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Study on Heat Transfer Characteristics of Evaporator with
Horizontal Small Diameter Tubes
using Natural Refrigerant Propane
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Abstract : The evaporation heat transfer characteristics of propane(R-290) in horizontal small diameter tubes were
investigated experimentally. The test tubes have inner diameters of 1 mm and 4 mm. Local heat transfer
coefficients were measured at heat fluxes of 12, 24 kW/m’, mass fluxes of 150, 300 kg/mzs, and evaporation
temperature of 15 C. The experimental results showed that the evaporation heat transfer coefficient of R-290 has
an effect on heat flux, mass flux, tube diameter, and vapor quality. The evaporation heat transfer of R-290 has an
influenced on nucleate boiling at low quality and convective boiling at high quality. The evaporation heat transfer

coefficient of R-290 increases with decreasing inner tube diameter. And the evaporation heat transfer coefficient of

R-290 is about 1~3 times higher than that of R-134a.

1. B
D : tube diameter, m
G mass flux, kg/m’s
M : mass flowrate, kg/s
h  heat transfer coefficient, W/m’K
a : heat flux, kW/m?
P : pressure, Pa
T : temperature, C
X ' quality
Subscripts
e . evaporation
exp . experimental
i ! inner
in : inlet
o . outer
re ' refrigerant
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sat : saturation
w . tube wall

.M 8

A 74X = CFCAY tAE 2 vl g8 3o
U HFCA Wui7t A= gloy HFCA Wdi=
71 dollA EeF FMol s ZaEo AFH 54
2Ae P48e Aoz nugn gt

ueha A2o] MEEE AdE AT FAFE
o352 FodA EAo] §li, stdAe] glon
7129 Jrje} d9Ed Aol wkof gt o]
Hg #HAA 71E9 el thidle ODP(Ozone
Depletion Potential)$} GWP(Global Warming
Potential) 7} 0% Ad4wle] 4% 9 ol AA
W) E AgstE Aladd #F A7 Bol 13
Ha o AdY2As $EYOKNH,), B3
AA(ZER, B& F), oA EA(CO), ANy,
d&(He), E(MH0), 371 5°] Ut ol FolA =
2% Re 59 galeid s gol X, A

b

_11_



AQYe) Z2He o1§F FHA B

go] Ay, o 1 352 #8649 &2 &%
HIZNA = A dEel fES AN
5 OE MAFZE g5 g@3lFaA
Yo o] Apgo] 7%4 ZAH g} a8y AT £
d3l ZAE AZEA AREOER 2413 AF)
G vBgad yuo Aol AFFHoz HAES
T Yt = S WA AL @i B
o} Fx o] AwkAQ CFCA Wdle dw o
oz 7taAd o3 Ede e AY YE Ao
2 m&,ﬁt}z 4)'
gsteaAd Wuiel T2 IHR-290)8 FLEAY
o B3 FY dTE AHRY ¢4 Wen 7L
R-290, R-600 ¥ R-290/R-600 Eg ol g 4
Ag 484 R-134a B0 48 4G 54
o, olg o83 M2 AL AANIHA
th. Jung $9& AIYEAAY R-290, R-600a,
R-600 Wl & ALg3te siulg Ao s I+
g A3, o) 2 Yule 4EA3Y Ft9 $A
ﬁiﬁ 5 949 A4E 371392 89t Cho 57
< 5 mm HE#HY R-32/R-290 EFYul e A&
o e FLAAY EAd i 4¥H °ﬂ¥e %
8 R-329] EFwigo] F/HELE R-2009
gadduiol nls) %7t /130 Rustgoh 19}
e Fgo A7 0 RE 5 mm olAe] B
7ol ek Ao 5 mm o5te) Ad FLdAE
T A7 vEH dAHolt 53 R-290&
g &3ieadA dulg A3 FEERG v X
v B4 Y 9 dAdg A8 g d3E o
3]

5} 24 Ayl R-290
T8I 227 F
LZL ARE AFstad se
ol A3 R-2908 EHZE MR 7—1{&
ERA 7t ditH e H{7ME

R-290 Wuj o] S&3H Fof %%ﬂ% %"
of Cﬂﬁﬂf‘% AgHog 3AYT

2. AEEX o Y

Fig. 1~ 2 974A Add A3AAE YEhd
Zolth, AERAE A mavg 7B Z(@)%
é%%%ﬂl @), ¥i#F =22EROQ), FudV
(@), AL71(®), Aol S2(@), ABF@), B
Z283(), +571(=E 745 A

39719 29% 540 ¥

&

:’.L

9

FTm TR

~——|I

7

I g

©

8

2.Flow meter

5.Preheater

8.Precise manometer
11.Condenser

3.Regulator valve
6.8ight glass
9.0C power supply

1.Pump

4.Heat exchanger

7.Evaporator
10.Sub tank

Fig. 1 Schematic diagram of experimental apparatus
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Table 1 Specification of small diameter tubes

D;, [mm] Do, [mm] L, [mm]
1.0 2.0 1,000
4.0 5.0 4,000

Table 2 Test range of experiment

Gre, [KW/m?] 12, 24
Gre, [kg/m’s] 150, 300
Te,sat, [OC] 15

Table 3 Parameters and estimated uncertainties

T, [C] + 01C

P, [kPa] £ 0.3kPa

M, [kg/s] + 2%

Q, [kW] + 3%

h, [kW/m'K] + 97
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Fig. 2 Comparison between local evaporation heat
transfer coefficients hexp with mass flux and heat
mass for R-290
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Fig. 3 Variation of circumferential evaporation heat
transfer coefficients hexp to quality x for inner

diameter tube of 4 mm
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Fig. 4 Comparison of local evaporation heat
transfer coefficients hex, of R-290 with R-134a
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