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Condensation Heat Transfer and Pressure Drop Characteristics of Alternative Refrigerant
Flowing Through Flat Tubes with Various Aspect Raios
ABSTRACT
Abstract
The condensation heat transfer and pressure drop characteristics of R134a flowing in a
circular tube and 3 flattened copper tubes are investigated. The flattened tubes were made
from round tubes with a 3.5 mm inner diameter. The tested tube configurations were as
follows: a circular tube with a 3.5 mm inner diameter; flattened tube with a 0.72 aspect
ratio (FT1); flattened tube with a 3.5 aspect ratio (FT2); and flattened tube with a 7.2
aspect ratio (FT3). The experimental ranges covered a mass flux of 300-900 kg/m?s, heat
flux of 10-50 KW/m?, inlet quality of 0.1-0.9, and saturation pressure of 8-12 bars. The
flow pattern map was initially investigated by comparing it with existing well-known flow
pattern maps. Except for some of the results obtained from FT1, most of the experimental
data for all of the tested tubes fell into the categories of semiannular and annular flow
patterns. For heat transfer, the condensation heat transfer coefficient increased with
increasing mass flux, heat flux, and vapor quality. The heat transfer coefficients of the
flattened tubes were higher than that of the circular tube, around 5-10%, 10-50%, and
200-400% for FT1, FT2, and FT3, respectively. The existing correlations for predicting
the heat transfer coefficient were not successful for the flattened tubes. The new correlation
was proposed for practical applications. For pressure drop, the frictional pressure gradient
increased with increasing mass flux and heat flux and dlightly increases with decreasing of
saturation pressure.
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	The value of the constant, C, proposed by Chisholm (1973) varying from 5 to 20, depends on the flow conditions of the vapour and liquid. The relationships of the two-phase multiplier with the Martinelli parameter are plotted in Fig. U4.13U. As shown i...
	(4-3)
	where X is the Lockhart-Martinelli parameter, Re is Reynolds number and β is the aspect ratio.
	Comparison of the predicted frictional pressure gradient with the experimental data is shown in Fig. U4-14U. That figure shows that more than  95% of the measured data obtained from the present study fall within ±30% of the proposed correlation.
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	Nomenclature
	A area (mP2P)
	CRp R specific heat at constant pressure (kJ/ kg K)
	DRhR hydraulic diameter (m)
	G mass flux (kg/ mP2P s)
	h heat transfer coefficient (W/ mP2P K)
	H tube high (m)
	i  enthalpy (kJ/ kg)
	k thermal conductivity (W/ m K)
	LMTD log mean temperature difference (PoPC)
	m  mass flow rate (kg/ s)
	N  number of thermocouples
	n number of channels
	P pressure (kPa)
	P wetted perimeter (m)
	Q  heat transfer rate (kW)
	T temperature (˚C)
	U overall heat transfer coefficient (W/mP2PK)
	W tube wide (m)
	Greek letters
	( aspect ratio
	Subscripts
	avg  average
	i inner
	in  inlet
	o outter
	out  outlet
	ref  refrigerant
	w water
	1. Introduction
	2. Experimental apparatus and method
	The schematic diagram of the experimental apparatus is shown in Fig. 1. The main component consisted of the test section, refrigerant loop, cooling water loop, subcooling water loop and data acquisition system

	3. Data reduction
	4.1 Flow pattern map
	4.2 Average heat transfer coefficient
	According to the details of the test sections and test conditions, as presented in Tables 2 and 3, respectively, the tested tube configurations were as follows: a circular tube with a 4.5 mm inner diameter; flattened tube with a 0.72 aspect ratio (FT1...
	4.3 Comparison of experimental data with existing correlations
	In this section, the present heat transfer coefficient is compared to that predicted by the existing correlations. Unfortunately, no existing heat transfer correlations were available for flat tubes. However, the 6 most well-known correlations, which ...
	4.4 Proposed new heat transfer correlation
	5. Conclusion
	Experiments were performed with a circular tube and 3 flattened tubes. All test sections were counterflow heat exchangers with refrigerant flowing inside the tested tubes while cooling water flowed outside. The tested tube configurations were as follo...
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