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Abstract - Cross flow plate fin type heat exchangers use 
corrugated metal plates to transfer heat energy between two 
fluids which flow in directions normal to each other. These 
heat exchangers are compact heat exchangers which provide 
high heat transfer surface area to volume ratio. Using 
corrugated sheets on each side of the flat plates, form a thin 
flow pass for hot and cold fluid streams making it to more 
compact, high effective and  more heat transfer capacity. Due 
to its compactness, light weight and high heat transfer 
capacity into small volume, these heat exchangers are widely 
used in Aerospace, Cryogenics and other mobile units where 
weight and volume are prime considerations. Certain 
important parameters which play a vital role in predicting the 
performance of heat exchangers can be determined  through  a 
detailed experimental analysis. These parameters also depend 
on the types  of heat exchangers, types, concentration and flow 
rates of cold fluids used for heat exchanging purposes. The 
objective of this analysis is to study the heat transfer 
characteristics in cross flow plate fin type heat exchanger, 
using non-Newtonian fluid (Carboxy Methyl Cellulose) as cold 
fluid. The experimental analysis were conducted using 
different concentrations (0.01, 0.05 and 0.1%) of cold fluid  at 
different flow rates  for determining  its  effect on heat 
exchanger parameters such as individual heat transfer 
coefficient, overall heat transfer coefficient, fin effectiveness, 
surface effectiveness and heat exchanger effectiveness. 
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effectiveness, Surface effectiveness, Heat exchanger 
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1. INTRODUCTION  
 
Cross flow plate fin type heat exchangers provide large heat 
transfer area in a small space with increased heat transfer 
efficiency. It consists of corrugated metal plates placed 
between the flat plates and the structure is joined together 
by brazing or welding. The corrugated sheets that are sand 
witched between the plates, serve as fins to give extra heat 
transfer area and to provide structural support to the flat 
plates by holding the plates together. Hot and cold fluid 
streams flow in perpendicular directions along the passages 
made by corrugations between the parting sheets. Due to its 
significant inherent advantages with high efficiency and high 
degree of compactness these heat exchangers play a 
prominent role in cryogenic and aerospace applications. 

Aluminium as a light material and having high thermal 
conductivity is being widely used as an ideal heat exchanger 
material for these applications. But its use is limited for long 
time service at higher temperatures, usually to a maximum 
temperature of 250°C. Heat exchangers used for these 
applications should have high thermal effectiveness. 
Therefore it is important to conduct the analysis of heat 
transfer characteristics in a cross flow plate fin type heat 
exchanger, using different variety of cold fluids to study its 
effect on heat exchanger parameters and to find solutions for 
the limitations encountered in various applications. Review 
of literatures related to this investigation reveals that, a wide 
range of non-Newtonian fluids which offer good heat 
transfer performance were used in the past, as cold fluid for 
conducting the heat transfer performance studies. Non-
Newtonian fluids were seen used in the heat transfer  
analysis of parallel and counter flow plate heat exchangers. 
The performance analysis for the present study was 
conducted experimentally in a cross flow plate fin type heat 
exchanger using Carboxy Methyl Cellulose (CMC) as non-
Newtonian fluid at different concentrations and flow rates. 
The data obtained from the experiment were used for 
determining the individual heat transfer coefficient, overall 
heat transfer coefficient, fin effectiveness, surface 
effectiveness and heat exchanger effectiveness for the 
analysis of  heat transfer characteristics in cross flow plate 
fin type heat exchangers.  
 

2. MATERIALS AND METHODS 
 

2.1 Materials for heat exchanger  and its 
construction features 
 
Cross flow plate fin type heat exchanger required for 
experimental analysis of heat transfer characteristic was 
constructed by fabrication using Aluminium  as its material. 
The heat exchanger was made of two plates, a strip of 
corrugated sheet and a flat plate which were folded on both 
sides, so as to provide an enclosure to the corrugations. 
Corrugations were joined to the flat plates by welding. Flat 
plates acts as primary and the corrugations as secondary 
heat transfer surface. The inlet header joins the inlet face of 
the heat exchanger core to the inlet supply pipe and the 
outlet header joins the outlet face of  the heat exchanger core 
to the return pipe of respective fluid streams. The schematic 
diagram of the heat exchanger is shown in figure 1.  
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Fig -1: Schematic diagram of cross flow plate fin type heat 
exchanger 

 
2.2 Materials for cold fluid. 
 
This study considered a non-Newtonian fluid as cold fluid for 
conducting the experiment in cross flow plate fin type heat 
exchanger. The base fluid that used in this experimental 
studies was Carboxyl Methyl Cellulose - CMC (C8H15NaO8) 
which is a non-Newtonian fluid having better exchanger 
effectiveness 

 
2.3 Experimental set up and procedure 
 
Experimental analysis of cross flow plate fin heat exchanger 
was conducted using Carboxy Methyl Cellulose (CMC) as cold 
fluid for different flow rates and concentrations as follows:   

Initially the boiler was filled with soft water and the electric 
heater was switched on to produce steam at required 
quantity and temperature. 

The required composition of CMC solution was prepared in a 
storage vessel at room temperature and atmospheric 
pressure. 

Inlet valve on the cold fluid stream circuit was opened and 
Water-CMC solution at a concentration 0.01% on volume 
basis was allowed to pass through the heat exchanger using a 
centrifugal pump.  

After ensuring enough quantity of steam at required 
temperature that was generated in the boiler, the inlet valve 
on the hot fluid stream circuit was opened and the steam was 
allowed to pass through the heat exchanger. 

After a steady state has been reached, the flow rate, inlet and 
outlet temperature of both cold and hot fluids were noted and 
recorded. 

The experiment was repeated for same concentration 
(0.01%) but for different flow rates of cold fluid. Inlet and 
outlet temperature of both cold and hot fluids were noted and 
recorded for each flow rate. 

The experiments were repeated for different flow rates and 
concentrations (0,05% and 0.1%) of Water-CMC solutions. 

The data obtained from experimental studies were analyzed 
using MATLAB software. 

The schematic diagram for experimental set up is shown in  
figure 2. 

 

Fig -2: Schematic diagram for experimental set up 

2.4 Experimental observations and predictions 

The following data collected during experimental analysis for 
different flow rates and concentrations of Water-CMC system 
were recorded: 

 Temperature of cold fluid before and after the heat 
exchanger t1 and t2 respectively. 

 Temperature of hot fluid before and after the heat 
exchanger T1 and T2 respectively. 

Following heat exchanger parameters were determined using 
the collected data, for different flow rates and concentrations 
of Water-CMC system.: 

 Reynolds number for both cold and hot fluids 

 Individual heat transfer coefficient for both cold and 
hot fluids 

 Fin effectiveness for both cold and hot fluids 

 Surface effectiveness for both cold and hot fluids 

 Overall heat transfer coefficient 

 Heat exchanger effectiveness 

 Capacity ratio   

 Number of Transfer Units 

The data obtained from experimental analysis and the heat 
exchanger parameters calculated for different flow rates and 
concentrations of Water-CMC system are tabulated in table 1, 
2 and 3  as shown below. 
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Table -1: Water –CMC (0.01%) 

Cold Fluid 
(Water-CMC) 

Hot Fluid 
(Water) 

Heat Transfer 
Coefficient 

 

C* 

 

NTU 

Fin 
Effective-

ness 

Surface 
Effective-

ness 
Excha
nger 

Effect
ivene

ss 
Fluid 

temperature 

Reyno
lds 

numb
er 

Fluid 
temperature 

Reyno
lds 

numb
er 

Hot 
Fluid 

Cold 
Fluid 

Over- 
all 

Hot 

Fluid 

Cold 

Fluid 

Hot 

Fluid 

Cold 

Fluid 

t1 t2 
NRe 

T1 T2 
NRe 

hh hc U ƞf, h ƞf, c ƞo, h ƞo, c Ɛ 

◦C ◦C W/m2K W/m2K W/m2K % % % % % 

30 48.5 4.28 121 90.5 14.156 9.999 8.433 4.571 0.388 0.484 99.87 99.89 99.90 99.92 32.59 

30 47.5 5.67 121 89 13.977 9.733 11.185 5.199 0.517 0.413 99.87 99.85 99.91 99.89 29.20 

30 47.5 6.24 121 87.5 13.803 9.504 12.304 5.356 0.569 0.386 99.87 99.84 99.91 99.88 27.87 

30 47 7.06 121 88 13.861 8.893 13.945 5.423 0.646 0.344 99.88 99.81 99.91 99.87 25.61 

30 46.5 7.32 121 87 13.747 8.910 14.465 5.505 0.672 0.336 99.88 99.81 99.91 99.86 25.15 

30 45 7.81 121 86.5 13.690 8.751 15.458 5.580 0.724 0.316 99.88 99.79 99.92 99.85 24.02 

30 43 8.26 121 85 13.524 8.772 16.393 5.705 0.775 0.302 99.88 99.78 99.92 99.84 23.18 

 
 

 

Table -2: Water –CMC (0.05%) 

 

Cold Fluid 
(Water-CMC) 

Hot Fluid 
(Water) 

Heat Transfer 
Coefficient 

 

C* 

 

NTU 

Fin 
Effective-

ness 

Surface 
Effective-

ness 
Excha
nger 

Effect
ivene

ss 
Fluid 

temperature 

Reyno
lds 

numb
er 

Fluid 
temperature 

Reyno
lds 

numb
er 

Hot 
Fluid 

Cold 
Fluid 

Over- 
all 

Hot 

Fluid 

Cold 

Fluid 

Hot 

Fluid 

Cold 

Fluid 

t1 t2 
NRe 

T1 T2 
NRe 

hh hc U ƞf, h ƞf, c ƞo, h ƞo, c Ɛ 

◦C ◦C W/m2K W/m2K W/m2K % % % % % 

30 48 4.27 121 90 14.052 10.219 8.411 4.610 0.388 0.488 99.86 99.89 99.90 99.92 32.78 

30 47 5.65 121 89 13.977 9.733 11.156 5.193 0.517 0.412 99.87 99.85 99.91 99.89 29.18 

30 46.5 6.20 121 88.5 13.919 9.488 12.240 5.339 0.569 0.385 99.87 99.84 99.91 99.88 27.80 

30 46 7.02 121 88 13.861 9.272 13.873 5.550 0.646 0.352 99.88 99.81 99.91 99.87 26.05 

30 45 7.25 121 87.5 13.804 9.080 14.353 5.554 0.672 0.339 99.88 99.81 99.91 99.86 25.31 

30 44.5 7.78 121 86 13.634 8.922 15.418 5.643 0.724 0.320 99.88 99.79 99.91 99.85 24.23 

30 44 8.31 121 85.5 13.579 8.929 16.477 5.782 0.775 0.306 99.88 99.78 99.91 99.84 23.41 
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Table -3: Water –CMC (0.1%) 

Cold Fluid 
(Water-CMC) 

Hot Fluid 
(Water) 

Heat Transfer 
Coefficient 

 

C* 

 

NTU 

Fin 
Effective-

ness 

Surface 
Effective- 

ness 
Excha
nger 

Effect
ivene

ss 
Fluid 

temperature 

Reyno
lds 

numb
er 

Fluid 
temperature 

Reyno
lds 

numb
er 

Hot 
Fluid 

Cold 
Fluid 

Over- 
all 

Hot 

Fluid 

Cold 

Fluid 

Hot 

Fluid 

Cold 

Fluid 

t1 t2 
NRe 

T1 T2 
NRe 

hh hc U ƞf, h ƞf, c ƞo, h ƞo, c Ɛ 

◦C ◦C W/m2K W/m2K W/m2K % % % % % 

30 48.5 4.28 121 88 13.861 10.790 8.433 4.730 0.388 0.500 99.86 99.89 99.90 99.92 33.35 

30 48 5.69 121 87 13.747 10.399 11.215 5.390 0.517 0.428 99.86 99.85 99.90 99.89 29.96 

30 47.5 6.52 121 86.5 13.690 10.066 12.863 5.640 0.594 0.389 99.87 99.83 99.90 99.88 28.01 

30 47 7.06 121 86 13.634 9.781 13.945 5.741 0.646 0.364 99.87 99.81 99.91 99.87 26.71 

30 46.5 7.60 121 85.5 13.579 9.535 15.022 5.824 0.698 0.342 99.87 99.80 99.91 99.86 25.50 

30 45 8.09 121 85 13.524 9.318 16.010 5.881 0.749 0.322 99.88 99.79 99.91 99.85 24.34 

30 44.5 8.34 121 84.5 13.469 9.124 16.519 5.868 0.775 0.310 99.88 99.78 99.91 99.84 23.68 

 
 

3. RESULTS AND DISCUSSION 
 
3.1 Graphical representation 

Based on the results obtained from the analysis of heat 
transfer characteristics in cross flow plate fin type heat 
exchanger, for Water-CMC at different compositions, graphs 
are plotted for relevant heat exchanger parameters. The 
results are graphically represented for individual  heat 
transfer coefficients, overall heat transfer coefficients, fin  
temperature effectiveness, surface temperature effectiveness 
and heat exchanger effectiveness with respect to the 
Reynolds number of hot and cold fluids. 

 3.2 Heat transfer coefficient Vs Reynolds number 

Charts 1 and 2 shown below are the graphical representation 
between the Reynolds number and the individual heat 
transfer coefficient (hot and cold side) for different 
compositions of CMC to analyze the changes that have been 
occurred due to the variation in flow rate and composition of 
non-Newtonian fluid.  

 

 

 

 

 

 

 

 

Chart -1: Heat transfer coefficient Vs Reynolds number 
(hot side) for Water-CMC system 

 

 
 

Chart -2: Heat transfer coefficient Vs Reynolds number 
(cold side) for Water-CMC system 
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3.3 Overall heat transfer coefficient Vs Reynolds 
number 

Charts 3 and 4 shown below are the graphical representation 
between the Reynolds number (hot and cold side) and the 
overall heat transfer coefficient for different compositions of 
CMC to analyze the  changes that have been occurred due to 
the variation in flow rate and composition of non-Newtonian 
fluid. 

 

Chart -3: Overall heat transfer coefficient Vs Reynolds 
number (hot side) for Water-CMC system 

 

Chart -4: Overall heat transfer coefficient Vs Reynolds 
number (cold side) for Water-CMC system 

3.4 Fin effectiveness Vs Reynolds number  

Charts 5 and 6 shown below are the graphical representation 
between the Reynolds number and fin temperature 
effectiveness (hot and cold side)  for different compositions 
of CMC to analyze the changes that have been occurred due to 
the variation in flow rate and composition of non-Newtonian 
fluid. 

 

 

 

 

Chart -5: Fin effectiveness Vs Reynolds number (hot side) 
for Water-CMC system 

 

Chart -6: Fin effectiveness Vs Reynolds number (cold 
side) for Water-CMC system 

3.5 Surface effectiveness Vs Reynolds number 

Charts 7 and 8 shown below are the graphical representation 
between the Reynolds number and the surface effectiveness  
(hot and cold side) for different compositions of CMC to 
analyze the changes that have been occurred due to the 
variation in flow rate and composition of non-Newtonian 
fluid. 

 

Chart -7: Surface effectiveness Vs Reynolds number (hot 
side) for Water-CMC system 
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Chart -8: Surface effectiveness Vs Reynolds number (cold 
side) for Water-CMC system 

3.6 Exchanger effectiveness Vs Reynolds number 

Charts 9 and 10 shown below are the graphical 
representation between the Reynolds number (hot and cold 
side) and the exchanger effectiveness for different 
compositions of CMC  to analyze the changes that have been 
occurred due to the variation in flow rate and composition of 
non-Newtonian fluid. 

 

Chart -9: Exchanger effectiveness Vs Reynolds number 
(hot side) for Water-CMC system 

 

Chart -10: Exchanger effectiveness Vs Reynolds number 
(cold side) for Water-CMC system 

3.7 Result analysis and comparison 

From the results of experimental analysis conducted on 
cross flow plate fin type heat exchanger for various 
compositions (0.01%, 0.05% and 0.1%) of non Newtonian 
fluid (Water-CMC system), the following observations are 
made:  

The individual heat transfer coefficient increases with the 
increase in Reynolds number for different compositions of  
Water-CMC system (hot side). 

The individual heat transfer coefficient increases with the 
increase in Reynolds number for different composition of 
Water-CMC system (cold side).  

The overall heat transfer coefficient decreases with the 
increase in Reynolds number for different compositions of 
Water-CMC system (hot side).  

The overall heat transfer coefficient increases with the 
increase in Reynolds number for different compositions of 
Water-CMC system (cold side). 

The fin effectiveness decreases with the increase in Reynolds 
number for different compositions of Water-CMC system  
(hot side).  

The fin effectiveness decreases with the increase in Reynolds 
number for different compositions of Water-CMC system 
(cold side). 

The surface effectiveness decreases with the increase in 
Reynolds number for different compositions of Water-CMC 
system (hot side).  

The surface effectiveness decreases with the increase in 
Reynolds number for different compositions of Water-CMC 
system (cold side). 

The exchanger effectiveness increases with the increase in 
Reynolds number for Water-CMC system (hot side).  

The exchanger effectiveness decreases with the increase in 
Reynolds number for Water-CMC system (cold side). 

4. CONCLUSIONS 

On the basis of the experiments conducted on cross flow plate 
fin type heat exchanger with non-Newtonian fluid (Carboxy 
Methyl Cellulose) as cold fluid, the  effect of variation in the 
flow rate and composition of non-Newtonian fluid on 
different heat exchanger parameters such as Reynolds 
number, individual heat transfer coefficient, overall heat 
transfer coefficient, fin effectiveness, surface effectiveness 
and heat exchanger effectiveness have been analyzed. 
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From the analysis of heat transfer characteristics of cross 
flow plate fin type heat exchanger the following main 
conclusions have been arrived:  

 The heat exchanger effectiveness  increases with the 
increase in concentration of non-Newtonian fluid. 

 The individual heat transfer coefficient increases 
with the increase in concentration of non-Newtonian 
fluid. 

 The overall heat transfer coefficient  increases with 
the increase in concentration of non-Newtonian 
fluid. 
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