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Abstract— Heat exchangers are devices that provide the 

exchange of heat between two same or different fluids that 

are at different temperature without mixing them with each 

other. Plate heat exchanger is one such compact heat 

exchanger, provides more heat transfer between two fluids 

in comparison with shell and tube heat exchanger. This 

study is focused on use of corrugated plate heat exchanger 

(PHE) for water sea water and oil as working fluid. This 

research work deals with experimental investigation of 

corrugated type of PHE with evaluation of convective heat 

transfer coefficient, overall heat transfer coefficient, area, 

and LMTD and exchanger effectiveness. Heat exchanger for 

carrying out this work consists of thin metal gaskated plates 

of stainless steel with 0.5 mm thickness, plates with 

rectangular geometry and corrugations on plate surface with 

chevron angle 450/450, with 6 numbers of plates. Tests are 

conducted by varying operating parameters like, inlet 

temperatures of hot water and different types of fluids with 

mass flow rate of cold water as constant parameter. The 

main objective of this work is to find out effects of these 

parameters on performance of heat exchangers with counter 

flow arrangements. 
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I. INTRODUCTION 

A gasketed plate heat exchanger consists of a series of thin 

plates with corrugations or a wavy surface that separates the 

fluids. The plates come with corner parts arranged so that 

the two media between which heat is to be exchanged flow 

through alternate inter plate spaces. Appropriate design and 

gasketing permit a stack of plates to be held together by 

compression bolts joining the end plates; Gaskets prevent 

leakage to the outside and direct. 

The figure 1 shows the paths in a gaskated plate 

heat exchanger. (Courtesy Of Alfa Laval nyrrnal AB,) the 

fluids in the plates as desired. The flow pattern is generally 

chosen so that the media flow countercurrent to each other 

the plate heat exchangers are usually limited to a fluid 

stream with a pressure below 25 bars and a temperature 

below about 2500C. 

 
Fig. 1: The paths of flow in a gaskated plate heat exchanger. 

[2] 

Since the flow passages are quite small, strong 

eddying gives high heat transfer coefficients, high pressure 

drops, and high local shear which minimizes fouling. These 

exchangers provide a relatively compact and lightweight 

heat transfer surface.  

 
Fig. 2: Flow distribution inside channels [3] 

They are temperature and pressure limited due to 

the construction details and gasketing, Gaskated plate heat 

exchangers are typically used for heat exchange between 

two liquid streams. They are easily cleaned and sterilized 

because they can be completely disassembled, so they have 

a wide application in the food processing industry. The flow 

arrangement in a PHE can be very flexible. There are 

basically four types of configuration that be used, as will be 

shown below in Figure2, which are related to flow 

distributed inside or between channels. 

A. Inside Single Channel 

In a single channel, the flow of one fluid can be either 

diagonal or parallel, depending on the sealing arrangement 

on the ports. A diagonal arrangement refers to the flow that 

enters and leaves the channel at diagonally opposite ports, 

whereas in the parallel (or vertical, same-side) arrangement 

the flow enters and leaves on the same side. 

B. Pass 

Pass refers to a group of channels in which the flow is in the 

same direction. The two streams in a PHE unit can have 

different pass arrangements, single or multiple, which the 

latter consisting of passes connected in series. 

The so-called U and Z type arrangements are found in single 

pass flows. 

 
Fig. 3: U arrangement of Plates [4] 
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Fig. 4: Z arrangement of Plates [4] 

For any one fluid stream if the inlet and outlet ports 

are on the same side of the exchanger unit, it is called a U 

type arrangement; otherwise it is a Z type, as shown in 

Figures 3 and 4 

II. EXPERIMENTAL SETUP 

Figure 5 shows the experimental setup line diagram for the 

performance of the plate type heat exchanger. Experimental 

set-up consists a plate type heat exchanger, insulated hot 

water storage tank, control valves, condensate steam bucket 

valve, pump, filter and appropriate instrumentation for 

collecting the data. The experiment was carried out for 

different fluid conditions for inlet and outlet flow like Water 

to water, Oil to water, Sea water to water, Water to water. 

 
Fig. 5: The experimental setup line diagram 

III. DATA POCESSING 

Heat duty, heat absorb by Heat absorb by cold fluid, Hot 

fluid mean temperature, Cold fluid mean temperature, 

Hydraulic diameter, Flow area of fluid, Velocity of fluid, 

Reynolds number, Prandit number, Nusset number, Over all 

heat transfer co efficient(U), LMTD, Area required, Area of 

single plate, Number of plate calculated by using following 

input data and equations. 

Input data like inlet temperature, outlet 

temperature, and mass flow rates are given in the following 

table. 

 
Water to 

water 

Oil to 

water 

Sea water 

to 

water 

Water to 

water 

Hot  inlet 

tempratur

e: 

450c 700c 55.50c 550c 

Hot  

output 

tempratur

e: 

34.80c 600c 40.30c 45.20c 

Cold inlet 

tempratur
300c 320c 320c 320c 

e: 

Mass flow 

rate of hot 

fluid : 

0.25kg/se

c 

0.25kg/se

c 

0.25kg/se

c 

0.25kg/se

c 

Mass flow 

rate of 

cold fluid 

: 

0.25kg/se

c 

0.25kg/se

c 

0.25kg/se

c 

0.25kg/se

c 

Table 1: 

The equations for calculations are: 

A. Heat duty (Q) J/sec for hot fluid 

Q = mh Cph Th 

1) Water to water: 10676.85 

2) Oil to water: 6481.2 

3) Sea water to water: 19552.36 

4) Water to water: 10258.15 

B. Heat absorbed (Q) J/sec by cold water 

Q = mc Cpc Tc 

1) Water to water: 10676.85 

2) Oil to water: 6481.2 

3) Sea water to water: 19552.36 

4) Water to water: 10258.15 

C. Hot water mean temperature (oC) = ( hot fluid inlet + 

hot fluid outlet ) / 2 

1) Water to water : 39.9 

2) Oil to water : 65 

3) Sea water to water: 47.9 

4) Water to water:50.1  

D. The hydraulic diameter (m): De=2b/ 

1) Water to water : 0.00386 

2) Oil to water : 0.00386 

3) Sea water to water: 0.00386 

4) Water to water: 0.00386 

E. The flow area for water A = NWb  

1) Water to water : 0.0012 

2) Oil to water : 0.0012 

3) Sea water to water: 0.0012 

4) Water to water: 0.0012 

F. Velocity of water: V (m/sec) = m / (A) 

1) Water to water : 0.2095 

2) Oil to water : 0.2095 

3) Sea water to water: 0.2095 

4) Water to water: 0.2095 

G. Reynolds number Re =  V D /  

1) Hot fluid 

1) Water to water : 2126.57 

2) Oil to water : 1179.44 

3) Sea water to water: 2126.57 

4) Water to water: 2126.57 

2) cold fluid 

1) Water to water : 949.61 

2) Oil to water : 949.61 

3) Sea water to water: 949.61 

4) Water to water: 949.61 
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H. Prandti number: Pr = ( Cp )  /K 

1) Hot fluid 

1) Water to water : 2.50 

2) Oil to water : 2.50 

3) Sea water to water: 2.50 

4) Water to water: 2.50 

2) cold fluid 

1) Water to water : 4.52 

2) Oil to water : 4.52 

3) Sea water to water: 4.52 

4) Water to water: 4.52 

I. Nusselt number: Nu = 0.662 Re0.5 Pr0.33 

1) Hot fluid 

1) Water to water : 12487.99 

2) Oil to water : 1940.20 

3) Sea water to water: 12487.99 

4) Water to water: 12487.99 

2) cold fluid 

1) Water to water : 5809.41 

2) Oil to water : 5809.41 

3) Sea water to water: 5809.41 

4) Water to water: 5809.41 

J. Overall heat transfer co efficient (w/m2K ) 

1/U = 1/hh + t/Kp +1/hc 

1) Water to water : 3561.47 

2) Oil to water : 1396.42 

3) Sea water to water: 3561.47 

4) Water to water: 3561.47 

K. Logarithmic mean temperature different (LMTD) (oC) 

Qm = [ (Thi-Tco) - ( Tco- Thi)] / [ln {(Thi-Tco) /( Tco- Thi) } ] 

1) Water to water : 5.71 

2) Oil to water : 28.60 

3) Sea water to water: 5.88 

4) Water to water: 9.49 

L. Area required Q (m2) = UAQm 

So, total area required, A, Area of single plate =  m2 and  

Total number of plate = n 

1) Water to water : 0.5250 

2) Oil to water : 0.0270 

3) Sea water to water: 0.93 

4) Water to water: 0.3035 

IV. RESULT AND DISCUSSION 

The experiments are carried out on the setup by using 

different fluid conditions like water to water, oil to water , 

sea water to hot water to water and different parameters are 

obtained by  calculations  and the graphs are plotted as 

follow: 

 
Graph 1: LMTD vs AREA 

The graph of LMTD vs AREA is obtained by 

plotting the different values obtained from the vast 

calculation. The graph shows that bast LMTD is obtained in 

the oil to water combination with minimum requirement of 

area. 

 
Graph 2: LMTD vs hot fluid outlet temperature 

The graph of LMTD vs Hot fluid outlet 

temperature clearly shows that the LMTD rate increases the 

out let temperature decreases and for this condition 

maximum heat transfer rate is obtained. For maximum heat 

transfer LMTD should be high. 

 
Graph 3: LMTD vs velocity 

The graph of LMTD vs Velocity indicates that 

velocity rate have great effect on the LMTD. The LMTD 

decreases as the velocity decreases and increases as the 

velocity increases. 

V. CONCLUSION 

The experiment was carried out on the setup of gaskated 

plate type heat exchanger. The experiment was carried out 

in different conditions like water to water, oil to water, sea 

water to hot water to water. The calculations are carried out 

for Heat duty, heat absorb by Heat absorb by cold fluid, Hot 

fluid mean temperature, Cold fluid mean temperature, 

Hydraulic diameter, Flow area of fluid, Velocity of fluid, 

Reynolds number, Prandit number, Nusset number, Over all 

heat transfer co efficient(U), LMTD, Area required, Area of 

single plate, and number of plate. The following conclusions 

are drawn: 

1) Oil has better heat transfer for the same area so it 

requires minimum area of plate. 

2) The high rate of LMTD increases the rate of heat 

transfer for every fluid. 

3) The high rate of LMTD decreases the area require for 

heat transfer. 

4) The outlet temperature decreases as the LMTD 

increases. 

5) The use of oil has maximum heat transfer than 

remaining the fluids. 
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6) The velocity plays very important role in the heat 

transfer. The increase in velocity increases the LMTD 

and vice versa. 
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