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A Study on the Optimization of Condenser according to Design
Factors in Heat Pump System
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Lee Y. S., Kim N. K.

ABSTRACT

This study optimized the condenser dimension of heat pump system with the heat sources
which are solar irradiation and ambient air. At first, the author selected the principal design
factors influencing the performance of heat pump system. And the author considered the
variation of condenser dimension according to the variation of the selected design factors,
that is, ambient air temperature, condenser temperature, degree of superheating, degree of sub-
cooling and irradiation.

As a result this study, among refrigerants R12, R22 and R500, refrigerant R22 has more
heating output than R12 and R500, and the coefficient of performance on this heat pump
system is not greatly influenced by the degree of superheating and degree of subcooling. The
ambient air temperature is below 5°C at balance point and the optimal tube length of condenser
dimension is about 3.8 m. Also the author gained the optimal design diagram for the optimiza-
tion of condenser dimension according to various design factors.

NOMENCLATURE Cp 1 Specific heat at constant pressure
(KJ/kg K)

Ac :  Heat transfer area of condenser F Correction factor

(m?) f Friction factor
Ah :  Heat transfer area of condenser H Heat capacity (w/"C)

per unit length (m?/m) h Heat transfer coefficient (w/m?°C)
Asc :  Area of solar collector (m?) I Solar irradiation (w/m?)
Cl :  Clearance volume K Thermal conductivity of air (w/
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m°C)

Lc :  Condenser tube length (m)

ILMTD : Logarithmic mean temperature dif-
ference (°C)

m Mass flow rate (kg/hr)

Nu Nusselt number

n Ratio of specific heats of the
refrigerant vapor

Pr Prandtl number

P . Pressure (kPa)

Qcond :  Heating output (kw)

Re Reynolds number

St Stanton number

T Temperature (°C)

U Overall heat transfer coefficient
(w/m2°C)

v Rate of volumetric displacement
(m?/s)

v Refrigerant specific volume at com-
pressor inlet (m®/kg)

z Solar-air abscissa parameter as de-
fined by equation 3

Greek symbols

n . Efficiency or Effectiveness

e Density (kg/m?)

u Viscosity (kg/m.s)

o Difference

Subscripts

a air

ar air-to-refrigerant

c condensation

e evaporation

g gaseous phase

hex heat exchanger

i inlet

| liquid phase

o outlet

osa zero temperature difference

r refgierant or ratio

room indoor

sa solar-air

e ST -

MmO LA FITH B 445(1988)/409

v :  actual volumetric

vi :  ideal volumetric

8,9 : points as defined by Fig.2
1. M 2

ofuA Bxl Aigdel g@ JuA &
vlol sAe F7ket Aglel mzrz skl A
e diFslen of #Al% @) 9
shof olu] o)Al we ArEol o Folx
2glh Hal 1973We] A sHgolF Al
A AFe Az A AR U ol
gl Aol e 71 %ol
1 ek 58 dgme AU

AHg-atal Ao ddo2RE 783 LV}
o]

dPze] 7|ENd L A2 dAYo=NH
e ool 1L HIUAE AdE AR ZA,
g ze] slEYele 18243 Carnotell 23]
Aoz At 1852 Kalvin?’ & W
A tdg s FastA ol 88 5 3l
T8 AAsta, Addyt nddg evle @
7] —Fy] QEzZ e Aoty 19274
Holdane® & A 25 M &o= Aztsided,
o] A 9]71E gYoz 3to] LthMﬂ o] -&
- ohekst AbERA o 8de 1

=)l =, Gutlerrez”‘
'HL: 34 ?SH*“Q' }

Eﬂ%k%%% %i%ig_n Gl E 051% F‘E— @%ok’io
™, Etlison® #} Krakow” &&
tlo] el ofste] Lol A5

A ol &715d ddog: ¥V, B, QY
A3 AE Fol Aded 1 5 AR
2 AME I QlE E717F ol 4l Alelr)
€ AT, 7l x7t stolylel wet )
gol Adeli7}k 7l WA ® Fds A
Fas7) st S AnNE
of

CEERE
she B2t ok cldd wAEE 82

\)«



G s HlYR e waane o
_g_’}‘; H]»H—lﬂo] }li,t:]/do /‘]—-QE]J_ olL} o]

o thgt ATEAM Chester® = 2717} S
A O

2 Eolrlrl Aol dAlgsh=
2, ODell”? & vl & A edr|e] Jgrixla o
Fate PG Agbsido, reld v1Ee o
Tio. zhE ool e Qe Mg
gk Aol EH-‘?— 2o g Al ZbE AdAIRIAEC] o}
E71a7)e] digt At wu) gk A Aolch

il

l:l

B Aol e ddd 2171 E Jdo= &
E Qgee A & UL, »9-«‘:%%5
g, FYgde 2@ gajae] Hale] uh
Parol A5g BAeon 7EL *‘b‘?ﬁﬂr
o} nmgto gy Ay wdel HIAHE A
2, AAdAS i $F71e HF
a71& AxzA A Askd oh

2. O|=sHN
2-1 AlEdlold e

Fig.12 2 A7l A ALE3 Al &l &
do|ct, 2 FAL 4H7), TR, &5,
dAawe 2 gE7) o, 279 WE 44
#d, Pazle F oo dugrg A
o] 9lt}, Fig.2& £ 7oA sl Alel2
2 7HA e SAR A AtelZel AL
g AAstan o] 2g sHHste] dF
Zo] H¥e o&stu 71378 HHAEA
stod ot

B ool Hes sHde v 2th
VR

COMPRESSOR

i

o

flio

(X)NDENSE;}

— -

EXPANSION
VALVE

—

EVAPORATOR

HT. EX. 1
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Table 1. Parameters of the simulation on the
heat pump system
Heat Ambient air ~10~10C
Source temperature
Solar irradiation 0~2,700
W/
Heat Sink| Indoor temperature |21°C
Compres— | Rate of displacement; 8.6n/hr .
sor Isentropic efficiency | 0.670
Clearance volume 0.010
ratio
Volumetric efficiency | 0.480
ratio
Condenser | Temperature 35~50°C
Degree of subcooling | 0°C
Degree of 3%C
superheating
Frontal Area 0.18m
Heat Effectiveness of heat | 0.770
Exchanger| exchanger 1
Effectiveness of heat | (.050
exchanger 2 —
entering vapor dry
Effectiveness of heat | 0.270
exchanger 2-
entering vapor wet
Orifice Number 42
Diametor 0.0005m
Discharge coefficient | 0.200
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