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Abstract - In this study, condensation heat transfer coefficients of R-134a inside a vertical helical coiled tube are 
experimentally investigated. The inner tubes comprise of one smooth straight tube, and one vertical helical coiled tube. The 
experimental measurements are carried out at saturation temperature of 35o, with mass flux of 115, 156 and 191 kg m-2s-1. 
The effect of mass flux, and vapor quality of R-134a on the heat transfer coefficients are examined. Comparisons between 
smooth straight tube, and vertical helical coiled tube are also discussed. The results show that the vertical helical coiled tube 
produces a higher heat transfer coefficient compared to smooth straight tube.  
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I. INTRODUCTION 
 
The condenser is an essential part of any refrigeration 
and air conditioning unit which condenses a 
substance from its gaseous to liquid state by 
removing the latent heat. Nowadays, the effective 
design of the condenser is the important for the 
industries to obtain a maximum heat transfer. As such 
as, helical coiled tube have been widely used to 
enhance the heat transfer by producing centrifugal 
effect on the flow inside the tube [1] . Nevertheless, 
A number of literature has been studied on two phase 
flow in smooth round tube [2]. Dobson and Chato [3] 
reported the experimental heat transfer coefficient 
data with refrigerants R22, R134a, R410A, R32/R125 
(60/40% by mass) inside smooth round horizontal 
tubes with inner diameters ranging from 3.14 to 7.04 
mm. Cavallini et al. [4] experimentally measured the 
heat transfer coefficient and pressure drop of pure 
HFC refrigerants (R134a, R125, R236ea, R32) and 
the nearly azeotropic HFC refrigerant blend R410A 
inside a smooth tube of diameter 8 mm at saturation 
temperature in the range between 30oC and 50oC 
with mass velocities varying from 100 to 750 kg m-2 
s-1. 
 
Besides, a few research work have been performed on 
the heat transfer and pressure drop characteristics 
inside helical coiled tube. Kang [5] carried out the 
experimental study of heat transfers and pressure 
drops data of R-134a inside long helical coil tube. 
The results revealed that the overall heat transfer 
coefficient raised with increase of the water mass 
flux. Yu et al. [6] conducted an experimental 
investigation of heat transfer of R-134a during 
condensation inside horizontal, inclined and vertical 
helical tube at refrigerant mass flux from 100 to 400 
kg m-2s-1, cooling water Reynolds number between 
1500 and 10000. The highest and lowest heat transfer 
coefficient was observed at inclined position and 
vertical position, respectively.  

Wongwises and Polsongkram [7] presented 
experimental studies on two-phase flow condensation 
heat transfer and pressure drop of R-134a inside 
concentric helical coil tube in tube condenser. The 
results showed that the heat transfer coefficient of the 
helical coiled tube were about 33–53% higher than 
that of smooth round tube while pressure drop were 
about 29–46% higher. Shao et al. [8] compared the 
condensation heat transfer coefficient for the helical 
tube with straight tube. The heat transfer coefficients 
of helical tube were found to 4-13.8% higher than 
that of straight tube. Al-Hajeri et al. [9] examined the 
performance of heat transfers and pressure drops of 
R-134a inside annular helical tubes. The results 
showed that the heat transfer coefficients of the 
refrigerant-side rise with increase of the refrigerant 
mass flux and decline with increase of the saturation 
temperature of refrigerant. Gupta et al. [10] 
determined the effect of mass flux, vapor quality and 
saturation temperature on the heat transfer 
coefficients and pressure drop of R-134a inside 
horizontal helical coiled tube-in-shell type heat 
exchanger. The heat transfer coefficient and pressure 
drop of refrigerant increase with rise of mass flux and 
vapor quality and decrease with increase of the 
saturation temperature.  
 
However, to the best our knowledge from the above 
mentioned literature, most of the research works have 
been done on single phase flow inside smooth helical 
coiled tube. But, any research work on two phase 
flow inside the vertical helical coiled tube-in-shell 
type heat exchanger during condensation of R134a 
has not been reported. In this study, the condensation 
heat transfer coefficients of R134a inside vertical 
helical coiled tube-in-shell have been examined. In 
addition, results obtained from vertical helical coiled 
tube are compared with those for the smooth straight 
tube. 
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II. EXPERIMENTAL SET-UP AND 
PROCEDURE 
 
The simplified schematic diagram of the experimental 
set-up was depicted in fig 1. The main components of 
experimental set-up was composed of a pre-heater, 
test-condenser, post-condenser, three refrigerant 
magnetic gear pumps, coriolis mass flow meter and 
data acquisition system. The test section was 
connected to post condenser, where two phase quality 
of refrigerant coming from test section was sub-
cooled to a liquid state by extracting heat to cold 
water circulated from the condensing unit. The 
municipal water was employed for cooling purpose 
which was circulated inside the shell of the test-
section. The flow rate of the cooling water was 
regulated by a manually valve. The temperature of 
water inside the test-section was controlled by variac 

of 2 kW capacity. A slight glass after the post-
condenser was placed to ensure the continuous 
liquidity of refrigerant before entering the three 
magnetic gear pump connected side by side. The flow 
rate of refrigerant was monitored by operating the 
speed of the magnetic gear pump through frequency 
inverter. The coriolis mass flow meter followed by 
magnetic gear pump was accommodated to measure 
the refrigerant flow rate. In order to control the vapor 
quality at the inlet of the test condenser, an 
appropriate pre-heater was designed from a 6 m long 
U-bend stainless steel tube. By supplying high current 
and low voltage through step down auto transformer, 
liquid refrigerant was evaporated by heating the tube. 
A standard filter-drier was incorporated following the 
pre-heater to remove any foreign particles and 
moisture in refrigerant loop. 

 

 
Fig.1 Schematic diagram of experimental 

 
A number of hand shut-off valves were facilitated to 
provide facile installation of a component in the 
apparatus.The test section was a counter flow vertical 
helical coiled tube in shell type heat exchanger in 
which the refrigerant flowing inside the inner tube 
from upward to downward extracts the heat to the 
cooling water flowing the opposite direction to 
refrigerant flow inside the shell. Details of the inner 
tubes are given in Table1. The T-type thermocouples 
were located to measure the refrigerant temperature at 
the inlet of the pre-heater, inlet and outlet of the test-
section. The outer wall temperature of the helical 
coiled tube was also measured with T-type 
thermocouple at six positions. In each position, four 
thermocouple were placed 90o apart over the top, 
bottom and two sides. The thermocouples were 
calibrated in the operating temperature range of -
10oC to 70oC with an accuracy of ±0.1oC of full 

scale. The pressure Transducers with accuracy 0.25% 
were utilized to measure the refrigerant pressure at 
the inlet and outlet of the test-section and at the 
entrance of the pre-heater. Also Pressure drop 
between the test-section was measured by a 
differential pressure drop transducer. The coriolis 
flow meter with an accuracy of 0.1% was employed 
to measure the refrigerant mass flow rate. The water 
flow rate in annulus tube was measured by a turbine 
flow meter. The turbine flow meter has an accuracy 
of 1% of the full scale. All thermocouple and pressure 
transducer signal was transferred to the multichannel 
data acquisition system with PXI controller. The 
steady state condition was assumed when reading of 
temperatures, pressure and mass flow rate remain 
constant for at least 20 min. The details of the 
experimental condition, Table 2. 
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Table 1Dimension of inner tubes 
Parameter Smooth straight tube Vertical helical 

coiled tube 
Outer diameter of tube, mm 8.92 8.92 
Inner diameter of tube, mm 9.52 9.52 
length of tube, mm 1000 2200 
Inside tube area, mm2 26156 57543 
Coil mean diameter, mm - 110 
Coil pitch, mm - 25 
Number of turns - 6 
 

Table 2 Experimental parameters 
Parameter Range 
Refrigerant R-134a 
Average saturation temperature (oC) 35 
Mass flux (kg m-2s-1) 115,156,191 
Inner tube material copper 
Heat flux (kW m-2) 1.67 - 11.34 
Vapor quality 0.1- 0.8 
 
III. DATA REDUCTION 
 
The data reduction analysis is employed to evaluate 
the average heat transfer coefficient and the average 
frictional gradient during an experiment at steady 
state conditions. For calculating the thermo-physical 
properties of R-134a, REFPROF-9 [11]is utilized. 
The average heat transfer coefficient (havg) is obtained 
by the following equation: 
h = (  )(1) 
Where, Qw, Tsat, Ai and Twi are the heat transfer rate 
inside the test-section from tube to flowing water, 
saturation temperature of refrigerant corresponding to 
the average pressure of the test section at the inlet and 
outlet, inner surface area on tube and average inner 
wall surface temperature of the tube, respectively. 
The average inner wall surface temperature of the 
tube is given by 

T =  T +
Q ln

2πKL                      (2) 

Where, Two, Do, Di, K and L are the average 
temperature of outside tube wall, outer diameter of 
the tube, inner diameter of the tube, thermal 
conductivity of the copper and length of the tube, 
respectively. The heat transfer rate (Qw) is determined 
from: 
Q  =  ṁ C T , − T ,                   (3) 
Where, ṁ , Cpw,Tw,out and Tw,in are the mass flow rate 
of water inside the test section, specific heat of water, 
water temperature at outlet of test section and water 
temperature at inlet of test section, respectively. 
The average vapor quality of the refrigerant is 
calculated by the arithmetic mean of vapor quality at 
inlet and outlet of the test section which can be 
defined as following equation: 
 
x , =  ,  ,                          (4) 
 

Where, (x ) and  (x ) are the vapor quality of at 
inlet (x ) and outlet (x ) of the test section the test 
section, respectively. 
 
IV. RESULT AND DISCUSSION 
 
Firstly, as shown in Fig. 2, the experimental heat 
transfer coefficient of smooth straight tube were 
compared with the data predicted by the renowned 
correlation given by Dobson &Chato   [3] and Shah 
[12]. It is apparently seen that the data are well 
predicted by Dobson and Chato [3], followed by Shah 
[12] correlations within ±30% error band. Based on 
these experimental results, this is confirmed that the 
test facility are reliable for coming analysis. 
 

 
Fig. 2. Comparison of two-phase heat transfer coefficient data 

of smooth straight tube with existing correlation 
 

From Fig. 3, the effect of mass flux, and vapor 
quality on the average heat transfer coefficient inside 
a smooth straight tube and vertical helical coiled tube 
are illustrated. It can be seen that the average heat 
transfer coefficient increased with the rise of the 
vapor quality and mass flux. This is because, as vapor 
quality increases, the thickness of liquid film 
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becomes thinner, which leads to decrease in thermal 
resistance. So, heat transfer coefficient is increased. 
In addition, the mass flux has a remarkable influence 
on the heat transfer coefficient. The mass flux 
enhances the flow velocity which increases the 
shearing effect between the layer of vapor and liquid 
and causes the more entrainment of droplets. As a 
result, the average heat transfer coefficient is 
increased. 
 

 
Fig. 3. Effect of mass flux and vapor quality on the 

condensation heat transfer coefficients in (a) smooth straight 
tube (b) vertical helical coiled tube. 

 
Fig. 4 displays the comparison of average heat 
transfer coefficient data of a vertical helical coiled 
tube with a smooth straight tube at saturation 
temperature of 35oC with the mass flux of 115, and 
191 kg m-2s-1. It can be seen that vertical helical 
coiled tube gives higher heat transfer coefficient 
compared to smooth straight tube in the percentage of 
14-31% at 115 kg m-2s-1 and 15-23% at 191 kg m-2s-1, 
respectively. This is because, helical coiled tube 
yields the centrifugal effect on two-phase flow and 
produces secondary flow which effects the flow of 
vapor and liquid film. As vapor quality increases, the 
vapor velocity rises, consequently, secondary flow 
becomes stronger. The vapor flowing from center 
core of the tube pushes the liquid film flowing from 
the outer to inner tube wall, hence, vapor flows at 

center core of tube again. These produces a chaotic 
waves on the liquid film and more liquid entrainment, 
thereby, heat transfer surface area increases. As a 
results, the heat transfer mechanism of helical coiled 
was found to be different from that of straight tube. 
The similar behaviors for smooth helical coiled tube 
were reported by Wongwises and Polsongkram[7], 
previously.  

 
Fig. 4. Comparison of heat transfer coefficient for tubes at 

different mass flux. 
 
CONCLUSIONS 
 
In present study, the effect of vapor quality and mass 
flux (115,156 and 191 kg m-2s-1) on heat transfer 
coefficient in the smooth straight tube and vertical 
helical coiled tube have been analyzed. The average 
heat transfer coefficients of smooth straight tube and 
vertical helical coiled tube increase when vapor 
quality and mass flux increase with a given saturation 
temperature. The vertical helical coiled tube gives 
higher heat transfer coefficient compared to smooth 
straight tube in the percentage of 14-31% at 115 kg 
m-2s-1 and 15-23% at 191 kg m-2s-1, respectively. 
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