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Performance Analysis of Integral Receiver/Dryer Condenser for Automobile
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ABSTRACT: The important problems from the point of view of preventing global warming
are to save the power consumption of automotive air-conditioning systems and reduce the re-
frigerant amount filled. To achieve such requirements, integral receiver/dryer (R/D) condensers
were developed recently. Typical integral R/D condensers have extra headers that play the
role of R/D. Except an extra header and somewhat complex tube array resulting from the ex-
tra header, the most integral R/D condensers have almost the same specification that tube has
multi channels, fin has louvers, flow in tube is parallel, etc. When integral condensers are ap-
plied, it is known that the refrigerating effect increases, resulting from the increase of sub-
cooling degree in condenser, and the refrigerant amount used saves. In spite of several merits,
integral condensers have not been applied a lot. That is why there is an uncertainty in per-
formance, using integral condensers. The objective of this study is to theoretically optimize
the tube array in an integral R/D condenser that is really being applied to some vehicles. The
tube array has a great effect on the performance of the integral condenser as well as com-
mon ones. Through computer simulation, we could see that the tube array, 14-6-3-5-3-4, in
the same condenser was the best, comparing heat release rate, pressure drop, etc. to the real

array, 17-5-3-3-2-5. It should be noted that the optimization is based on the condenser per-
formance only.

Key words: Integral R/D condenser(8|lA18¥]/2%7] d4A3 $327]), Tube array(FE¥), Sub-
cooling(#}¥), Mathematical modeling(53t% = @), Heat release rate(d4& &),
Pressure drop($+3 73h)
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Fig. 1 Integral R/D condenser shape (Denso
Corporation, 1996).
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Fig. 2 Schematic diagram of integral R/D con-
denser model (Halla Co.).

2. #3H mAY P Asuy

Fig. 29} 22 6-pass $%7]18 2y o
27 Yoz §HAE AAL & B
oF gttt e} sde] AlEHE NEGAAL
Y3t

lo

2.1 712w
YAY $2719 $345 ZuYo AW 7

71 24 1449 fEolth
(2) 371 A37(dry ainZ HFdoh
el (2 29 A2 42 Ui e )
M FHe JFg FAFAT
4 IAH Foe YulsaE ANE gE A

dmE $F) PAY EAe DR Gk

gyt HEE de B/ 58 93 2o}
ofstEE Huy] E&E AHESY AdYERE
4g Astd vew 2o

Q= Q= € Qnax (n
Qma,x = Cmin(Tri_ Tai) (2)

Superheated or subcooled state

€= l—exp[(ic) - NTU"®
(3)
x {exp(— € - NTU*™®) 1}

$5719 454 247
where C= Cpin/Cuax, NTU=U,A,/Cyin,
Cmm (mc )m'm, Cmax (mc )max
Saturated state
6=1—8Xp(- UaAo/Cmin) (4)
where  Cpin = (MCp)min = M Cpq
A HelM Q. Q= EWEH IS5 944
27 Uelm, me AFHFL ey

e
W, 4,5 2A9EHln $928AF Ve o
55 ol LB 4+ IBREAT 2,

T RA, A, )
2Byl A k9 he& i7]9’r Yoo R
4% 77 deim AE FY a® agwd,
Aps R dEwH, By ugz 4dd 3
%uramm,nf—t—m 24 g Moz

Bl 4 9t
2h, \*5
tamh(Lﬁ'(kféf) )

2h 0.5
nlig)
T\ Ky g

ndo rlr fr

Ny =

(6)

26yl A Ly B Fol, 5 =
P gddxxelt) Fig. 32 vET_- £y W ¥
Hel 715E R9FEan Qo

T71& ddEASE Bad BdIEME A
a8 e FE Aoz ¢HA Davenport A
oz g

St + Pr?¥® = 0.249Rej,**? - L%
X (Ly /Ly )"+ L2 - 1000%%
for 300 < Rey,= p,v, L,/ 11, < 4000

(7N

ez dAEAsE @
g me FPgDe B¢
Ao

43 9 (single phase, 3}
Gnielinski #A4&



248
Lin tube Lg fin length
height
tube Lt
width
| / '
Lo ]
fin | , . Ly
pitch tube
R length
4 ; (round)
Lu } Lth
louver length fin height

(a) Tube and louver fin

4

== —Aa N
Iouve;—f louver
helght Lip angle

louver pitch

(b) Louver shape (side view)

Fig. 3 Shapes of tube and louver fin.
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Table 1 Specification of integral R/D condenser

Variable Details

Coil length (mm) 680

Coil height (mm) 350

Tube length (mm) 695
Tube width (mm) 16
Tube height (mm) 1.8
Tube pitch (mm) 9.7

Tube wall thickness (mm) 0.2
Number of refrigerant pass 6

Tube per pass 17-5-3-3-2-5

Number of channels/tube 16

Channel hydraulic diameter (mm) 0.95
Fin height (mm) 81

Fin length (mm) 16

Fin pitch (mm) 25

Fin thickness (mm) 0.1
Louver length (mm) 7
Louver pitch (mm) 13

Louver height approx. (mm) 0.25
Louver angle approx. (degree) 25
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Table 2 Operating condition (Base case)

Condition Details
Air inlet velocity 35m/s
Air inlet temperature 3T
Pressure of condenser inlet 1,600 kPa

Temperature of condenser inlet{25C superheat
Mass flow rate of refrigerant 0.035kg/s
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Fig. 5 Comparison of performance between
17-8-5-5 array and 14-11-6-4 array.
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Table 3 Comparison of performance (6-pass)
(no R/D effect)

im
Performance |17 5™ 5 5|13 5-3-4
Heat release rate 6.45 kW 6.66 kKW
Subcooling degree 55T 102C
Total pressure drop 67.1kPa 39.7 kPa
Quality in header 0.102 0.0
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Table 4 Comparison of performance (6-pass)
(R/D effect considered)

Base Optimum
Performance |17 3% o o146-3.5-3-4
Heat release rate 6.24 kW 6.66 kW
Latent heat 4.03kW 503 kW
Sensible heat 2.21 kW 1.63 kW
Ref. exit pressure 1539.8 kPa | 1560.3 kPa
Ref. exit temperature 449C 466C
Subcooling degree 1147C 102°C
Total pressure drop| 60.2kPa 39.7 kPa
Pressure in header | 1542.1kPa | 1563.7 kPa
Quality in header 0.102 0.0
Lig. level in header 13.1cm 9.7 cm
Mass stored (header) 688 ¢g 507¢g
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