stmoteld x| of 2l &t X] X353 55, pp. 576~581, 2011. 7 (ISSN 1226-9549)
Journal of the Korean Society of Marine Engineering

COz S|EHZE ©hd BAE Zo| of|Fell 3k A+

1
(Auged 20119 3¢ 11Y, A
Prediction of Adiabatic Capillary Tube Length of Heat Pump Using Carbon

Dioxide
Hoo-Kyu Oh' - Kwang-Hwan Choi' - Min-Ju Jeon1 + Chang-Hyo Sont
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Abstract: In this paper, the prediction of adiabatic capillary tube of heat pump using carbon dioxide is
investigated theoretically and experimentally to offer the basic design data for the operating parameters of
this system. The operating parameters considered in this study include evaporation temperature, cooling
pressure of gas cooler, mass flowrate, and the length and diameter of capillary tube. Based on study results
of several researchers, the correlation predicting the length of capillary tube of CO, heat pump was
proposed. And the experimental results of evaporation temperature, mass flowrate and cooling pressure in
adiabatic capillary tube have an good agreement to those calculated from Eq. (3) within 0.63~10.9%.
Therefore, the prediction calculating the length of adiabatic capillary tube of CO, heat pump was proposed
at the given conditions such as cooling pressure, evaporation temperature and capillary tube diameter.
Key words: Carbon dioxide, Capillary tube, Expansion device, Heat pump
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Table 1: Analysis conditions[5].

W717), EA w3, T35
Parameter Value o 9ot
Papin . [MPa] 8~ 12 ARG A A2 zhr s ZulE g
g tmm) 06~ 1 o ulzk 523 slel 23447t B2 2%
T . [C] 10 ~ -30 2 Pl gF du2A FRE ol&sa
Laps [m] 1~4 A2t Figure 30] LR whe} gro] 7haw
Tapin» [C] 0 ~ 30 2719 2ol Wae WAel 7.75 mm, $17e]
m,,, [ke/s] 0.001 ~ 0.01 9.53 mme]x, &|#E W7ol 25 mm, £17°] 30
mm¢l FHEE 74zho] Zol= 4000 mmet 5000
mme|th W& A WA e 4l COo, AlAH
AN e BAEs] S8 LRI NEH L
5. A7 297k QA shel 2L olgkel IR
g k23R AT B el B2u) yejel w
jg: 3
%2': Table 2: Statistics information for Eq. (3).
- 15 Lcap
; Value Standard error
o a, -9.256186E+00 2.658101E+04
05 1 15 chapiﬁl 3 35 4 45 a, 1.050972E+03 1.118478E+02
a, 1.038335E+05 2.857040E+03
Figure 2: Comparison of L, , .4 predicted by Eq. a, 3.281508E-01 -
(3) and L, .. calculated by EES program. a, 9.327989E-04 5.702524E-03
a; -5.793825E-01 -
Lo & 59 =RS FyasA vyt Figure 2 a -4.888077E-04 1.053816E-04
= 2 3SR ARG (L, )T FOIA az -1.040866E+00 -
EES[6] ZEIABOZ T (Lo, o) B ag -1.117100E-03 6.042825E-05
O Aotk YA L = glEo] £O A a, -1.484854E+01 3.164406E+04
B, ay 3.085753E+01 1.956020E+00
ay -5.589559E+01 4.690440E+00
Laap =8 taime tamie +aP o, 0 +aPpin 8T a, 2.221702E+00 6.240288E-01
+agTop i T, T, +agTo+ayd +ay,d a; 6.923182E-01 4.624768E-01
+a,m P, ;. +a,m P . +a,m T, ay -3.112648E+03 1.477286E+02
taym, o +ay P T i Py i T as -2.354499E-02 1.347613E-02

+a17Pcap,indi +a18TC T

ap,in —e

+ a19Tcap.in d1 + aZUTedi

578 / g=mtd A yol g s x] A35¢d A5%, 2011. 7

ag 1.084886E-02 5.727673E-03
a; 9.826877E-01 -
ag 1.034948E-03 6.142997E-04
ag 9.604501E-01 -
Ay 1.087722E+00 -

No. point : 787, rms= 1.3593E-13,
bias=-1.7132E-13, R?= 97.50%
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Figure 3: Schematic diagram of experimental apparatus
with capillary tube using CO,.
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Table 3: Experimental conditions of parameters.

Parameter Value
Popin » [MPa] 10
d;, [mm] 0.84
T. . [C] 0, 10
L ps [m] 1~ 4
Teap,in> [C] 10, 30
m,., [kg/s] 0.006, 0.008
40
® Experimental data d; = 0.84 mm
30 a A Simulation data Tcap,in= 30°C
B P.oin= 10 MPa
20 - m,_=0.006 kg/s
o or :
oot
a
0k
20t
2
e 1 2 3 4

Legpr [m]

Figure 4: Comparison of evaporation temperature for
experimental and simulation result with capillary

tube.
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