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ABSTRACT 
In the present work, 
mathematical analyses have 
been performed for different 
designs of a concentric triple 
tube heat exchanger for the 
enhancement of thermal 
performance. The main 
objective of the present work is 
to perform mathematical 
analysis of triple concentric tube 
heat exchanger has to be 
designed for the various 
conditions using graphene nanoplatelets–platinum nano-fluid. Concentric triple tube heat exchanger used without baffle, straight baffle and 
inclined baffles with the inclination angle of 45°, 60° and 75°. For this analysis of concentric triple tube heat exchanger are divided into three 
different domains such as two cold fluids in the inner and outer tube and one hot fluid in the middle tube at different nano-fluid concentration 
including 0.0, 0.02, 0.06 & 0.1%. Results show that triple tube heat exchanger with inclined baffle at 75° gives maximum outlet temperature for 
nano-fluid of 20.77 °K for ø = 0.1which is 21.71% greater than without baffle, 33.56 % greater than straight baffles and 20.58% greater than 
baffles inclined at 60°. The heat transfer rate of 17.98% higher than without baffle, 27.79% higher than straight baffle and 17.04% higher than 
baffles inclined at 60°, while the maximum overall heat transfer coefficient of 0.9832 for ø = 0.1 have been observed. Hence concentric triple 
tube heat exchanger with inclined ribs at 75° recommended for better heat transfer. 

Keywords: Triple tube heat exchanger, Thermal performance, Nano-fluid, Concentration ratio, heat transfer rate.

INTRODUCTION 
Triple tube heat exchanger consists mainly three sections which 

are inner tube, inner annulus and outer annulus. It is required to 
flow the objective fluid whose temperature differences is of main 
concern for application fulfillment in the inner annulus for taking 
maximum benefit of the heat exchanger. The other two 
compartments which are inner tube and outer annulus have to be 
filled with appropriate temperature fluid as per the application 

requirement. The inner annulus has two heat exchange surfaces 
(inner tube outer surface and outer tube inner surface) which 
increases the heat exchange area of heat exchanger marginally 
compared to double tube heat exchanger (has only one heat 
exchange surface) subsequently increases the rate of heat exchange. 
It also in terms increases the efficiency of heat exchanger. 
Therefore, it also decreases the length of heat exchanger for the 
same temperature difference compared to double tube heat 
exchanger. 

 
WORKING PRINCIPLE OF TRIPLE CONCENTRIC TUBE HEAT 
EXCHANGER  

A schematic diagram of the triple concentric-tube heat 
exchanger configuration is shown in figure 1. Three fluids being 
considered which are chilled water in the inner tube, hot water in 
the inner annulus, and normal tap water in the outer annulus of the 
heat exchanger.  
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Figure 1. Schematic diagram of the triple concentric-tube heat 
exchanger 
 
POSSIBLE FLOW PATTERNS ON TRIPLE CONCENTRIC TUBE 
HEAT EXCHANGER 

Possible four flow arrangements as shown in figure 2 where 
Position A to D of the three fluids inside the triple tube heat 
exchanger including the counter-current, co-current, counter-
current with co-current and co-current with counter-current flow. 

 

 

 

 

 
Figure 2. Possible flow patterns on the triple tube heat exchanger; A 
(Counter-current), B (Co-current), C (Counter-Current & Co-current) 
& D (Co-Current & Counter-Current) 
 

The heat transfer surface area associated is more with 
intermediate temperature water side than the same with chilled 
water side leading to better heat transfer rate. It can be seen from 
the figure that the effectiveness decreases with the increase of 
Reynolds number for all flow pattern arrangements. The highest 
values of the effectiveness is obtained for position (A) followed by 
position (D) followed by position (C) while the position (B) has the 
lowest effectiveness values.  

The main objective of the present work is to perform 
mathematical analysis of triple concentric tube heat exchanger has 
to be designed for the various conditions using graphene 
nanoplatelets–platinum nano-fluid.  
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a parallel-flow three-fluid heat exchanger.24 Numerical simulation 
of triple concentric-tube heat exchangers.25 Case studies of 
theoretical analysis of triple concentric-tube heat exchangers.26 It 
has been observed from the above works of literature that there is a 
lot of work has been carried out and still going on to improve the 
performance of triple tube heat exchangers. Most of the research is 
available on Shell and tube, Double & Triple tube heat exchangers 
using nanofluid, ferrofluid, etc. Various Experimental, Numerical, 
and Computational fluid dynamic analyses were investigated to 
improve the thermo-hydraulic behavior by changing its design and 
various geometrical parameters. 

METHODOLOGY 
The mathematical analysis of concentric triple tube heat 

exchanger has been conducted in present work involved for 
cooling. The cold fluids flow in the inner tube and outer tube at a 
temperature of 𝑇𝑇𝑐𝑐1(𝑖𝑖𝑖𝑖) and exits at temperatures 𝑇𝑇𝑐𝑐1(𝑜𝑜𝑢𝑢𝑡𝑡) where 
𝑇𝑇𝑐𝑐2(𝑜𝑜𝑢𝑢𝑡𝑡) in the inner tube and outer tube, respectively. The hot fluid 
which has to be cooled enters from the inner annulus of the triple 
tube heat exchanger at a temperature of 𝑇𝑇ℎ(𝑖𝑖𝑖𝑖) and exits at a 
temperature of 𝑇𝑇ℎ(𝑜𝑜𝑢𝑢𝑡𝑡) as shown in figure 3. 
  

 
Figure 3. Arrangement of fluid flow in triple tube heat exchanger 
 

Modeling of the heat transfer in a triple tube heat exchanger is 
not the same for the case where the hot fluid flows in the same 
direction as the cold fluid and the case where the hot fluid flows in 
the opposite direction as the cold fluid. Therefore, the formulations 
for these two different arrangements are analyzed separately. 
There are some assumptions have been considered for simplicity: 
The system is at steady state. 
Both fluids are incompressible. 
Fluid properties are constant. 
Phase change does not occur at any point in the heat exchanger. 
The heat exchanger is insulated from the surroundings. 
 
Table 1. Dimensions of Ribbed concentric triple tube heat exchanger 

Parameter Value  
Rib heights H (mm) 9 
Rib pitches λ (mm) 50 
heat exchanger length l (mm) 500  
thickness of the walls (tb) (mm) 2.77  
diameters of the inner tubes (mm) 13.51  
diameters of intermediate tubes (mm) 45.26  
outer tube diameter (mm) 70.66  
Ribs thickness (tR) (mm) 2  
material of both tubes and ribs  Aluminum 
Thermal conductivity (W/mK) 200  

HEAT TRANSFER RATE OF THE HOT NANOFLUID, COLD FLUID 
AND NORMAL FLUID 

𝑞𝑞𝑖𝑖𝑛𝑛 =  �̇�𝑚𝑖𝑖𝑛𝑛. 𝑐𝑐𝑝𝑝,𝑖𝑖𝑛𝑛�𝑇𝑇𝑖𝑖𝑛𝑛,𝑖𝑖𝑖𝑖 − 𝑇𝑇𝑖𝑖𝑛𝑛,𝑜𝑜𝑢𝑢𝑡𝑡� 
𝑞𝑞𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 =  �̇�𝑚𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 . 𝑐𝑐𝑝𝑝,𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 �𝑇𝑇𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐,𝑜𝑜𝑢𝑢𝑡𝑡 − 𝑇𝑇𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐,𝑖𝑖𝑖𝑖� 

𝑞𝑞𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 =  �̇�𝑚𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 . 𝑐𝑐𝑝𝑝,𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐�𝑇𝑇𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐,𝑜𝑜𝑢𝑢𝑡𝑡 − 𝑇𝑇𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐,𝑖𝑖𝑖𝑖� 
 
Where 𝑞𝑞𝑖𝑖𝑛𝑛, 𝑞𝑞𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐  &𝑞𝑞𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 are heat transfer rate of the hot 
nanofluid, cold fluid and normal fluid, �̇�𝑚𝑖𝑖𝑛𝑛, �̇�𝑚𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐& �̇�𝑚𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 are 
mass flow rate of the hot nanofluid, cold fluid and normal fluid, 
𝑐𝑐𝑝𝑝,𝑖𝑖𝑛𝑛,𝑐𝑐𝑝𝑝,𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐  & 𝑐𝑐𝑝𝑝,𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 are specific heat of the hot nanofluid, cold 
fluid and normal fluid, 𝑇𝑇𝑖𝑖𝑛𝑛,𝑖𝑖𝑖𝑖is temperature of hot fluid at inlet, 
𝑇𝑇𝑖𝑖𝑛𝑛,𝑜𝑜𝑢𝑢𝑡𝑡 is temperature of hot fluid at outlet, 𝑇𝑇𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐,𝑜𝑜𝑢𝑢𝑡𝑡 is temperature 
of cold fluid at outlet, 𝑇𝑇𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐,𝑖𝑖𝑖𝑖 is temperature of cold fluid at inlet, 
𝑇𝑇𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐,𝑜𝑜𝑢𝑢𝑡𝑡 is temperature of normal fluid at outlet, 𝑇𝑇𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐,𝑖𝑖𝑖𝑖 is 
temperature of normal fluid at inlet. 
 
Overall heat transfer coefficient of the concentric triple tube 
heat exchanger 

𝑈𝑈 =
𝑞𝑞�

𝐴𝐴𝑐𝑐𝑛𝑛𝑜𝑜𝑐𝑐𝑐𝑐,𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑛𝑛 × 𝐿𝐿𝐿𝐿𝑇𝑇𝐿𝐿𝑛𝑛𝑎𝑎𝑎𝑎
 

Where 𝑈𝑈 is overall heat transfer coefficient, 𝐴𝐴𝑐𝑐𝑛𝑛𝑜𝑜𝑐𝑐𝑐𝑐,𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑛𝑛 is Inner 
tube area  
Average logarithmic mean temperature differences 

𝐿𝐿𝐿𝐿𝑇𝑇𝐿𝐿𝑛𝑛𝑎𝑎𝑎𝑎 =  
𝐿𝐿𝐿𝐿𝑇𝑇𝐿𝐿�𝑜𝑜𝑡𝑡 & 𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 + 𝐿𝐿𝐿𝐿𝑇𝑇𝐿𝐿�𝑜𝑜𝑡𝑡 & 𝑖𝑖𝑛𝑛

2
 

Where 𝐿𝐿𝐿𝐿𝑇𝑇𝐿𝐿𝑛𝑛𝑎𝑎𝑎𝑎 is Average logarithmic mean temperature 
differences, 𝐿𝐿𝐿𝐿𝑇𝑇𝐿𝐿�𝑜𝑜𝑡𝑡 & 𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 is Logarithmic mean temperature 
differences of hot & cold fluid, 𝐿𝐿𝐿𝐿𝑇𝑇𝐿𝐿�𝑜𝑜𝑡𝑡 & 𝑖𝑖𝑛𝑛 is Logarithmic mean 
temperature differences of hot & nano-fluid 

𝐿𝐿𝐿𝐿𝑇𝑇𝐿𝐿�𝑜𝑜𝑡𝑡 & 𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 =
∆𝑇𝑇1 − ∆𝑇𝑇2

𝑙𝑙𝑙𝑙 �∆𝑇𝑇1∆𝑇𝑇2
�

 

And  

𝐿𝐿𝐿𝐿𝑇𝑇𝐿𝐿�𝑜𝑜𝑡𝑡 & 𝑖𝑖𝑛𝑛 =  
∆𝑇𝑇3 − ∆𝑇𝑇4

𝑙𝑙𝑙𝑙 �∆𝑇𝑇3∆𝑇𝑇4
�

 

Where 
∆𝑇𝑇1 = 𝑇𝑇�𝑜𝑜𝑡𝑡,𝑖𝑖𝑖𝑖 − 𝑇𝑇𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐,𝑜𝑜𝑢𝑢𝑡𝑡 
∆𝑇𝑇2 = 𝑇𝑇�𝑜𝑜𝑡𝑡,𝑜𝑜𝑢𝑢𝑡𝑡 − 𝑇𝑇𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐,𝑖𝑖𝑖𝑖 
∆𝑇𝑇3 = 𝑇𝑇�𝑜𝑜𝑡𝑡,𝑖𝑖𝑖𝑖 − 𝑇𝑇𝑖𝑖𝑛𝑛,𝑜𝑜𝑢𝑢𝑡𝑡 
∆𝑇𝑇4 = 𝑇𝑇�𝑜𝑜𝑡𝑡,𝑜𝑜𝑢𝑢𝑡𝑡 − 𝑇𝑇𝑖𝑖𝑛𝑛,𝑖𝑖𝑖𝑖 

Effectiveness of concentric triple tube heat exchanger 
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑐𝑐𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑙𝑙𝐸𝐸𝐸𝐸𝐸𝐸 =

𝑞𝑞�
𝑞𝑞𝑛𝑛𝑛𝑛𝑚𝑚

 

Where 𝑞𝑞� is heat transfer rate for hot fluid, 𝑞𝑞𝑛𝑛𝑛𝑛𝑚𝑚 is Maximum 
possible heat transfer rate. 
 
Bulk mean temperature of cold fluid 

𝑇𝑇𝑏𝑏,𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 =
𝑇𝑇𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐−1,𝑖𝑖𝑖𝑖 + 𝑇𝑇𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐−1,𝑜𝑜𝑢𝑢𝑡𝑡

2
 

Where 𝑇𝑇𝑏𝑏,𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐  is bulk mean temperature of cold fluid, 𝑇𝑇𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐−1,𝑖𝑖𝑖𝑖 is 
inlet temperature of cold fluid, 𝑇𝑇𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐−1,𝑜𝑜𝑢𝑢𝑡𝑡 is cold temperature of 
cold fluid. 
Bulk mean temperature of hot fluid. 

𝑇𝑇𝑏𝑏,�𝑜𝑜𝑡𝑡 =
𝑇𝑇�𝑜𝑜𝑡𝑡,𝑖𝑖𝑖𝑖 + 𝑇𝑇�𝑜𝑜𝑡𝑡,𝑜𝑜𝑢𝑢𝑡𝑡

2
 

Where 𝑇𝑇𝑏𝑏,�𝑜𝑜𝑡𝑡 is bulk mean temperature of hot fluid, 𝑇𝑇�𝑜𝑜𝑡𝑡,𝑖𝑖𝑖𝑖 is inlet 
temperature of hot fluid & 𝑇𝑇�𝑜𝑜𝑡𝑡,𝑜𝑜𝑢𝑢𝑡𝑡 is outlet temperature of hot fluid. 
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Liner velocity of nano fluid  

𝐸𝐸𝑖𝑖𝑛𝑛 =
�̇�𝑚𝑖𝑖𝑛𝑛

𝜌𝜌𝑖𝑖𝑛𝑛𝐴𝐴𝑐𝑐𝑛𝑛𝑜𝑜𝑐𝑐𝑐𝑐 𝑛𝑛𝑖𝑖𝑐𝑐
 𝑚𝑚/𝐸𝐸𝐸𝐸𝑐𝑐 

Where 𝐸𝐸𝑖𝑖𝑛𝑛 is liner velocity of nano fluid, �̇�𝑚𝑖𝑖𝑛𝑛 is mass flow rate of 
nano-fluid, 𝜌𝜌𝑖𝑖𝑛𝑛 is density of nano-fluid & 𝐴𝐴𝑐𝑐𝑛𝑛𝑜𝑜𝑐𝑐𝑐𝑐 𝑛𝑛𝑖𝑖𝑐𝑐 is cross section 
area of middle tube. 
 
Liner velocity of cold water  
 

𝐸𝐸𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 =
�̇�𝑚𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐

𝜌𝜌𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝐴𝐴𝑐𝑐𝑛𝑛𝑜𝑜𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑛𝑛
 𝑚𝑚/𝐸𝐸𝐸𝐸𝑐𝑐 

Where 𝐸𝐸𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 is liner velocity of cold water, �̇�𝑚𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 is mass flow rate 
of cold water, 𝜌𝜌𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 is density of cold fluid & 𝐴𝐴𝑐𝑐𝑛𝑛𝑜𝑜𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑛𝑛  is cross 
sectional area of inner tube. 
Liner velocity of normal water  

𝐸𝐸𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 =
�̇�𝑚𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐

𝜌𝜌𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐𝐴𝐴𝑐𝑐𝑛𝑛𝑜𝑜𝑐𝑐𝑐𝑐 𝑜𝑜𝑢𝑢𝑡𝑡𝑖𝑖𝑛𝑛  
 𝑚𝑚/𝐸𝐸𝐸𝐸𝑐𝑐 

Where 𝐸𝐸𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐  is liner velocity of normal water, �̇�𝑚𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 is mass 
flow rate of normal water, 𝜌𝜌𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐  is density of normal water & 
𝐴𝐴𝑐𝑐𝑛𝑛𝑜𝑜𝑐𝑐𝑐𝑐 𝑜𝑜𝑢𝑢𝑡𝑡𝑖𝑖𝑛𝑛 is cross sectional area of outer tube. 
Reynolds No. of GNPs 

𝑅𝑅𝑖𝑖,𝑖𝑖𝑛𝑛 =
𝜌𝜌𝑖𝑖𝑛𝑛𝐸𝐸𝑖𝑖𝑛𝑛𝐿𝐿𝑛𝑛𝑖𝑖𝑐𝑐

𝜇𝜇𝑖𝑖𝑛𝑛
 

Where 𝑅𝑅𝑖𝑖,𝑖𝑖𝑛𝑛 is Reynolds number of nano-fluid, 𝐿𝐿𝑛𝑛𝑖𝑖𝑐𝑐 is diameter of 
middle tube, 𝜇𝜇𝑖𝑖𝑛𝑛 is kinematic viscosity of nano-fluid. 
Reynolds No. of cold water 

𝑅𝑅𝑖𝑖,𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 =
𝜌𝜌𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝐸𝐸𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑛𝑛

𝜇𝜇𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐
 

Where 𝑅𝑅𝑖𝑖,𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 is Reynolds number of cold water, 𝜌𝜌𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 is density of 
cold water & 𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑛𝑛  = diameter of inner tube. 
Reynolds No. of normal water 

𝑅𝑅𝑖𝑖,𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 =
𝜌𝜌𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐𝐸𝐸𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐𝐿𝐿𝑜𝑜𝑢𝑢𝑡𝑡

𝜇𝜇𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐
 

Where 𝑅𝑅𝑖𝑖,𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 is Reynolds number of normal water, 𝐿𝐿𝑜𝑜𝑢𝑢𝑡𝑡 is 
diameter of outer tube & 𝜇𝜇𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 is kinematic viscosity of normal 
water. 
 
Calculation of Nusselt no. of GNPs: 

𝑁𝑁𝑁𝑁𝑖𝑖𝑛𝑛 =  
�𝑖𝑖𝑛𝑛𝐿𝐿�,𝑖𝑖𝑛𝑛

𝑘𝑘𝑖𝑖𝑛𝑛
= 0.023𝑅𝑅𝑖𝑖,𝑖𝑖𝑛𝑛

0.8 × 𝑃𝑃𝑃𝑃𝑖𝑖𝑛𝑛0.4 

Where 𝑁𝑁𝑁𝑁𝑖𝑖𝑛𝑛 is Nusselt number of nano-fluid, �𝑖𝑖𝑛𝑛 is convective 
coefficient of nanao-fluid, 𝑘𝑘𝑖𝑖𝑛𝑛 is thermal conductivity of nano-
fluid, 𝐿𝐿�,𝑖𝑖𝑛𝑛 is hydraulic diameter of nano-fluid & 𝑃𝑃𝑃𝑃𝑖𝑖𝑛𝑛 is Prandelt 
number of nano-fluid. 
Calculation of Nusselt no. of cold water: 

𝑁𝑁𝑁𝑁𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 =  
�𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝐿𝐿�,𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐

𝑘𝑘𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐
= 0.023 × 𝑅𝑅𝑖𝑖,𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐

0.8 × 𝑃𝑃𝑃𝑃𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐0.4 

Where 𝑁𝑁𝑁𝑁𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 is Nusselt number of cold water, �𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐  is 
convective coefficient of cold water, 𝐿𝐿�,𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 is hydraulic 
diameter of cold water tube & 𝑘𝑘𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 is thermal conductivity 
of cold water. 
Calculation of Nusselt no. of normal water: 

𝑁𝑁𝑁𝑁𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 =  
�𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐𝐿𝐿�,𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐

𝑘𝑘𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐
= 0.023𝑅𝑅𝑖𝑖,𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐

0.8𝑃𝑃𝑃𝑃𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐
0.4 

Where 𝑁𝑁𝑁𝑁𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 is Nusselt number of normal water, �𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 is 
convective coefficient of normal water, 𝐿𝐿�,𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 is hydraulic 
diameter of outer tube & 𝑘𝑘𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 is thermal conductivity of normal 
water. 

 
Heat transfer coefficient for nano-fluid, Normal and cold 
water: 

�𝑖𝑖𝑛𝑛 =  
𝑘𝑘𝑖𝑖𝑛𝑛.𝑁𝑁𝑁𝑁𝑖𝑖𝑛𝑛
𝐿𝐿�𝑖𝑖𝑛𝑛

  𝑊𝑊
𝑚𝑚2.𝑘𝑘�  

Heat transfer coefficient for cold water: 

�𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 =  
𝑘𝑘𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 .𝑁𝑁𝑁𝑁𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐
𝐿𝐿�,𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐

  𝑊𝑊
𝑚𝑚2.𝑘𝑘�  

Heat transfer coefficient for Normal water: 

�𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 =  
𝑘𝑘𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 .𝑁𝑁𝑁𝑁𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐

𝐿𝐿�,𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐

  𝑊𝑊
𝑚𝑚2.𝑘𝑘�  

 
Darcy-Weisbach factor for Newtonian fluids:  

𝐸𝐸𝐷𝐷 =
64
𝑅𝑅𝐸𝐸

 
 
Blasius friction factor for turbulent flow in circular tubes 
Blasius developed an expression of friction factor in 1913 for 
2100 < Re < 105 

𝐸𝐸𝐵𝐵𝑐𝑐𝑛𝑛𝑐𝑐𝑖𝑖𝑢𝑢𝑐𝑐 =
0.0791
𝑅𝑅𝐸𝐸0.32  

Koo friction factor  
Koo introduced another explicit formula in 1933 for a turbulent 
flow for 104< Re < 107 

𝐸𝐸𝑘𝑘𝑜𝑜𝑜𝑜 = 0.0014 +
0.125
𝑅𝑅𝐸𝐸0.32 

The expression for drop through both sides 
Pressure drop for GNPs 

∆𝑝𝑝𝑖𝑖𝑛𝑛 = 4𝐸𝐸𝑖𝑖𝑛𝑛
𝐿𝐿
𝐿𝐿2
𝜌𝜌𝑖𝑖𝑛𝑛

𝜇𝜇𝑖𝑖𝑛𝑛2

2
 

Pressure drop for cold 

∆𝑝𝑝𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐 = 4𝐸𝐸𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐
𝐿𝐿
𝐿𝐿1
𝜌𝜌𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐

𝜇𝜇𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐2

2
 

Pressure drop for normal 

∆𝑝𝑝𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 = 4𝐸𝐸𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐
𝐿𝐿
𝐿𝐿3
𝜌𝜌𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐

𝜇𝜇𝑖𝑖𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐
2

2
 

L =
Vo
∆iLfs

(1 − (DPV + DBT + DUC))  

 
RESULT & DISCUSSION 

For this analysis of concentric triple tube heat exchanger were 
divided into three different domains such as two cold fluids in the 
inner and outer tube and one hot fluid in the middle tube at different 
nano-fluid concentration including 0.0, 0.02, 0.06 & 0.1%. 
 
Table 2: Different calculated area of triple tube heat exchanger 

Parameters Area [m2] 

Lateral Surface Area outer tube = 2𝜋𝜋𝑃𝑃3𝑙𝑙 0.110992 

End cross section of the outer tube=  π(r32 − r22) 0.002313 

Lateral Surface Area intermediate tube = 2𝜋𝜋𝑃𝑃2𝑙𝑙 0.071094 

End cross section of the intermediate tube =
 π(r22 − r12) 

0.001466 

Lateral Surface of the inner tube 2𝜋𝜋𝑃𝑃1(𝑙𝑙 + 𝑃𝑃1) 0.021508 

cross section of the inner tube =  πr12 0.000143 
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Table 3: Liner velocity of nano fluid  
φ (%) Velocity  (m/sec) 

𝒗𝒗 =
𝑹𝑹𝒆𝒆 × 𝝁𝝁

𝝆𝝆 × 𝑫𝑫𝒊𝒊𝒊𝒊𝒊𝒊𝒆𝒆𝒊𝒊
 

Mass flow rate 
�̇�𝒎 = 𝝆𝝆 × 𝑨𝑨 × 𝒗𝒗 

(Kg/Sec) 

Viscosity 
(𝝁𝝁) (kg/ms) 

0 0.1112-1.1847 0.017295 0.00038305 
0.02 0.1306-1.3792 0.020344 0.00045058 
0.06 0.1744-1.8752 0.027135 0.00060101 
0.1 0.1774-1.8861 0.027627 0.00061189 

 
Table 4: Heat transfer coefficient for nano-fluid 

φ 
(%) 

Thermal 
conductivity 

(W/mK)  

Nusselt number Heat transfer 
coefficient 

 

0 0.697662-0.0057 3.4471-3.1638 75-7453-0.5680 
0.02 0.897288-0.1689 25.9888-4.2844 734.4693-22.7915 
0.06 0.9947-0.2336 23.5646-5.6254 738.2577-41.3888 
0.1 1.0976-0.02646 11.7303-6.6353 405.5169-5.5298 

 

 
Figure 4: Heat transfer rate from without baffle TTHE 

 
Figure 5: Heat transfer rate from straight baffle TTHE 

 
Figure 6: Heat transfer rate from baffle inclined at 45o TTHE 

 

 
Figure 7: Heat transfer rate from baffle inclined at 60o TTHE 
 
 

 
Figure 8: Heat transfer rate from baffle inclined at 75o THE 
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Figure 9: Heat transfer rate for nano-fluid at various concentrations 
from TTHE 

 

 
Figure 10: Heat transfer rate for cold water at various concentrations 
from THE 
 
 

 
Figure 11: Heat transfer rate for normal water at various concentrations 
from TTHE 

 

 
Figure 12: Comparative results of heat transfer rate for different design 
of TTHE at ø = 0.0 
 

 

 
Figure 13: Comparative results of heat transfer rate for different design 
of TTHE at ø = 0.02 
 
 
 

 
Figure 14: Comparative results of heat transfer rate for different design 
of TTHE at ø = 0.06 
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Figure 15: Comparative results of heat transfer rate for different design 
of TTHE at ø = 0.1 

 
 

 
Figure 16: Overall heat transfer coefficient for different design of 
TTHE at various concentrations 

 
 

 
 
Figure 17: Effectiveness of the various design of TTHE at different 
concentration 

 

 
Figure 18: Bulk mean temperature for different design of TTHE at    ø 
= 0.0 

 

 
Figure 19: Bulk mean temperature for different design of TTHE at    ø 
= 0.02 

 
 

 
 
Figure 20: Bulk mean temperature for different design of TTHE at    ø 
= 0.06 
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Figure 21: Bulk mean temperature for different design of TTHE at    ø 
= 0.1 
 

The momentum boundary condition with no slip is set for solid 
walls where the heat flux is set as zero for the outer tube wall to 
make adiabatic condition, while the inner tube walls and ribs is 
coupled. The inlets for the outer and inner tube sides are set as mass 
flow inlet; the outlets are set as pressure outlet. The fluent software 
is used to calculate the fluid flow and heat transfer in the 
computational domains. The governing equations are iteratively 
solved by the finite volume formulation with the SIMPLE 
algorithm. RNG k-epsilon model is used for turbulent flow because 
the swirling effect on turbulent flow having higher precision as 
compared with standard k-epsilon model and the second order 
upwind scheme is used for the momentum energy turbulence and 
its dissipation rate. 

CONCLUSION 
It has been observed from above result analysis of concentric 

triple tube heat exchanger with inclined baffle at 75° gives 
maximum outlet temperature for nano-fluid of 20.77 °K for           ø 
= 0.1 which is 21.71% greater than without baffle, 33.56 % greater 
than straight baffles and 20.58% greater than baffles inclined at 60°. 
The heat transfer rate of 17.98% higher than without baffle, 27.79% 
higher than straight baffle and 17.04% higher than baffles inclined 
at 60°, while the maximum overall heat transfer coefficient of 
0.9832 for ø = 0.1 have been observed. Hence concentric triple tube 
heat exchanger with inclined ribs at 75° recommended for better 
heat transfer. 
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