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 Abstract: Due to the depletion of fossil fuel resources and environmental problems caused 

by global warming, energy generation has greater potential in future engineering. In 

designing of thermal or refrigeration system phase change heat exchangers play a vital role. 

Prior to the application of these realistic models, proper analysis is critical. It will provide 

accurate findings while also reducing research effort, risk, and expense. Analytically, we 

investigated condensation and evaporation in a fin-tube heat exchanger using ANSYS FLUENT 

2022. The fluid flowing inside the tube is refrigerant R22 and the fin side external fluid is 

considered as atmospheric air. To understand its physical and mathematical behavior, the 

CFD findings have been validated with MATLAB Simulink. Variations of heat transfer 

coefficients and pressure drops of the air-side and refrigerant side with various geometry 

parameters such as tube diameter, fin spacing, and number of rows have been plotted and 

observed. Results show that the heat transfer coefficient varies from 77.4 W/m2K to 65.6 

W/m2K on the air side while 8787 W/m2K to 6339 W/m2K on the Refrigeration tube side. 

Additionally, the pressure drop varies from 0.0265 kPa to 0.0353 kPa on the air side while 33.1 

kPa to 26.2 kPa on the Refrigeration tube side.  
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1. Introduction 

Global warming causes the temperature of the 

surrounding air to rise every year (Gray, 2000). Staying 

inside without a good cooling system is not pleasant. Air 

conditioners are becoming a common household item 

around the world as a means of bringing indoor 

temperature into the human comfort zone (Azhar and 

Siddiqui, 2017). To remove heat from the room evaporation 

takes place in the indoor unit and rejection of heat i.e., 

condensation in the outdoor unit. Evaporation is the 

process of converting a liquid to a vapor by absorbing heat. 

Condensation is the process of converting a vapor to a 

liquid by removing heat (Yunus and Ghajar, 2020). This 

process is carried through a heat exchanger (HE). Heat 

exchangers are devices that are usually used for heat 

transfer between two running fluids at unlike temperatures 

(Khairul et al., 2014). FT-type HEs are preferred in the case 

where low heat transfer coefficient on the outside of the 

tubes. Fin and tube heat exchangers (FT type HE) have long 

been popular in the refrigeration, aerospace, and other 

industrial sectors (Kraus, et al., 2001).  FT type HE (FT-HE) 

has tubes with a larger outside surface area or fins, which 

helps to increase the heat transfer rate. The increased heat 

transfer area generated by the fins in these circumstances 

aids in ensuring that the required rate of heat transfer is 
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achieved. Working fluids for these applications have 

included a variety of chlorofluorocarbon (CFC) and 

hydrochlorofluorocarbon (HCFC) refrigerants. The use of 

CFC refrigerants has been prohibited due to major ozone 

layer depletion and global warming concerns (McCulloch et 

al., 2003), and the most widely used HCFC refrigerants are 

R-22, R-134a, R-143a, R-407c, R-410a, R-417a, and R-507 

necessitating the study of their thermodynamic 

(Gopalnarayanan, 1998), thermophysical, and heat transfer 

properties (Xiang et al., 2014).  

Here, a few of the fin and tube heat exchangers' literary 

works have been discussed. In an experimental assessment 

of the pressure drop and heat transfer during the 

condensation of the refrigerant R-134a in a HE having 

vertical plate configuration, (Djordjević et al., 2008) 

discovered that both variables rise with the quality of the 

rising vapor. The convective effect predominates the heat 

transfer at the refrigerant side, according to (Shi et al., 

2010) experimental investigation of condensation heat 

transfer and pressure drop of R134a in a plate HE. They 

discovered that the high vapor quality zone and mass flux 

have a significant impact on condensation heat transfer 

using R1234ze(E) and R32 as refrigerants, (Luyben et al., 

2019) conducted an experimental investigation on the 

evaporation heat transfer and two-phase flow 

characteristics of a vertical upward flow and discovered 

that R32 had a higher heat transfer coefficient than 

R1234ze(E), regardless of the mass flux and quality, 

particularly at lower mass flux conditions. The Open FOAM 

framework was used by Thomas (Kleiner et al., 2019) to 

design and implement a CFD solver for thermally induced 

pure material condensation. They discovered that the heat 

transfer coefficients are slightly lower than those predicted 

by Nusselt's film theory but are still in excellent agreement 

with the experimental data. To quantify the heat transfer 

coefficient for MED falling film evaporator application, 

(Tahir et al., 2021) created a two-dimensional (2D) CFD 

model. They discovered that the heat transfer coefficient is 

maximal at the impact zone and subsequently declines as 

the liquid travels around the tube. The heat transfer 

coefficient at Ti = 85°C is 43.5% greater than that at Ti = 5°C 

for a liquid load of 0.09 kg/(ms). To understand the 

Marangoni condensation phenomenon, (Park and Choi, 

2020) conducted a CFD study for the condensation heat 

transfer of steam-ethanol mixtures on a horizontal tube. 

They discovered that as the ethanol vapor concentration 

increased from 0% to 0.1%, the heat flux of the vapor 

mixture became 1.2 times greater. Hu et al. (Hu et al., 

2017) investigated the ethanol-water vapor in a 

commercial plate HE to find out the Local heat transfer 

coefficient considering the Marangoni effect. Using an 

ANSYS Fluent, (Mohammed et al., 2019) simulated the 

evaporation and condensation of acetone in a horizontal 

tube and discovered that the phase change rate increases 

when the velocity lowers and the wall temperature rises 

(evaporation case) or falls (condensation case). 

It is observed from open literature that a comparison of 

simulation of condensation and evaporation in an FT-HE 

under MATLAB SIMULINK and ANSYS is missing. Therefore, 

the goal of the present study is to design and evaluate a 

phase change HE with R22 as refrigerant and air as an 

external fluid. To investigate how the geometrical 

parameters of the condensation and evaporation phases of 

a HE affects the behavior of heat transfer coefficients. 

contrasting the outcomes of the two pieces of work using 

similar input parameters and experimental outcomes. 

Assessing the advantages and disadvantages of each 

method. 

Also, there are two types of thermodynamic analysis of 

vapor absorption refrigeration systems (Arshi Banu et al., 

2023). One is the first law analysis and the other one is the 

second law analysis or exergy analysis. In the first law 

analysis performance or COP enhancement is possible by 

changing the number of cascading effects, and 

thermophysical properties of the refrigerant-absorbent 

combination. There is no direct impact on component 

design or selection in this analysis. Second law analysis 

(Arshi Banu et al., 2020)  provides availability losses of each 

component of the system such as the absorber, generator, 

condenser, and evaporator. All these components are HE 

where heat transfer and phase change take place. In the 

Generator and absorber mass transfer also takes place. In 

the experimental work on absorbers (Banu et al., 2022), it 

was observed that the design of the phase change heat 

exchanging component is very important. It plays a major 

role in the overall performance of the refrigeration system. 

Hence, numerical investigations of the HEs (Arshi Banu et 

al., 2022a, 2022b) show the heat transfer coefficient’s 

behavior concerning flow rates of hot and cold fluids and 

their temperatures. The design-based analysis such as the 

influence of geometric parameters on phase change HEs 

have been investigated in the present work. 
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2. Design Specifications 

 Table 1 shows the specifications of the FT-type heat 

exchanger. Copper-tubed heat exchangers are the tubes 

that were taken into consideration for the current task. 

R22, which is going through the tube, is the fluid that is 

accounted for Fig. 1 depicts the heat exchanger that was 

used for the analysis. 

3. CFD Analysis 

 Computational fluid dynamics (CFD) is used in ANSYS 

Fluent to model fluid flow and heat transfer problems. A 

range of fluid processes, including fluid-structure multi-

physics interactions, are modeled and simulated using this 

CFD program. In the case of industrial applications, heat 

transfer, turbulence, and reactions are also considered 

along with fluid flow. It comes with a complete collection of 

tools for physical modeling (Luyben, 2014). 

Table 1. Specifications of FT type HE. 

Parameter Condenser Evaporator 

Pitch of tubes Horizontal, P1 X Vertical, 
P2 [mm] 25 X 25 25 X 25 

Pitch of tubes on the diagonal plane in 
staggering arrays, P3, [mm] 27 27 

Length of tube, Lt, [mm] 291 291 

Fin outer diameter, Dt, [mm] 10 (8 to 13) 10.0 

Height of the fin, L= (c− Dt)/2, [mm] 4 4 

Width of the fin, bf, [cm] 91.4 n/a 

Fin length, lf, [cm] 76.2 45.7 

Fin thickness, w, [mm] 82.6 63.5 

Space in two consecutive fins, s, [mm] 3 (3 to 5.5) 3 

 Total No. of rows, nr   2(2 to 4) 2 

 Tubes number in single row, nt  8 8 

 Number of tubes, N= nt x nr  16 16 

 

 

Fig.1 CAD model of phase change Fin-Tube Heat 

Exchanger. 

3.1. Design of Heat Exchanger 

According to ANSYS Space claim, the heat exchanger is 

developed. There are primarily four sections of the heat 

exchanger under consideration for study. 

 Fluid domain 

 Air Domain 

 Fins 

 Tubes 

Using the EXTRUDE command, a circle with a diameter 

of 10 mm was extruded through the midplane up to 291 

mm and saved as a single component. By selecting the top 

plane, a second circle with a diameter of 8 mm has been 

formed. Semi-arc and circle have been linked under the 

command of SWEEP. The rectangle is sketched and 

extruded through 5 mm, measuring 115 mm in width and 

380 mm in length. On the front face of the fin, two circles 

with a diameter of 10 mm have been drawn. A linear 

pattern with a length of 25 mm and 12 numbers has been 

chosen, and the cut has been extruded through the fin. The 

fin and tube heat exchanger's 3D model is created once all 

the individual components have been put together. The 

control volume has been established and the ENCLOSER 

command has been chosen. Using the BOOLEAN command, 

the tube, fins, and fluid domain have been removed from 

the enclosure. 

3.2 Meshing of FT type HE 

Ansys 2021 R1 is the software used to mesh the data [9]. 

The skewness should be less than 0.94 and the elements 

kept should be fewer than five lakhs as this is the student 

version. For greater design quality, less skewness in the 

meshing must be maintained. Following is how meshing is 

carried out: 

 The geometry in Fig. 1 has been meshed using the 
patch tetrahedral approach. 

 The tube's body size was determined to be 8mm. 

 The body size that was taken into account for the fluid 
domain was 4.5mm. 

 The enclosure's body size consideration is 6mm. 

 A 5mm body size is taken into account for the fins. 

 The skewness was determined to be 0.81. 

 A total of 412208 elements were retrieved. 

 The following contact regions have been chosen based 
on the design. 
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Fig.2 Heat exchanger meshing 

 The tube as a fluid domain 

 Air domain for both tubes and fins 

 Fluid domain faces have been chosen, and their names 
are based on the flow direction. 

The meshing has been changed to match the 

aforementioned modifications seen in Fig 2. 

 

3.3 Setup 

 In the first step of the simulation, the energy and 
viscous models have been selected. Under the viscous 
model, improved wall treatment options were selected 
and a Multiphase of VOF has also been selected.  

 Air and R22 have been selected as working fluids. 
Copper (Cu) and aluminum (Al) as a solid material have 
been used for both condensation and evaporation.  

 The primary phase for evaporation is liquid and the 
secondary phase is gas.  

 R22 is considered a hot fluid, while air is a cold fluid.  
For cell zone conditions. Al has been selected for both 
the fins however Cu has been adopted for the inner 
tube.  

 R22 side boundary conditions are given.  

 Air side boundary conditions are also given as shown in 
Fig 3. 

 To detect missing contact regions, Mesh interfaces 
have been verified. 

 For the solution, the Second order has been selected.  

 Hybrid initialization provided.  

 500 iterations have been taken to run the problem.  

 After completing these steps, the results are obtained 
that have been discussed in the coming section. 

 

Fig.3 Inlet and outlet of external air domain of Heat 

exchanger 

4. Simulation Using MATLAB Simulink  

4.1 Refrigerant side heat transfer coefficient 

A mass flow rate of refrigerant (m) 

Q=m× ℎfg 

m=
𝑄

ℎ𝑓𝑔
 (1) 

Velocity of refrigerant (v) 

m=𝜌𝐴𝑣 

v= 
𝜌×𝐴

𝑚
  (2) 

Reynold’s Number Re= 
𝑉∗𝐷∗𝜌

𝜇
  (3) 

Heat transfer coefficient of liquid side (hL) 

Nu=0.028*Re
0.8

*pr
0.3

 

hL=
𝑁𝑢∗𝑘

𝐷
 

𝑊

𝑚2.𝐾
 (4) 

The condensation heat transfer coefficient of the 

condenser (hC) 

hC = hL(0.55+
2.09

𝑃𝑟0.38)   (5) 

Pressure drop due to friction in pipe ∆𝑝 =
𝑓𝐺2𝐿

𝜌
 (6) 

f = friction factor 

Momentum pressure drop(∆pt)=  
𝐺2

𝜌𝑣𝑔𝑐
{[1 + (

𝜌𝑣

𝜌𝑙
) −

(
𝜌𝑣

𝜌𝑙
)

1
3⁄

− (
𝜌𝑣

𝜌𝑙
)

2
3⁄

] 𝑥2 − [2 (
𝜌𝑣

𝜌𝑙
) − (

𝜌𝑣

𝜌𝑙
)

1
3⁄

− (
𝜌𝑣

𝜌𝑙
)

2
3⁄

] 𝑥}  (7) 
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The total tube inside pressure ∆𝑝 = ∆𝑝𝑓 + ∆𝑝𝑡   (8) 

Heat transfer coefficient of evaporation (he) 

he = (0.0186875) 
𝐾𝑙

𝐷0.2 (
𝐺

𝜇𝑙
)0.8 (

𝜇𝑙∗ 𝐶𝑝𝑙

𝐾𝑙
)0.4 (

𝜌𝑙

𝜌𝑣
)0.375 (

𝜇𝑣

𝜇𝑙
)0.075 

(
𝑥𝑒− 𝑥𝑙

𝑥𝑒
0.325−𝑥𝑙

0.325 )  (9) 

D = tube diameter G = mass flux k = conductivity ( )l = 

properties evaluated at saturated liquid stage ( )v = 

properties evaluated at saturated vapor stage ( )e = 

properties evaluated at exit ( )i = properties evaluated at 

inlet 

4.2 Air side heat transfer coefficient 

Surface area of fins 

 𝐴𝑓 =2(𝑐2 − 0.785(𝐷𝑡
2) + 2𝑐𝑤)

𝑁𝑙𝑡

(𝑠+𝑤)
    (10) 

The surface area of the tubes (between two fins)   

 𝐴𝑤=
𝑁𝑙𝑡

(𝑠+𝑤)
(𝐷𝑡𝑠)  (11) 

Finned tubes' total surface area:  

A=𝐴𝑓 + 𝐴𝑤 (12) 

Total tube surface area (without fins removed) 

 𝐴𝑡= N𝐿𝑡𝜋𝐷𝑡 (13) 

Minimum cross-section area 

𝑆𝑚𝑖𝑛=𝑛𝑡𝑙𝑡(𝑃1-𝐷𝑡- 
2𝑤𝐿

(𝑠+𝑤)
 )  (14) 

               𝑉𝑚𝑎𝑥= 
𝑚𝑎

𝑆𝑚𝑖𝑛𝜌
 (15) 

Reynold’s number Re=
𝑉𝑚𝑎𝑥 𝜌𝐷𝑡

µ
 (16) 

4.3 Average heat transfer coefficient (for low fin 

tubes) 

Nu= 0.183𝑅𝑒0.7(
𝑆

𝐿
)0.36 (

𝑃1

𝐷𝑡
)0.06 (

𝐿

𝐷𝑡
)0.11 𝑃𝑟0.36 𝐹1𝐹2𝐹3  (17) 

F1= fluid property variation factor. 

F2= number of tube rows factor.  

F3= Factor for tube arrangement. 

h= 
𝑁𝑢 𝑘

𝐷𝑡
 (18)  

4.4. Fin efficiency 

  𝜂𝑓=
𝑡𝑎𝑛ℎ𝑚𝜓

𝑚𝜓
 (19) 

ψ = 
𝐷𝑡

2
(

𝑐

𝐷𝑡
 – 1) (1+0.35ln

𝑐

𝐷𝑡
 ) (20) 

m= √
ℎ𝑃

𝐾𝐴
 (21) 

4.5 The effective average heat transfer coefficient 

(H) 

ho=( 
𝜂𝑓𝐴𝑡+𝐴𝑤

𝐴
 ) h (22) 

Pressure drop due to fins ∆𝑝𝑓 = 𝑓𝑓𝑣𝑚
𝐺𝑚𝑎𝑥

2

2

𝐴𝑓

𝐴𝑐
 

where: ff = fin friction factor vm = mean specific volume 

Gmax = mass velocity through minimum area Af = fin surface 

area Ac = minimum free-flow cross sectional area 

Pressure drop due to bank of tubes ∆p
𝑡𝑢𝑏𝑒

= 𝐸𝑢𝑐
𝐺𝑚𝑎𝑥

2

2𝜌
𝑧 

Euc = corrected Euler number  

z = number of rows 

Total air side pressure ∆𝑝 = ∆𝑝𝑓 + ∆𝑝𝑡  

The Fig. 4 illustrates Simulink's tools. Which has four major 

command like ‘input’, ‘subsystem’, ‘goto’, and ‘display’. 

5. Results and discussions 

After performing the geometry, meshing and setup 

operations of the phase change heat exchangers in ANSYS 

Fluent, the result obtained from CFD analysis are discussed 

in this section. Figure 5 shows the volume fraction variation 

of refrigerant in the evaporator. In this Figure the value 

‘zero’ represent saturated liquid form and ‘one’ represent 

saturated vapour form. The evaporation in the evaporator 

can be seen with the volume fraction variations. Figure 6. 

depicts the volume fraction variation of refrigerant in the  

 

Fig. 4. Simulation model of Heat exchanger in MATLAB 

Simulink. 
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Fig. 5 Evaporation volume fraction profile 

 

Fig. 6 Condenser volume fraction profile. 

 

Fig. 7 Condenser temperature profile. 

condenser. Again, in this Figure, the value ‘one’ represents 

saturated vapor form, and ‘zero’ represents saturated 

liquid form. The condensation in the condenser can be seen 

with the volume fraction variations. Figure 7 represents the 

temperature variation in the condenser tubes during 

condensation. 

The results obtained from Simulink are discussed in 

Figure 8. The first geometric parameter considered is the 

diameter of the tube. The plots of Figure 8 show the 

variation of the air-side heat transfer coefficient and 

refrigeration-side heat transfer coefficient with the tube 

diameter of the condenser. Three tube diameters of 7.94 

mm, 9.53 mm, and 12.7 mm were considered. By keeping 

the fin pitch at 4.72 per cm with two rows and frontal area 

constant. It has been observed that the heat transfer 

coefficient is decreasing concerning diameter. The air-side 

heat transfer coefficient varies from 77.4 W/m
2
K to 65.6 

W/m
2
K. Refrigeration tube side heat transfer coefficient 

varying from 8787 W/m
2
K to 6339 W/m

2
K. It is known that 

the heat transfer coefficient is inversely proportional to the 

diameter of the tubes.  

The plots of Figure 9 show the variation of air-side 

pressure drop and refrigeration tube side pressure drop 

with the tube diameter of the condenser. The same tube 

diameters of 7.94 mm, 9.53 mm, and 12.7 mm were 

considered. By keeping the fin pitch at 4.72 per cm with 

two rows and frontal area constant. Airside pressure drop 

varies from 0.0265 kPa to 0.0353 kPa. Refrigeration tube 

side pressure drop varying from 33.1 kPa to 26.2 kPa. It has 

been observed that the air side pressure drop is increasing 

and the refrigeration tube side pressure drop is decreasing 

with an increase in tube diameter. Hence 11.3 mm 

diameter is considered as optimum diameter where both 

the pressures drop and heat transfer coefficients of the air 

side and refrigerant tube side.  

The second geometric parameter considered in Figure 

10 is the fin pitch. It shows the variation of air-side heat 

transfer coefficient and refrigeration tube-side heat 

transfer coefficient with fin pitch. Fin pitch varies from 

3.15, 3.94, 4.72, and 5.51 per cm, by keeping tube diameter 

at 12.7 mm and frontal area constant. It is observed that 

both heat transfer coefficients (air side and tube side) are 

decreasing with fin pitch. The air-side heat transfer 

coefficient varies from 66.9 W/m
2
K to 61 W/m

2
K. 

Refrigeration tube side heat transfer coefficient varying 

from 6408 W/m
2
K to 6329 W/m

2
K. 
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Figure 11 is the variation of the same pitch dimensions 

as in Figure 9 with air side and refrigeration tube side 

pressure drop. It is observed that the air side pressure drop 

varies from 0.037 kPa to 0.054 kPa and the refrigeration 

tube side pressure drop varies from 44.1 kPa to 34.5 kPa 

with the increase in fin pitch. It has been observed that the 

air side  

 

Fig.8 Condensation heat transfer coefficient vs Diameter of 

tube 

 

Fig. 9 Condenser pressure drop vs Diameter of tube. 

 
Fig. 10 Condensation heat transfer coefficient vs Fin Pitch. 

 
Fig. 11 Condenser pressure drop vs fin pitch. 

pressure drop is increasing and the refrigeration tube side 

pressure drop is decreasing with an increase in fin pitch. 

Hence it inferred that 4 1/cm pitch is considered as the 

optimum pitch where both the pressures drop and heat 

transfer coefficients of airside and refrigerant tube side 

The third geometric parameter considered in Figure 12 

is the number of rows of tubes. It shows the variation of 

air-side heat transfer coefficient and refrigeration tube side 

heat transfer coefficient with the number of rows. The 

number of rows varied to 2, 3, and 4, by keeping the tube 

diameter at 12.7 mm, fin pitch 4.72/cm, and frontal area as 

constant. It is observed that both heat transfer coefficients 

(air side and tube side) are decreasing with an increase in 

number of rows. The air-side heat transfer coefficient is 

varying from 65.6 W/m
2
K to 52.6 W/m

2
K. Refrigeration 

tube side heat transfer coefficient varying from 6339 

W/m
2
K to 4675 W/m

2
K. 

Figure 13 is the variation of the same number of rows as 

in Figure 9 with air side and refrigeration tube side pressure 

drop. It is observed that the air side pressure drop varies 

from 0.035 kPa to 0.042 kPa and the refrigeration tube side  

 

 

Fig. 12 Condensation heat transfer coefficient vs No. of 
rows of tube 
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Fig. 13 Condenser pressure drop vs Number of rows 

Pressure drop varies from 26.2 kPa to 15.2 kPa with the 

increase in fin pitch. It has been observed that the air side 

pressure drop is increasing and the refrigeration tube side 

pressure drop is decreasing with an increase in fin pitch. 

Hence it inferred that the least number of rows are better 

for both optimum pressure drop and heat transfer 

coefficients of the air side and refrigerant tube side. 

6. Conclusion 

 For phase change Fin and tube-type Heat Exchanger 
simulation has been done with MATLAB Simulink.  

 Variations of heat transfer coefficient and pressure 
drop of Heat Exchanger with geometric parameters 
such as tube diameter, fin pitch, and the number of 
tubes have been presented.  

 Optimum geometric parametric values have been 
identified. 

 CFD analysis has been carried out for the same model 
for validation and comparison. 

 Volume fraction profiles have been discussed for both 
evaporation and condensation analysis. 

 Heat transfer coefficient varies from 77.4 W/m
2
K to 

65.6 W/m
2
K on the air side while 8787 W/m

2
K to 6339 

W/m
2
K on the Refrigeration tube side.  

 Pressure drop varies from 0.0265 kPa to 0.0353 kPa on 
the air side while 33.1 kPa to 26.2 kPa on the 
Refrigeration tube side. 

 Finally, it is inferred from the present study that the 
least number of rows is better for both optimum 
pressure-drop and heat-transfer coefficients of the 
airside and refrigerant tube side. 

 

Nomenclature 

A Area 

A_f  Surface area of fins   

A_t  Total tube surface area (without fins removed)   

A_w  Surface area of the tubes (between two fins)    

Ac  minimum free-flow cross-sectional area 

Af  fin surface area 

bf Width of the fin, mm 

Cp Specific Heat 

D tube diameter 

Dt Fin outer diameter, mm  

Euc  corrected Euler number 

f  Friction factor 

ff  fin friction factor 

G mass flux 

Gmax  mass velocity through minimum area 

hC  Condensation heat transfer coefficient of condenser 

he Heat transfer coefficient of evaporation 

hL Heat transfer coefficient of liquid side 

ho (or) H The effective average heat transfer coefficient (air/fin 
side) 

k conductivity 

L Height of the fin, mm 

lf Fin length, mm 

Lt Length of tube, mm 

m Mass flow rate of refrigerant 

m_a  Mass flow rate of air  

N Number of tubes 

nr  Total No. of rows 

nt  Tubes number in a single row 

P1 Pitch of tubes in a plane perpendicular to the flow, mm 

P2 Pitch of tubes in direction of flow, mm  

P3 Pitch of tubes on the diagonal plane in staggering arrays, 
mm 

s Space in two consecutive fins, mm 

S_min  Minimum cross-section area 

v  Velocity of refrigerant 

V_max  Maximum air velocity 

vm  mean specific volume 

w Fin thickness, mm 

x quality 

z number of rows 

η_f  Fin efficiency       

μ  viscosity 

ρ  density 

ψ  Fin parameter  

( )e  properties evaluated at exit 

( )i  properties evaluated at inlet 

( )l  properties evaluated at saturated liquid stage  

( )v  properties evaluated at saturated vapor stage 

∆p  Total pressure  

∆p Pressure drop due to friction in pipe 

∆pf Pressure drop due to fins 

∆pt  Momentum pressure drop 

∆ptube Pressure drop due to bank of tubes   
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