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ABSTRACT 

Heat exchanger is a device used in many engineering 

systems relatedto   transfer of heat between two fluids 

in industrial applications. Plate Heat Exchanger 

(PHE) is a one of the important part of a condensing 

or evaporating system.  In this study, heat transfer 

data will obtained for double phase flow (steam-to-

water) configurations in a corrugated plate heat 

exchanger. The analytical calculation of heat transfer 

coefficient, Heat duty and pressure drop are validated 

with results of HTRI software. Heat duty from 

analytical calculation is 269.39kW, whereas from 

HTRI software value of heat duty is 271.9kW. In this 

work numerical simulation is also used  to investigate 

heat transfer and pressure drop in plate heat exchanger 

with the intention of determining effect of channel 

geometry and flow condition of heat transfer in heat 

exchanger. The objective of this study is to explore 

the CFD tool to study the flow pattern, and of the heat 

transfer augmentation of furrows in corrugated walls, 

encountered in commercial plate heat exchangers 

(PHE). 

Keywords— Heat Exchanger, Corrugated Plates, 

CFD, HTRI software. 

 

I.   INTRODUCTION 

Heat exchangers are devices helps to transfer the   

heatfrom one fluid to other fluids at different 

temperatures. They improve efficiency of system, 

because the energy already within the system is used 

to transfer to another part of the system.Due to the 

growing urgency to save energy andto reduce overall 

environmental effects has placed greater emphasis on 

the use of heat exchangers having better thermal  
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efficiency. In a PHE number of plates are arranged or 

pressed together with 180
0
 rotation.Two fluids will 

flow through alternate channels to transfer heat to one 

another. Mainly there are four types of PHE: 

gasketed, welded, brazed, and semi-welded.Firstly 

Plate heat exchangers (PHE) were used in 1923 for 

milk pasteurization applications, but are now used in 

many applications in thewater heater, cooling tower 

isolation, heat pump, thermal storage system, 

recovery of waste heat,pharmaceutical, and health 

care sectors. Mainlythe PHE has unique advantages of 

flexible thermal design (plates can be added or 

removed to get different heat duty), easy cleaning, 

good temperature control (necessary in cryogenic 

applications), and better heat transfer performance. 

Value of heat transfer coefficient for plate heat 

exchanger is 4000 to 7000 W/m
2
 °C which is 4 times 

shell and tube heat exchanger [2], results in very 

compact equipment,RuoxuJia [2]. 

FockeW. et al. [1] established that Chevron angle 

affects the flow area of fluid, the usual range of   

being 25°-65°. The chevron angle between plate 

corrugations and the spacing between the plates are 

the majorparameters in the thermo hydraulic 

performance of plate heat exchangers.LMTD method 

is mostly preferred for design of plate type heat 

exchanger. 

The variation of plate spacing affects to cross 

sectional area of channel, velocity of channel, 

equivalent diameter, and Reynolds number at hot and 

cold fluid sides in PHE. This further affects the 

pressure drop and pumping cost in PHE.So the 

spacing between is the significant parameter in design 

of plate heat exchanger. 
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Flow structure has strong dependency on plate 

geometry. 

𝛽<45𝑜  - cross flow 

𝛽>45𝑜  - helical flow 

Xiaoyang et al. [1] experimented with the two-phase 

flow distribution in stacked PHEs at both vertical 

upward and downward flow orientations. They 

indicated that non-uniform distributions were found 

and that the flow distribution was strongly aff ected by 

the total inlet flow rate, the vapor quality, the flow 

channel orientation, and the geometry 

Yan et al. reported that the mass flux, the vapor 

quality, and the condensation pressure aff ected the 

heat transfer coefficients and the pressure drops. 

Wave design of corrugation pattern is mostly 

applicable for low Reynolds number. Chevron design 

is applicable for high Reynolds number. Reynolds 

number above 200 gives turbulent flow in PHE.(due 

to corrugation pattern). 

 

  II.    DATA REDUCTION 

The procedure for calculating heat transfer coefficient 

is given as follows 

Tlm = [(T1- t2) - (T2- t1)]/ln[(T1-t2)/(T2 - t1)] 

A = Q/ (U * Tlm) 

A1p = L*W 

Np = A/A1p 

U= 1/ (1/hhot + 1/hcold + k/tp) 

HTC for cold side(boiling) 

 𝑏 = 𝑐𝑏 + 𝑛𝑏                                           (1) 

 𝑐𝑏 = 𝐹𝑡𝑝 ∗ 𝑙                                             (2) 

 𝑛𝑏 = 𝐹𝑐 ∗ 𝑛𝑏 1 [4]                                    (3) 

 𝐹𝑡𝑝 = [(
𝑝𝑟 𝑙+1

2
) ∗  𝛷𝑙

2 ]𝑛𝑓                           (4) 

hb   – Boiling heat transfer coefficient(cold side) 

hcb – Convective boiling heat transfer coefficient 

 Ftp – Two phase convection factor 

 

 𝑛𝑓 = 2.0 ∗ (
𝜌𝑣

𝜌𝑙
)0.25                                     (5) 

 𝑁𝑢𝑙 = 𝑗𝑁𝑢 ∗ 𝑃𝑟𝑙
 

1

3
 ∗  

𝜇 𝑙

𝜇𝑤
 

0.17

                    (6) 

nf   – Exponent term. 

Nul – nusselt no based on j factor. 

𝐶𝑔𝑐 =  
1

𝐺𝑐
 ∗  𝐷𝑒 ∗ 𝑔 ∗ 𝜌𝑣 ∗  𝜌𝑙 − 𝜌𝑣 ∗  

1−𝑦

𝑦
   

0.5

  (7) 

 𝑦𝑚𝑖𝑛 = 1/1 +
 .5∗𝐺𝑐 

2

𝐷𝑒∗𝑔∗𝜌𝑣∗ 𝜌𝑙−𝜌𝑣 
 

Cgc – Channelflow regime parameter. 

Gc – fluid velocity. 

HTC for hot side (condensation) 

hc = (1/U +1/hb + tp/kp) -1 

tsat  -twall = (U * Tlm)/hc 

hhot = 0.943[[𝜌l(𝜌l -  𝜌c)  g*hfg*  kl
3]/[  𝜇l * l  (tsat - 

twall)]]0:25 

 

 

III.   ANALYTICAL CALCULATION 

For design of plate heat exchanger the LMTD method 

is one of preferable method. 

Table 1 

Inlet Parameters 

Parameters Hot side Cold side 

Mass flow 

rate(kg/h) 

408 700 

Temp(ºC)inlet/outlet 63.37/56.63 54/55.36 

The hot side fluid is steam while cold side fluid is 

water. Steam is condensing by giving its latent heat to 

water with given mass flow rate. 
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Table 2 

Calculation for HTC 

Parameters Value 

Hot side HTC(W/m
2
k) 26989.6 

Cold side HTC(W/m
2
k) 4493.16 

Overall HTC(W/m
2
k) 2978.34 

Heat duty(kW) 269.39 

Effective area of heat 

transfer(m
2
) 

16.8 

No. of plates 46 

 

The analytical calculation is done as given above for 

heat transfer coefficient of both sides(cold and hot). 

Mainly boiling heat transfer coefficient is depends on 

two phase convection factor.The heat duty from 

analytical calculation is 269.39 kW. So the effective 

area of heat transfer for given input parameters is 16.8 

m
2
. In this case no of plates are 46. 

The heat transfer coefficient of cold side is also a 

function of heat transfer coefficient of hot side as well 

as overall heat transfer coefficient. Excel sheet is used 

for analytical calculation while HTRI software is used 

for validation of analytical calculation. 

 

IV.    HTRI RESULT 

In this case design of plate heat exchanger is also 

done by using HTRI software. by considering the 

process parameters such as mass flow rate and 

temperature conditions calculation has carried out for 

heat transfer coefficient, which further gives the 

dimensionof the plate. 

Again by considering values of table 1 calculation has 

carried using HTRI software. 

 

Fig.1 HTRI output result 

The heat duty from analytical calculation is 269.39 

kW where as from HTRI results are 271.49 kW. 

From above figures we can be summarised that 

analytical results are in good agreement with HTRI 

results. The increase in the friction factor and the 

equivalent diameter, the decreasing of channel 

velocity at constant path length and fluid density 

make the cold and hot fluid plate pressure drop 

decrease 

From above, the rises of plate spacing  affects to 

channel cross sectional area, channel velocity, 

equivalent diameter, and  Reynold  number at hot and 

cold fluid sides in PHE.Increasing plate spacing, the 

flow area will increase, while velocity get reduces 

result in decreases of Reynolds number. The 

decreasingReynold number of cold and hot fluid 

increase the friction factor of cold and hot fluid. 

 



International Engineering Research Journal 
Special Edition PGCON-MECH-2017 

4 
 

 

Fig.2   HTRI output result 

 

V.    COMPUTATIONAL METHOD 

For developing of computational domain parameters 

such as plate thickness, chevron angle, plate spacing, 

height and width of plate need to be considered. In 

this case plate spacing is 2 mm having geometry of 

450*500 mm. three plates and two fluid bodies are 

considered as computational domain. 

Assumptions for study 

 The fluid is incompressible. 

 The influence of buoyancy and gravity   is 

negligible. 
 Ignored thermal effectsgenerated by Viscous 

dissipation. 

 

GEOMETRIC MODEL 

 

Fig.3 Geometric model of PHE. 

In this case there are   five layers have considered, 3 

plates and 2 fluid bodies. Tetrahedral mesh is 

generated on geometric model as shown in fig below; 

this kind of mesh is applied due to corrugated 

structure of PHE. The unstructured tetrahedral mesh 

gives better quality near the boundary which 

employed below. 

 

MESH 

 

Fig.4   Meshing of fluid bodies 

 

Because of limitation in computational power the 

small part (3 plates and 2 fluid bodies) PHE which 

considered as whole plate heat exchanger taken as a 

computational domain. Using mass flow condition, 

inlet temperature of cold and hot fluid was selected 

80
0
C and 35

0
C. The pressure-outlet is used, and the 

outlet pressure of cold fluid and hot fluid is 

atmospheric pressure. The outer boundary condition is 

the no slip boundary condition, and the surface of the 

hotchannel  and cold channel is set to the heat transfer 

surface. The remaining   surface is set to the adiabatic 

boundary condition. The rest of   boundary conditions 

can be defined by default.[6] Fig.4 above is shows the 

two fluids flowing inside PHE (main flow area) of 

plate-type heat exchanger in this study. 
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V.   RESULT 

 

Fig.5  Hot fluid temp variation 

It is observed that when laminar model was used.The 

solution gets converged only Reynolds no 200. So 

above this k-𝜀 turbulence model needs to be used to 

get converged solution. 

So from the simulation results we can see that outlet 

temperature of both fluids can be easily obtained. The 

LMTD can be find out and it helps to find out heat 

transfer coefficient for both sides (cold side and hot 

side) 

Fig.2 shows the two fluid zones(hot water in red,cold 

water in blue) the fluid will flows through furrows of 

PHE(cross corrugated), having chevron angle 60
0
 

inlet temp of hot fluid is 353 K while outlet temp of 

hot fluid is 325K, and inlet temp of cold fluid is 308K 

outlet temp of cold fluid is 320 k.  

 

 

 

Fig.6  Cold fluid temp variation 

From above figures (Fig.5)one can come to known the 

flow structure inside Plate heat exchanger. 

Variation of temperature is takes place due to transfer 

of heat between two fluids through aluminium plate.  

 

CONCLUSION 

Analytical calculation shows, the pressure drop and 

heat transfer coefficient in plate heat exchanger and 

its dependency on geometry  

Plate spacing variation affects  the cross sectional area 

of channel,velocity of channel and equivalent 

diameter and Reynolds number at hot and cold fluid 

side of PHE. 

The heat duty from analytical results gives 269.39 

kW. While from HTRI results it gives value of 271.49 

kW.  

Increase in chevron angle results in increase of flow 

area, while velocity get reduces which results in 

decrease of Reynolds number. 

The analytical calculation of PHE are in agreement 

with data obtained from HTRI software (overall heat 

transfer coefficient from analytical calculation is 2978 

w/m
2
k  where as the HTRI software gives value as 

3227 w/m 
2
k) 

Although it is not possible to get heat transfer 

coefficient value directly from CFD results, we can 

easily calculate it from value of outlet temp from CFD 

results and validated with analytical calculation and 

with HTRI results.   
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NOMENCLATURE 

Φ- Plate chevron angle (deg). 

b- Plate spacing (mm). 

Ftp- Two phase convection factor. 

Cgc– Channel flow regime parameter. 

hcb– Convective boiling heat transfer coefficient. 


