.09
vl /27 [ 1092 | 1.16 | 0109 | 051
- o 20 16 | 146 | 72 | 121 | 568 |01119
o 1/2" | 1092 | 055 | 0052 | 024
7 TEo 43°ck “AFEF 44 1
- d g
%7 30.12 ~
o of | owe) 3] = 4918 4 )15
L £ 1y - 4918/08 = 6418 £ '
57 =
o] o | 3/8" 8 16 | 0008 | 004 |0.0089
T =
223 = aD¥/4xH = 0.126
G2l 7] ol 1x0.15%/4x0.28/1000 23.22 ~
= 4948 ¢ 1.643
T47] —
P o | 3/8" 8 11 | 055 | 258 06148
B —
5 N7l 3/8" 8 14 | 007 | 033 00885
= 1L
} Z Xy = Acx(No.ch)xLLx2 =
o o+7] <
) 0.0194x10 *x16x7x2+1000 2041 | 0.1332
g n 37| —7]
= 435 ¢ (o} Hz)
A7) —
o= g o] At 71 | 5/8 | 145 | 19 | 031 145 | 0.0079
=
nD?/4xH =
o) -8 ¢ o] ] 7 1+0.12%/4x0.26/1000 13.80 | 0.0751
=204 ¢
olFEd ol
iiﬂ 1 71 | 5/8 | 145 | 145 | 024 | 113 |0.0061
e
1.8078
) A 21.3 ~
4.8498
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Capacity
(Kcal/Hr)

Power(Watt)

15000 ‘ ‘ ‘

14000 H Condensing Temp. : 33.2°C
13000 [{ - Condensing Temp. : 43.3 °C
12000 [{ —— Condensing Temp. : 60.0 °C
11000
10000 |-
9000 |
8000 |
7000 |
6000 |
5000 |
4000 | _
3000 | I
2000 | =
1000 L

5500

5000

4500

4000

3500

3000

2500

3RA1-0310 CAPACITY MAP

25 -20 -15 -10 -5 0 5 10

Evaporating Temp(°C)

a9 33 4571 ¥4 oy =4

K

3RA1-0310 POWER MAP

I I I I
1 - Condensing Temp. : 33.2 °C
———————— Condensing Temp. : 43.3 °C
N —— Condensing Temp. : 60.0 °C
-25 20 -15 -10 5 0 5 10

Evaporating Temp.(°C)

A

hid

a9 34 457 A8 Y

K
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Mass Flow Rate

(Kgls)

3RA1-0310 MASS MAP

0.09 I I I
0.08 32.2 °C Cond. Temp
R 43.3 °C Cond. Temp E
o 0.07389 (5.~
0.07 .| ——60.0 "C Cond. Temp i
0.06639
0.06
0.05
0.04 .
For32.2°C
Y=(229.10557+7.1302*X+0. 04163‘”2)/3600
0.03 _
For43.3°C
Y=(0.06053+0.00207*X+(1 62139E75)'X2)/3600
0.02 5 ‘
For 60.0 °C \
Y=(195.99739+8.21181*X+0. 08512’X1}/3600
0.01 * * l *
-25 -20 -15 -10 -5 0 5 10

Evaporating Temp(°C)

19 35 ¥=7] A%
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________ M aa
1
Sea Water
m & -
Outdoar Heating Cycle
Sea Water Heat Exchangear —————te
Out Cooaling Cycle
-— P——
@ Pressure Ev
()] Txperahure Quidoor Mrpressor
L E S5Ure
Tranaducer Indoor Kj________.r

Indoor

Evaporatar (?
e

Fan Coil Unit

Indoor
Condenser
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From Rotameter

1/4” (6.35mm)
Copper Tube

1/16" (1.58mm) i

Stainless Tube ! I:-
1/16" NPT \

male connector “\\_\_ﬂ I

Head Cover — |

Valve Plate —
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dolgo] FA Hol dATF] T I FHV] TY A AFVE FHHE
Aoz Ats ) webA] 29 413 19 42049 o] T Wk
0~45 kg oldelA = T3 Wujke] F7hghel wet $&9tg ) 2%7t
Fsstth7 4.0~45 kg ol Foll A= W) gl Aoz AlREHU
a9 4300 M= W) A wE 37 %S Yeha gt 2
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41 A= O

23 (1)

2.5 kg 3.0 kg 3.5 kg 4.0 kg
Mpa
(gage) 1.4777 |11.5003|1.6488| 1.7020 |1.7123| 1.7056 | 1.7404 | 1.6674
P_High
Tsat(C)| 41.2 42.0 | 45.5 46.8 | 47.05 47 47.7 | 45.95
Mpa
(gage) 0.4745 |0.4816|0.5487 | 0.5563 | 0.5606 | 0.5645 | 0.5593 | 0.5486
P_Low
Tsat(C)| 4.54 4.87 | 8.46 8.84 9.01 9.3 9.01 8.45
T_liquid [C] | 41.95 | 42.54 | 46.32 | 47.79 | 48.03 | 47.63 | 48.03 | 46.92
HHE[TC] 0 0 0 0 0 0 0 0
T_suction [C]| 12.10 | 13.21 | 9.35 9.03 9.19 9.34 9.29 8.39
niz-E= el 7.65 8.34 | 0.89 0.19 0.18 0.04 0.28 0
T_Hex=in
[C] 36.56 | 37.08| 39.83 | 41.01 | 41.11 | 40.18 | 41.35 | 39.76
T_Hex-out
[C] 38.65 | 39.20 | 42.29 | 43.58 | 43.75 | 42.95 | 44.08 | 42.44
T_room
[C] 25.22 | 25.11 | 25.20 | 25.26 | 25.22 | 24.83 | 25.00 | 25.07
Power(kW) 1.44 1.47 1.66 1.80 1.86 1.85 1.83 1.87
COP 4.95 490 | 5.04 4.85 4.84 5.11 5.07 4.88
Q_heat
6128 | 6178 | 7210 | 7488 | 7727 | 8122 7973 | 7859
(kcal/hr)
T_comp-out
[C] 131.44 |1133.63|124.34| 103.70 |106.80| 91.57 | 91.22 | 84.67
Sea water
o 13.9 13.9 14.2 14.4 14.6 14.8 141
in[C]
sea water out
[c] 12.7 12.7 12.9 13.1 13.3 13.4 12.7
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¥ 42 SAF mE Al=E AT AIH2)
4.5 kg 5kg 5.5kg 6.0kg
M
(gaZZ) 1.6650(1.6969|1.7118|1.6434(1.6872|1.6668|1.6780(1.7132|1.7188
P_High
Tsat
(c) 459 | 46.7 47 45,37 | 46.43 | 45.94 | 46.21 | 47.04 | 47.18
Mpa
(gage) 0.5562(0.5615|0.5609|0.5359|0.5473|0.5398|0.5512| 0.555 |0.5623
P_tow Tsat
) 8.8 9.1 9.1 7.8 8.39 | 8.01 8.59 | 8.78 | 9.19
()
T_liquid
[C] 46.78 | 47.59 | 47.86 | 46.46 | 47.15 | 46.84 | 47.42 | 47.77 | 48.19
WHE
. 0 0 0 0 0 0 0 0 0
[cC]
T_suction
[c] 8.93 | 9.22 | 9.11 8.14 | 8.54 | 8.21 8.63 | 8.99 | 9.22
ngee
. 0.13 | 0.12 | 0.01 0.34 | 0.15 0.2 0 0.21 0.083
[cC]
T_Hex-in
[C] 39.2 | 40.08 | 40.46 | 39.1 39.7 | 39.42 | 39.96 | 40.29 | 40.77
T_Hex-out
[C] 42.04 | 42.86 | 43.18 | 41.85 | 42.5 | 42.15 | 42.59 | 43.09 | 43.53
T_room
[C] 22.31 2499 | 24.93 | 25.21 | 25.04 | 24.9 | 25.12 | 25.26 | 25.22
Power(kW) 1.82 1.8 1.91 1.81 1.87 | 1.86 | 1.88 1.9 1.94
COP 5.3 524 | 486 | 5.16 | 5.03 | 498 | 496 | 4.87 | 4.85
Q_heat
8319 | 8145 | 7962 | 8033 | 8075 | 7963 | 7988 | 8011 | 8086
(kcal/hr)
T_comp-out
[C] 83.07 | 84.76 | 84.76 | 74.56 | 78.01 | 72.75 | 74.71 | 64.39 | 64.44
Sea water
in[c] 145 | 14.7 | 15.0 | 14.0 | 14.0 | 13.8 | 143 | 146 | 14.5
Sea water
. 13.3 | 18.2 | 1836 | 124 | 125 | 124 | 129 | 13.2 | 13.2
out [TC]
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2000 -
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2.0 25 3.0 35 4.0 45 5.0 5.5 6.0
Refrigerant charge[kg]
O 43 T gE wdE
3.0 6
28 - E
L B a
26 F ,,,,,ﬁ/———&fffgfﬁ@f e 5
24 - E
E 22 |- 44
= 20 1 %
5] L i N N &)
Z 18l S S HE 13
o L _—
16 | — 1
141 /'/ @ COP 42
L m kW
12 | E
1.0 I 1 1 1 1 1 1 1 1
2.0 25 3.0 35 4.0 45 5.0 55 6.0
Refrigerant Charge(kg)
- s -
O 44 FAFA B2 AHAATF 2L 457 59
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