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Effect of the Heat Exchange between Low and High
Temperature Refrigerant on the Heat Pump Performance
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ABSTRACT

The ambient air is commonly used as low-temperature heat sources for heat pump

operation. However, the coefficient of performance(COP) of the air-water heat pump is

decreased with the ambient air temperature drop.

In this study to solve this problem,

the AVACTHE(Automatic Variable Area

Capillary Type Heat Exchanger) with 3 levels of heat exchange area(0, 14954, 17945

cr) was installed in the refrigerant circuit of the heat pump. The AVACTHE effect on

the performance of heat pump was tested with the ambient air temperature variation.
The high level COP of the heat pump could be achieved by the AVACTHE

installation when below -5T of the ambient air temperature.

1. A &

FHEE HMAUAE AMREA g A
2902 ATAU(E, & 37 ezry
& F9dtd 1&9 948 e FA=
A, HdE F83% Gdx 9 Yz W
A7lEY ol48 5 Ut d¥z:= & &
aga F7) 5 499 = 2FH9Y | o
d9F HFF ES 9dg E4o) F7iEyg
Fi3, B FL ALAE FUY 2xHT}
E7] HEd 0 ¥& Avoz A2de &

A F oy, 259 Aol ad Ao

Aot 3718 d9gez ¥ A= ¥
29 Ade] glol ARl o] 8 F glo
v AZAE HA 7l ~-10Tolst2 Wast
7] Q& -10ColgAME & H5e &
T AEE 7] AT QHIAAG S A
FA FAsoF sk o9k T Yo B
3o B Ao AVACTHEZ: 84
E TUINY &7 &F Aol FHEd
-10Co13te FUAME FHZE ALg7SE
SEE Fon, 1 A%E 4y, EAstd
A st

T8 ATE 19EE AFHGAG ATH Y2 FPHYL.

« 23UGE SO BA7ABYS
s ZEOUT Y BI71AB %Y

-211~



2. o] &4

T RS AP dEWL 23R H%A
9 YA A% AWz F2 P2
A dE olgAg A v 2
I:]-. . ¥

Jh ©RIIY e EF
Y 54 QUZ N2ge ¢4F7) FRE
23 2ol 2R3E F A

I 5 I-I 3J| 838
71-= 24 3y

. ‘3’“71-3
(Air to Water) 4829 S5 FErdM=
F71-Evi7t dag v, &M=

E-Yuirl dugg v S dAdgw
A o9 Fdvle] dAdgdd, Ax QA4H
Zo] X3P

Q = A'U'ATLM

@AM %5 & g g3t 2o

AED =

ACo

o CELE

ATl (Tam r.oul)o AT2=(Ta.out—' Tr.in)
——————————————————— ®)

$&719 AS-

ATI (Trm w.out), ATZ=(Tr.out— Tw.in)

@4 Ad Wstd s 1/U o B8
FAg UYsEy 37 % Ul A
9, At beR 2ol AW & A

A——Q——( "lnD _L.&)

T 22, "D, o D,

Ch. AVACTHE? MHHE HHY

57194 &5 FE2Z "= 3
el FeE 8% HA 15% ANM2
78t FE7ldA Yot 42 FdEHE 3
e BeHE 15%2] A e} 85%} 71AQ 2
4 E3guier e olgk e s1A )
A AVACTHE HdHHLE ()] oo
2R3 drh

Gmh(0.85pL+0.15pg) %
U-N- ATLM

(0.15CpL+0.85CPg)X(Ts,out_ Ts,in) "(6)
7N, AdAGAF, Ut dSFTFLE,
AT & &3 2o,

Aava=

5 -(8)
" Toowd = (Trou— T o)

n ()

—-212—



a4 : convective film heat transfer coefficient
(CHTC) on the outside of tube(W/m'K)

ap ' convective film heat transfer coefficient
(CHTC) on the inside of tube (W/m'K)

-C—l,,, : average CHTC of refrigerant in the
condenser or evaporator (W/mK)

7; ¢ compression efficiency

7., - mechanical efficiency of compressor

7, - volume efficiency

A, ¢ thermal conductivity of tube wall(W/m K)

Pg ' density of refrigerant in gas phase(kg/m’)

o1 : density of refrigerant in liquid phase(kg/m')

A © the total surface area of condenser or

evaporator tube without fins (m’)

A , : cross section area of tube outside (m’)

A, :the total surface area of evaporator tube
without fins ( %)

A_,. the total surface area of condenser tube
without fins ( #2%)

A ava . heat exchange area of AVACTHE

(m?)

Cp, * specific heat of refrigerant in gas phase

(ka/kg °K)

specific heat of refrigerant in liquid

phase (rd/kg “K)
D : piston diameter of compressor (mm)
D; : inside diameter of capillary tube (mm)

Cp,

D, : outside diameter of capillary tube (mm)

Go,s;, . volume flow rate of refrigerant in the
shell (m'/sec)
Go.,u ! volume flow rate of refrigerant in the
tube (m'/sec)
hy : enthalpy of refrigerant in the initial state
of compression process (kcal/kg)
fy : enthalpy of refrigerant at the end of
compression process (kcal/kg)

thermal conductivity of the capillary
tube wall (W/m'K)
L : piston stroke (mm)

7 : revolution velocity (N/s)

kW

N number of capillary tube
@ ' radiated heat from condenser or evaporator
(kcal/hr)
Qc, : radiated heat from condenser(kcal/hr)

Qg ° radiated heat from evaporator(kcal/hr)
R, : thermal resistance of the fouling layer on
the outside of the tube
Rpg : thermal resistance of the fouling layer on
the inside of the tube
ATy - logarithm mean temperature
difference (K)
T, i - air temperature at evaporator inlet
(K)
T, o - air temperature at evaporator outlet (K)
AT, , AT, : temperature difference between

the heat transfer fluid temp.
and refrigerant temp. (K)

T, . : refrigerant temperature at condenser or
evaporator inlet (K)

T, o - refrigerant temperature at condenser or
evaporator outlet (K)

T i - refrigerant temperature at shell inlet(K)

T s.ou - refrigerant temperature at shell outlet(K)

T, : refrigerant temperature at tube inlet(K)

T | o - refrigerant temperature at tube outlet(K)

T ,...- water temperature at condenser inlet(K)

Tw.out:

U : overall heat transfer coefficient of
condenser or Evaporator (W/m'K)

V| : specific volume of refrigerant (m'/kg)

water temperature at condenser outlet(K)

Wr : the real power requirement of heat pump
compressor in the heating mode (kW)
2 ! number of piston
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Table 1. Detail of the tested heat pump
system.

Items Worki
Size|  Mode e
System Fluid
Hent 4PS Heating : Air R
cal pump to Water %z

a9 13 e A4dFAAAM F2 FAH8L
(=71, &271, B3 2B, LD -
E79 SEAE HA%Y Z B 2EE

SA&AT. £ £ 7%, Wl 4HCE
Z-F998, H3EgEA 4%V 22
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x| Hstgrd we} v e Frhaciol,
Rz9 FY% 350ke/mE BHLE ATAS
T #2387 AFE A

4
281 $%7) FUSE B o] W

Table 2. The experimental variables and measuring items.

Classification & Treatment | Air to Water Heat Pump

Measuring Items (open loop)

- Ambient temperature (T) -12~16

- Condenser inlet temperature of heat transfer fluid (C) 8~17

- Condenser outlet temperature of heat transfer fluid (C) 30~85

- Water flow rate in the heat pump circuit (I/h) 100~300

- Refrigerant charging rate 240 ~400

* Suction pressure in the heat pump circuit (kg/m’) 15~50

- Discharge pressure in the heat pump circuit (kg/m’) 10.0~26.0

- Electric power consumption (W) 1800~ 3400
0 (bypass)

- Variation of heat transfer area of AVACTHE (cr) 1495.4

1794.5
- Data acquisition interval (min) 1
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Fig. 1. Heat pump circuit and experimental

apparatus.
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Fig. 2. Relationship between Rz charging
mass per heat pump circuit volume
and COP depending on the water
flow rate in condenser.
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Fig. 3. The AVACTHE effect on the COP
as a function of the ambient temp-
erature.
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Tev=average temperature of Rz in evaporator.
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Fig 4. The AVACTHE effect on the COP
as a function of temperature differ-
ence between the average water
temperature in condenser and aver-
age R» temperature in evaporator.
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Fig. 5. The AVACTHE effect on the COP
as a function of temperature differ-
ence between the average water
temperature and average Rz tempe-
rature in condenser.
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