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Abstract

This paper presents the analysis and test results of hydrocarbon
refrigerants, R-290 and R-600a , as a substitute R-134a in horizontal
smooth tubes. For the purpose, a basic refrigeration system was
designed and manufactured. A horizontal double-pipe counterflow
heat exchanger with a length of 5000 mm consists of two types of
inner smooth tubes( 84 mm ID and 953 mm OD, 1007 mm ID and
1207 mm OD). It divided into seven test sections and two
subcooling sections were used for the test section. The refrigerants,
R-134a, R-290, and R-600a, were cooled by a coolant circulated in a
surrounding annulus. For the range of parameters, the condensing
temperature was varied from 30 50 with the vapor quality from
1 0. All refrigerants, R-134a, R-290, and R-600a, were tested over

the same range of the parameter.



The main results were summarized as follows;

The first, in the overheating vapor section, the refrigerant of R-290
is more influenced by the wall temperrature of tubes than the
others. The second, among the average heat transfer coefficients
R-290 and R-600a were greater than R-134a beyond 30%. T he third,
if R-290 and R-600a, considered the capacity of the average heat
transfer coefficients, are substituted for R-134a, we can design a
littler more compact condenser. The fourth, in the case of comparing
the condensing heat transfer coefficients for each refrigerant with
several correlations, all correlations agree with our experimental
values wihtin 30%. And Haraguchi' correlation and
Cavallini- Zecchin' correlation were most similar to our experimental

values.
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Table 1 Range of the experimental conditions

Range
R-134a | R-290 | R-600a

Parameters

Refrigerant flow rate
(kg/h)

Condensing temperature
(K)

Vapor quality 10 0| 10 0|10 0

Degree of superheating | O 510 5|0 15

20 80 | 20 80| 5 40

Degree of subcooling 0 5|0 5|0 15
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3.2

Fig. 34
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Fig. 34 Comparison of average heat transfer coefficients among

the refrigerants mass velocity .
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33.1
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90< G, ,<400, 0.9>x>0.1, 3<q, <33, 2.5<Pr,<4.5

2 4 o GaPr, 10
2x10°<Regx2x10", 4.8X10 S—H <9.5x10
I

0<X <1, 3x10°<Re<3x 10*
3.3.2
Traviss Cavallini- Zecchin
Haraguchi R-134a, R-290, R-600a

Fig. 35 - Fig. 3.10
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Fig. 35, 36 R-134a
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. Fig. 36 ,
12.07 mm
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Fig. 3.7, 38 R-290
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Fig. 35 Comparison of the heat transfer coefficients with existing

correlations for R-134a (in case of low mass velocity)
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Fig. 3.6 Comparison of the heat transfer coefficients with existing

correlations for R-134a (in case of high mass velocity)
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Fig. 3.7 Comparison of the heat transfer coefficients with existing

correlations for R-290 (in case of low mass velocity)
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Fig. 3.8 Comparison of the heat transfer coefficients with existing

correlations for R-290 (in case of high mass velocity)
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Fig. 3.9 Comparison of the heat transfer coefficients with existing

correlations for R-600a (in case of low mass velocity)
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Fig. 3.10 Comparison of the heat transfer coefficients with existing

correlations for R-600a (in case of high mass velocity)
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