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COMPREHENSIVE PERFORMANCE ANALYSIS OF TWO 

INTERNAL THREADED TUBE AND DIFFERENT HELICAL 

ANGLE FINS HEAT-EXCHANGE FACILITY 

Ao SHEN1, Daoming SHEN2*, Chao GUI3, Jinhong XIA4, Songtao XUE5 

Two types of internal threaded tubes with the same fin base diameter and 

different fin helical angle were analyzed through heat transfer experimentation of 

flow condensing. In the paper, heat transfer ratio and heat transfer temperature 

difference, together with pressure drop and friction factor were utilized to evaluate 

the heat transfer performance and flow power consumption of working medium. 

Consequently, the per unit pressure drop of heat transfer ratio and entropy 

production were utilized to study the energy quality loss as well as the 

comprehensive performance of interchanger throughout heat transfer. Entropy 

increase mainly represented the irreversible loss throughout heat transfer, which 

was positively correlated to the thermal transmission temperature difference. 

Therefore, the thermal transmission entropy in the system also decreased as the 

saturation temperature decreased, while the Reynolds number and spiral angle of 

fins increased. 

Key words: Internal threaded tube; Thermal transmission temperature difference; 

Friction factor; Unit pressure drop heat transfer ratio; Entropy 

production. 

1. Introduction 

Internal threaded tube heat-exchange facility has been widely put into 

service in air conditioning and refrigeration field, on account of the corresponding 

high heat transfer efficiency. As an example, for various finned tube 

heat-exchange facility uses, micro-finned heat-exchange facility were applied to 

enhance the heat transfer efficiency of working substances in tubes. Also, 

double-side enhanced tubes are utilized in shell-tube heat-exchange facility, in 
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addition to updating the structure of aluminum fins to enhance air-side heat 

transfer. The research on the impact mechanism of surface strengthening structure 

on heat transfer performance is quite important for heat transfer performance 

improvement and new heat-exchange facility development. 

In addition to the heat transfer enhancement mechanism study of enhanced 

tubes, the comprehensive performance evaluation of heat-exchange facility tubes 

could also indirectly make the overall performance of heat exchanger better   

through the best suitable tube type selection, depending on actual needs. When 

heat-exchange facility are evaluated, many aspects are often involved: thermal 

performance (heat transfer and resistance), economy and operation safety of heat 

exchanger, while no index exists to achieve the evaluation significance of all 

heat-exchanging unit. Therefore, various evaluation indicators are required to be 

selected for different purposes[1]. 

In the researches on the thermal transmission problem and heat transfer 

enhancement of the thin tube, in microchannel and smooth microchannel tube, the 

pressure drop characteristics of R134a was looked into by Ammar et al.[2]. The 

results show that: in microchannel and smooth microchannel tube, pressure drop 

gradient is 80 kPa/m and 52 kPa/m respectively when the cross-section mass flux 

is 2650 kg/(m·s). For smooth microchannel tube with a hydraulic semidiameter of 

0.48~0.508 mm, the heat transfer characteristics was analyzed by Chien et al.[3]. 

It was manifested that the heat transfer ratio in the tube diminished with the 

decrement of the pipe diameter at a cross-section velocity of 2100 kg/(m·s). With 

regard to microchannel with "V" wing and hydraulic diameter of 1.5mm, Alneama 

et al.[4] studied the heat transfer performance. The results show that heat transfer 

coefficient of "V" wing microchannel was about 1.13 times of that of smooth 

microchannel, and the resistance pressure drop was about 2.5 times of that of 

smooth microchannel. Lotfi et al.[5] discussed the thermal performance of the 

vortex generator fins with delta wing, triangular folded plate and conical crest. 

The Nu of the folded plate vortex generator fins is about 1.4 times that of the 

ordinary flat fins, while the friction factor of the folded plate vortex generator fins 

is only slightly increased. 

Many single indicators exist to characterize heat transfer performance and 

resistance power consumption, such as heat transfer coefficient, heat transfer 

temperature difference, Nusselt number, pressure drop, friction factor and pump 

power. Still, for most heat-exchange facilitys, the enhancement of heat 

transmission effect is usually accompanied by the working medium power 

consumption increase[6]. For this reason, certain scholars[7-16] proposed to 

utilize per unit pressure drop of heat transfer ratio (K/P) and Nusselt number per 

unit resistance factor (Nu/f), to assess the comprehensive performance of 

heat-exchange facility. As the research continued, the effective heat transfer 

enhancement technology could not produce a significant improvement of heat 
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transfer at any unit pressure drop, but it could be highly improved under the same 

power consumption. Therefore, (Nu/f)1/3 was proposed as an evaluation index of 

heat transfer at the same power consumption.  

On account of the second law of thermodynamics, Bejan[17] proposed that 

the generation of entropy could be made use of to evaluate the heat transfer 

quality and irreversibility of thermal transmission in a heat-exchange facility. The 

entropy generation of heat-exchange facility mainly included the generation of 

entropy brought about by fluid flow and heat transfer temperature difference. Lai 

X, et al.[18] utilized the total entropy increment rate to evaluate the 

comprehensive performance of the flower plate and baffle plate heat-exchange 

facilitys, fully considering the temperature difference heat transfer loss and flow 

resistance loss. It was deduced that the total entropy increment rate changed with 

the shell-side fluid velocity, which provided a direction for the heat-exchange 

facility optimization. On the basis of the deficiency of exergy efficiency and 

dimensionless entropy yield in practical applications, Wu S, et al.[19] proposed a 

new thermodynamic performance evaluation index of heat-exchange facility, 

dimensionless entropy yield, which not only had a clear physical meaning, but it 

also had a broader scope of application. Wang S, et al.[20] deduced that the 

existing pyrolysis theory only considered the influence of heat transfer quantity or 

temperature difference of the heat-exchange facility, without pressure drop or 

pump power consideration. Therefore, for the sake of characterize the thermal 

transmission quantity under unit pressure drop and unit pump power, a new 

pyrolysis evaluation index EPEC was proposed.  

In this paper, with regard to R134a flow condensation heat transfer 

experiments were carried out on an existing experimental bench, while two types 

of internal threaded tubes with the same fin base diameter and different fin helical 

angles were analyzed. Firstly, heat transfer ratio, pressure drop, thermal 

transmission temperature difference and friction factor were utilized to evaluate 

the flow power consumption and thermal transmission performance of 

heat-exchange facility. Following, on the basis of the first law and second law of 

thermodynamics, entropy production and per unit pressure drop of thermal 

transmission ratio were utilized to evaluate the comprehensive performance of 

heat-exchange facility, while the effects of experimental variables on each index 

were analyzed. Simultaneously, data support and theoretical basis were improved 

for the heat-exchange facility selection. 

2. Experimental equipment 

For the sake of flow condensation thermal transmission in tube, the 

schematic diagram of the measurement platform is presented in Fig. 1. In general, 

all equipment in the system served to provide an experimental simulation 
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environment for heat-exchange facility tubes. Preheater, superheater, condenser, 

supercooler and cryogenic source together, maintained the energy conservation in 

the system. 

 
Fig.1 Schematic diagram of experimental system 

 

A tube heat-exchange facility is acted as the experimental test section. 

Refrigerant flowed in the tube (red arrow pointing), while chilled water flowed in 

the annular channel (blue arrow pointing), as presented in Fig. 2. 

 
Fig.2  Experimental test section schematic diagram 

 

Two inner threaded tubes of 7.00 mm in outer diameter were selected as 

the test tubes. Except for the different spiral angles of fins, the other structural 

parameters were the same: rib height of 0.2 mm, pitch of 0.4 mm, groove width of 

0.2 mm, tooth apex angle of 27o and rib number of 50. 

3. Experimental treatment 

Heat transfer in experimental section Q
.

test : 

( )
postpreprerpostrrtest QQhhmQ  −−−= ,,  

(1) 

where rm  is mass flow rate of working medium, for the purpose to 

measure the circulating flow velocity of working medium, DMF-1 mass 

flowmeter was selected, its measurement range was 0-100 kg/h and the 

measurement accuracy was ±0.5%. hr,pre/hr,post are the enthalpy values at the outlet 

and inlet of the preheating section, kJ/kg, respectively. Because the working fluid 

was in liquid/gas phase at this time, the enthalpy could be calculated through 

temperature and pressure measurements. CYYZ11 pressure transmitter was put to 

chilled water 

 refrigerant 
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use to survey working fluid pressure in the experiment. The corresponding 

measuring range was 0-42 bar and the measurement accuracy level was 0.1. Pt100 

platinum resistance was selected to measure the working medium temperature. 

The corresponding range was 0~100 oC and the measurement accuracy was ±0.5 

oC. Q
.

pre is the electric heating quantity in the preheating section, which is 

calculated from the applied voltage (Vpre) and current (Ipre), as: 

preprepre IVQ =
 

(2) 

Q
.

past is the electric heating quantity in the superheated section, which is 

also calculated by the applied voltage (Vpast) and current (Ipast), as: 

postpostpost IVQ =
 

(3) 

For the sake of ensure the precision of wall temperature measurement, the 

wall temperature was measured in all four directions at the same location, while 

the average value of four thermocouples was selected as the reference value of 

wall temperature, as presented in Fig. 3. 

 
Fig.3 Schematic diagram of wall temperature measurement 

 

Four locations existed along the tube axis and four thermocouples were 

arranged in the circumference of each location. The average value of 16 

thermocouples was selected as the wall temperature calculation value, for the heat 

transfer temperature difference to be obtained as: 


=

=
16

116

1

i

iwall TT

 

(4) 

 

satwall TTT −=
 

(5) 

Heat transfer coefficient in tube hr： 

TAQh itestr = /
 

(6) 

where, Ai is the surface area of the heat-exchange facility tube, which is calculated 

directly from the diameter of the fin base of the heat-exchange facility tube, m2. 
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CYY3051 differential pressure transmitter was used to measure the 

pressure drop in the test section. The corresponding range was 0-250 kPa and the 

measurement accuracy was ±0.25 kPa 

4. Verification of Test Platform 

For the sake of confirm the measurement accuracy of the experimental 

platform, single-phase condensation heat transfer experimentation was carried out 

in the heat-exchange facility tube at the first step. The experimental conditions 

were as follows: refrigerant mass flow rate of 65 kg/h, working medium 

temperature at the inlet and outlet of heat-exchange facility tube of 30±0.5 oC 

/15±0.5 oC and the supercooling temperature of heat-exchange facility tube was 

3±0.5 oC /18±0.5 oC. 

According to the experimental results, the accuracy of wall temperature 

measurement was verified. It was assumed that the liquid temperature in the tube 

decreased linearly along the axis. The results demonstrated that the fluctuation 

ranges of wall temperature measurements at four locations were 1.2 oC, 1.4 oC, 

1.5 oC, 0.85 oC, respectively. In single-phase experimentation, the difference of 

heat transfer temperature was below 3.5±0.3 oC. A small measurement deviation 

could confirm the high accuracy of each thermocouple, as presented in Fig. 4. 

 
Fig.4 Measurement accuracy of tube wall temperature 

 

In addition, for further check the wall temperature measurements, the 

liquid phase working fluid temperature and wall temperature at corresponding 

locations were calculated. Equation (6) was utilized to work out the heat transfer 

ratio in the tube, while Gnielinski correlation [21] was utilized to predict the heat 

transfer characteristics. The calculated values of the correlation were compared to 

the thermal transmission ratio experimental values. The results demonstrated that 

the average errors among the experimental values of thermal transmission ratio 

and the calculated values of correlation equation were 3.5%, 4.2%, 8.5% and 

6.8%, respectively. With reference to the research of other scholars[22], the 

https://fanyi.baidu.com/#en/zh/confirm
https://fanyi.baidu.com/#en/zh/work out
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prediction errors within ±10% were sufficient to verify the accuracy of wall 

temperature measurements. 

5. Analysis of experimental data 

Firstly, heat transfer efficiency of heat-exchange facility tube was based 

on thermal transmission ratio and temperature difference of heat-exchange 

facility. Pressure drop and friction factor were the indices of working fluid flow 

power consumption. The effects of experimental variables (mainly including 

Reynolds number Re, saturation temperature, rib structure parameters) on heat 

transfer efficiency and power consumption of fluid flow in heat-exchange facility 

tubes were analyzed. Subsequently, the overall performance of heat-exchange 

facility tube was evaluated through unit pressure drop heat transfer coefficient 

HHP, while the energy loss in heat exchange process was analyzed through the 

system entropy increase. 

5.1 Heat transfer characteristics 

Under the same experimental conditions and thermal transmission 

requirements, the heat transfer coefficient was negatively correlated to the heat 

transfer temperature difference, signifying that the better the heat transfer 

performances of heat-exchange facility tubes were, the smaller the heat transfer 

temperature differences were. Therefore, when the influence of experimental 

variables on heat transfer performance was analyzed, the heat transfer temperature 

difference could also indirectly characterize the thermal transmission effects of 

heat-exchange facility tubes. 

Reynolds number Re acted in the same way as saturation temperature did, 

which changed the heat transfer performance by affecting the physical properties 

of refrigerants. However, the larger the Reynolds number of cooling water was, 

the smaller the temperature gradient between the pipe wall and the working fluid 

was. This meant that the working fluid film temperature was closer to the 

saturation temperature. Consequently, the Re increase of cooling water and 

saturation temperature increase produced the same influence on heat transmission 

performance of heat-exchange facility tubes. 

The liquid thermal conductivity of R134a decreased as the saturation 

temperature will be ascended. The fluid density was negatively correlated to 

temperature, while the gas density was positively correlated to temperature. 

Therefore, the heat transfer coefficient HR increased as the saturation temperature 

and Reynolds number Re decreased, but the temperature difference T was 

positively correlated to the saturation temperature and negatively correlated to the 

Reynolds number Re. This occurred because the reduction of Reynolds number 

resulted in a weakening of the total heat transfer coefficient compared to the 

enhancement of the total thermal transmission ratio caused by the increase of the 
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heat transfer coefficient in the tube. Therefore, the total thermal transmission ratio 

decreased as the Reynolds number downsized, resulting in the lower Reynolds 

number and the higher difference of heat transfer temperature, as presented in Fig. 

5 (a) and (b). 

      
(a) Reynolds number Re               (b) Saturation temperature                

 
(c) Structural parameters of ribs 

Fig.5 Influence of experimental variables on heat transfer performance 

 

The fins in the tube mainly enhanced the heat transfer effect through the 

turbulence increase of working fluid in the tube. The higher the spiral angles of 

the fins were, the higher the heights of the fins were. Also, the higher number of 

fins and the lower tip angle of the teeth would directly enhance the disturbance of 

the fins to the fluid, consequently enhancing the heat transfer effect. 

Fig. 5 (c) presents that under the same heat transfer requirements, the 

temperature difference of 28o helical angle heat-exchange facility tube was 

approximately 0.36~1.92 lower than the 18o helical angle heat-exchange facility 

tube, which directly proved that the 28o helical angle heat-exchange facility tube 

had better heat transfer coefficient than the 18o helical angle heat-exchange 

facility tube. 

The flow pressure drop of working agent in pipe is mainly composed of 

friction drop of pressure and accelerated pressure drop between pipe wall and 

working agent, the latter is mainly caused by the change of working fluid gas 
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content. In the experiments, the outlet and inlet conditions of heat-exchange 

facility tube remained constant, while the accelerated drop of pressure was mainly 

caused by the increase of thermal transmission (equal to the increase of mass flow 

rate of working substance). 

With reference to Hirose M. et al.[23], for horizontal heat-exchange 

facility tubes, the accelerated pressure drop accounted for approximately 15% of 

the sum pressure drop of the working agent flow. Therefore, the friction factor f 

could be directly used to characterize the pressure drop in tubes, through influence 

analysis of experimental variables on the aggregate pressure drop in the tubes. 

Subsequently, the effects of experimental variables on the friction factor  f  and 

pressure drop were similar. 

For intensified tubes, since the disturbance of fins led the flow of 

two-phase flow to become more complex, while no formula existed for the 

friction factor F calculation with relatively high accuracy, the Chio correlation[24] 

and the total pressure drop of heat-exchange facility tubes were utilized to 

calculate the friction factor, as: 
1554.00951.0Re00506.0 ffotw Kf −=

 
(7) 

where, ftw is the friction factor of two-phase flow ; Refo is Re of total flow 

assumed liquid; Kf is two-phase number. 

totalfric PP = 85.0
 

(8) 

where, Δpfric is pressure drop of the friction; Δptotal is total pressure drop. 

Under the identical thermal transmission requirement, the pressure drop of 

refrigerant flow increased as the Reynolds number (Re) and saturation 

temperature decreased, whereas it increased as the heat transfer increased. 

Reynolds number Re and saturation temperature had the same effect on friction 

factor f as the pressure drop did, but friction factor f decreased as the heat transfer 

increased, as shown in Fig. 6 (a) and (b). 

      
(a) Reynolds number Re      (b) Condensation temperature   
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(c) Structural parameters of ribs 

Fig.6 Influence of experimental variables on pressure drop 

 

Due to the thermal transmission requirement, the heat transfer 

performance of refrigerated water dropped (Reynolds number decrease), while the 

difference of heat transfer temperature must be increased to meet the heat transfer 

requirement. Therefore, the effects of Reynolds number reduction and 

condensation temperature reduction on the working fluid in the tube were the 

same, also affecting the working fluid flow pressure drop through the physical 

characteristics change of the working agent (gas-liquid viscosity & density) in the 

tube. 

Pressure reduction of two-phase streaming in pipe mainly included friction 

pressure reduction among inner wall of pipe and liquid flow , friction pressure 

reduction between inner wall of pipe and gas flow, as well as friction pressure 

reduction between gas-liquid interface and accelerated pressure drop caused by 

change of void fraction of two-phase streaming. The friction pressure reduction 

between the inner wall of the tube and the liquid flow occupied the main position 

in the sum pressure reduction in the experimental operation range (two-phase 

current in the tube was circular current). Therefore, the influence of liquid 

working fluid viscosity on the pressure reduction in the tube was very important. 

While the saturation temperature raised, the liquid viscosity of R134a decreased, 

in the wake of the saturation temperature and Reynolds number decreased, the 

pressure drop will be magnified. The enlargement of thermal transmission 

demonstrated the increase of mass flux of two-phase flow in tube, while the 

pressure reduction increased parabolically with mass flow. Consequently, the 

pressure drop in tube was also positively correlated to the heat transfer. 

Differently from in-pipe pressure drop, the friction factor was negatively 

correlated to heat transfer, because friction factor could only be used to 

characterize the friction pressure drop. Moreover, the proportion of accelerated 

pressure drop in total pressure drop increased as the heat transfer increased 

(increased mass flow). The calculation results demonstrated that as the heat 

transfer increased, the proportion increase of accelerated pressure drop in total 
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pressure drop was higher compared to heat transfer. Therefore, the friction factor 

diminished as the heat transfer performance improves. 

The fins mainly increased the surface roughness of heat-exchange facility 

tubes to produce additional resistance of working fluid flow. The larger the helical 

angle of fins was, the higher the number of ribs per unit length was, and the higher 

the additional resistance to fluid flow was. Therefore, the pressure drop of 28o 

helical angle heat-exchange facility tube was approximately 1.34~5.89 kPa, 

higher compared to 18o helical angle heat-exchange facility tube. The friction 

factor of 28o helical angle heat-exchange facility tube was approximately 

2.62×10-4~7.14×10-4 higher compared to 18o helical angle heat-exchange facility 

tube, as presented in Fig. 6(c). 

5.2 Comprehensive performance evaluation 

Temperature difference/thermal transmission ratio and friction 

factor/pressure drop could only contribute to evaluate the thermal transmission 

characteristics and fluid flow loss of heat-exchange facilitys, but not the 

performance of heat-exchange facilitys in terms of power loss and heat transfer 

characteristics. Therefore, the performance of heat-exchange facility was 

evaluated comprehensively through unit pressure drop thermal transmission 

coefficient HHP and entropy. 

The effect of experimental variables on HHP was essentially the relative 

magnitude of its impact on pressure drop and thermal transmission coefficient. 

The experimental variables could promote both pressure drop and heat transfer 

coefficient. When the effect of experimental variables on heat transfer coefficient 

was higher than on pressure drop, the experimental variables were positively 

correlated to HHP. When the effect of experimental variables on thermal 

transmission coefficient was lower than of pressure drop, the experimental 

variables were negatively correlated to HHP. 

PhHHP r = /  
(9) 

The unit pressure drop heat transfer coefficient HHP increased as the 

Reynolds number, condensation temperature and spiral angle of fins decreased. 

Therefore, the Reynolds number Re decrease, the decrease of condensation 

temperature and the increase of spiral angle of fins had higher effect on thermal 

transmission coefficient than on pressure drop. Also, the influence of 

experimental variables on temperature difference/thermal transmission 

coefficient, pressure drop/friction factor and other indicators was indirectly 

reflected, as presented in Fig. 7. 
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(a)Reynolds number Re                     (b) Saturation temperature  

  
 (c) Structural parameters of ribs 

Fig.7 Influence of experimental variables on heat transfer coefficient per unit pressure drop 

 

Entropy constitutes a state parameter closely related to the second 

thermodynamics law. It is mainly utilized to determine the direction of the actual 

process, whether the process could be conducted or not, or whether the process is 

reversible. On the basis of the second law of thermodynamics, two agents with 

different temperatures conduct thermal transmission through the heat exchange 

wall. Heat could be transferred automatically from the high-temperature agent to 

the low-temperature agent. However, the thermal transmission from the 

low-temperature object to the high-temperature object and the system returning to 

its original state could not be carried out spontaneously, requiring external 

assistance. Therefore, the increase of system entropy could also indicate the 

decrease of energy quality throughout thermal transmission. 

To facilitate the analysis of energy quality degradation in heat-exchange 

facility, a unified mathematical model was established to characterize the heat 

transfer loss of temperature difference in heat exchanges, as presented in Fig. 8. 
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Fig.8 Entropy production of heat transfer in the adiabatic system 

 

In the heat transfers, it was assumed that only thermal transmission 

between high-temperature heat source and low-temperature heat source existed in 

the heat transfers, while the system was insulated from the external environment. 

Regardless of the working fluid flow entropy increase, only the increase of 

thermal transmission entropy brought about by the difference of heat transfer 

temperature was calculated, as: 

( )hl TTQS −= /
 

(10) 

where, Q
.

the thermal transmission between high and low temperature 

zones in the system, kW; Tl/Th are low temperature heat source temperature and  

high temperature heat source temperature in the system, respectively, K.  

Because the working fluid state at the outlet and inlet of the heat-exchange 

facility tube remained unchanged, it could be regarded as the working fluid heat 

transfer performance of the heat-exchange facility tube remaining unchanged 

under the same heat transfer rate. Under different Reynolds number conditions, 

the difference of entropy change in the system was mainly caused by the 

differences of heat transfer performances on the cooling water side. The larger the 

Reynolds number of the cooling water was, the better side exchange performance 

of cooling water was, while the smaller the difference of thermal transmission 

temperature between the two refrigerants was. Therefore, the lower the energy 

quality of the system was, the higher the entropy of the system was, increasing as 

the Reynolds number decreased, as presented in Fig. 9 (a). 

Under the same Reynolds number, the thermal transmission characteristics 

of cooling water were the same. Therefore, the effect of condensation temperature 

on the system entropy was essentially realized through the heat transfer 

characteristics effects of working medium in the tube. The thermal transmission 

coefficient increased as the condensation temperature decreased, while the 

difference of thermal transmission temperature decreased as the condensation 

temperature decreased. The smaller the difference of heat transfer temperature 

was, the smaller the increase of system entropy was. Therefore, the increase of 

system entropy decreased as the condensation temperature decreased, as presented 

in Fig. 9 (b). 
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(a) Reynolds number Re                (b) Saturation temperature   

 
(c) Structural parameters of ribs 

Fig.9 Influence of experimental variables on system entropy production 

 

Similarly, to the influence mechanism of condensation temperature, the fin 

structure in the tube also affected the system entropy increase by affecting the 

thermal transmission characteristics of the working medium in the tube. The 

thermal transmission coefficient in the tube increased as the helical angle of the 

fin increased, while the temperature difference decreased as the helical angle of 

the fin increased. Therefore, the increase of system entropy decreased as the spiral 

angle of fins increased, as presented in Fig. 9 (c). 

In essence, the increase of entropy caused by heat transfer of objects in 

adiabatic system was closely related to the difference of heat transfer temperature 

between high-temperature heat source and low-temperature heat source. The 

larger the difference of thermal transmission temperature between the two heat 

sources was, the higher the irreversible losses of heat transfer to objects were and 

the higher the increase of system entropy was. Therefore, the experimental 

variables could lead to the thermal transmission performance decrease of 

heat-exchange facility and to the increase of heat transfer temperature difference, 

which would inadvertently lead to higher irreversible heat transfer losses within 

the system. 
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6. Conclusions 

According to the experiment of flow condensation thermal transmission in 

tube, the main conclusions were as follows: 

1. The irreversible heat transfer loss in the system can be reduced by 

changing the factors that cause the decrease of the heat exchange temperature of 

the heat exchanger, therefore, the performance of heat exchanger is improved. 

2. The pressure drop and thermal transmission coefficient increased as the 

Reynolds number Re decreased, whereas the condensation temperature decreased 

and the spiral angle of fins increased.   

3. The heat transfer temperature difference and friction factor increased as 

the Reynolds number Re decreased, whereas the condensation temperature 

increase and the spiral angle of fins decreased. The friction factor was negatively 

correlated to heat transfer, because friction factor could only be used to 

characterize the friction pressure drop. Moreover, the proportion of accelerated 

pressure drop in total pressure drop increased as the heat transfer increased 

(increased mass flow). 

4. It was observed that: with the decrease of Reynolds number Re, the 

thermal transmission coefficient HHP of unit pressure reduction will be increased, 

whereas the condensation temperature decreased and the of spiral angle of fins 

increased. Moreover, the system entropy decreased as the Reynolds number Re 

increased, whereas the condensation temperature decreased and the spiral angle of 

fins increased. The decrease of entropy indicates the improvement of heat 

exchanger performance. 
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