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Abstract— The study of this project communicates an 

experimental investigation on single cylinder diesel engine 

exhaust gas heat recovery using a triple concentric tube heat 

exchanger. The energy available in the exit stream of many 

energy conversion devices goes as waste, it is not utilized 

properly. In the present work, the triple tube heat exchanger 

consist of three tube in various diameters are connected to 

concentric method. Hot gas and cold fluids are enters in 

opposite direction. It is also observed that, the fluid counter 

flow pattern gave better performance compared to other 

flow pattern types. Hot gas flow in the intermediate tube and 

cold fluid flow in both inner and outer tubes. It is found that, 

while increasing the load and speed, the heat transfer rate of 

the heat exchanger increased. These fluids are regulated as 

turbulent flow in all inside of the tubes. This type flow is to 

increase the effectiveness of heat transfer rate with compact 

size. This arrangement is especially used to reduce the 

distance of tube length and to increase the heat transfer rate. 

The performance parameter pertaining to the heat exchanger 

such as amount of heat recovered, heat lost and energy 

saved are evaluated, electrical energy saved also reported. 

Keywords: Triple Tube Heat Exchanger, Hot and Cold 

Fluid, Waste Heat Recovery, Internal Combustion Engine, 
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I. INTRODUCTION 

Energy is an important unit for the economic development 

of any country. The rapid industrial and economical growth 

in India and china where one third population of the world is 

present has increased the need for energy rapidly in the 

recent years. Considering the environmental protection and 

also in the context of great uncertainty over future energy 

supplies attention is concentrated on the utilization of 

sustainable energy sources and the energy conservation 

methodologies. High capacity diesel engines are one of the 

most widely used power generation units. Nearly two-third 

of input energy is wasted through exhaust gas and cooling 

water of these engines. It is imperative that a serious and 

concrete effort should be launched for conserving this 

energy through waste heat recovery techniques.  Such a 

waste heat recovery would ultimately reduce the overall 

energy requirements and also the impact on global warming. 

Waste heat is generated in a process by the way of fuel 

combustion or chemical reaction, and then dumped into the 

environment even though it could still be reused for some 

and economic purpose. Large quantity of hot flue gases is 

generated from boilers, furnaces and IC engines etc. if some 

of this waste heat could be recovered, a considerable amount 

of primary fuel could be saved. The energy lost in waste 

gases cannot be fully recovered. Depending on the 

temperature level of exhaust stream and the proposed 

application, different heat exchange devices, heat pipes and 

combustion equipments can be employed to facilitate the 

use of the recovered heat. 

II. METHODOLOGY 

The conducting experiments setup on Triple tube heat 

exchanger consist of three tube in concentric method. It is 

tube materials and diameters are in different. Fluid as taken 

for water. The experimental set-up and determination of heat 

transfer coefficient and Effectiveness of heat exchanger in 

overall and individual tubes. 

III. EXPERIMENTAL SET-UP 

The experimental setup consists of three tubes made of 

stainless steel material. The concentric triple tube heat 

exchanger is selected to extract heat from the exhaust gas. In 

general the surface convective heat transfer coefficient for 

gases will be very low and hence heat transfer surface on the 

gas side needs to have a much larger area for better heat 

transfer. 

Hence a separate heat exchanger is designed with 

concentric in which the exhaust gas is allowed to pass 

through the annulus side to achieve higher surface area on 

the gas side. 

The first reason is that a separate concentric tube 

heat exchanger is already selected for heat recovery due to 

the above said reason and hence a heat transfer fluid is 

required to extract heat from the heat recovery heat 

exchanger. The second reason is to utilizing the heat energy 

to pre- boiling purpose. This in turn decreases the electrical 

energy and time consumption, the details of experimental 

setup and the methodology adopted are explained in the 

following section. 

IV. DIMENSION OF THE TUBES 

Length of the Inner tube (L1) = 1500 mm Length of the 

Center tube (L2) = 1250 mm Length of the Outer tube (L3) 

= 1000 mm Diameter of the Inner tube (D1) =25 mm 

Diameter of the Center tube (D2) =30 mm Diameter of the 

Outer tube (D3) =35 mm Heat lost by hot gas (QH) = mh c 

ph(Thi - Tho) 

Heat gained by cold water (QC) = mc c 

pco{(Tco1+Tco2) – (Tci1+Tci2)} Effectiveness (ɛ) = ( Thi - 

Tho) / (Thi -(( Tci1+Tci2) / 2) ) 

Maximum heat transfer rate (Qmax) = cmin (Thi-(( 

Tci1+Tci2)/2)) 

V. RESULT AND DISCUSSION 

The results obtained from the experimental investigation for 

the engine operated at various load conditions are studied in 

detail and presented. 
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A. Performance of heat recovery from counter flow 

The temperature variation of the exhaust gas and the water 

at the inlet and outlet with respect to time for various engine 

load conditions (25%, 50%, 75% and full load condition) . 

In a diesel engine, normally, the temperature of exhaust gas 

will attain steady state within a period of 5minutes for a 

given load. However it is observed  in the present work that 

at all loads, the temperature of the gas at the inlet of the heat 

exchanger attains a steady state after a time interval  of 

30minutes. It is due to the thermal inertia of the exhaust gas 

pipe along with insulation material from exhaust manifold to 

the HRCPHE. As the engine load increases the exhaust gas 

temperature also increases due to its higher heat release 

from the engine, at all loads it is observed from the water 

and the gas outlet temperature variation that the temperature 

increases at the beginning and the slope decreases when the 

temperature of the water attains approximately 60°C and 

further increases at a higher rate after a certain interval of 

time, at 25% load a flue gas temperature raise from 98°C to 

185°C is observed for a longer duration and cold water 

temperature raise from 27°C to 63°C is observed, at 50% 

load a flue gas temperature raise from 116°C to 229°C is 

observed for a longer duration and cold water raise from 

27°C to65°C is observed , at 75% load a flue gas 

temperature raise from 132°C to 285°C is observed for a 

longer duration and cold water temperature raise from 27°C 

to 67.5°C is observed, at full load a flue gas temperature 

raise from 149°C to 332°C is observed for a longer duration 

and cold water temperature raise from 27°C to 70°C is 

observed, It is also observed from the s that there is a large 

temperature drop in the exhaust gas at all times and the 

increase in temperature of the water is very low since the 

heat capacity of the water (mc cpc) is much higher than the 

heat capacity of the exhaust gas (mg cpg ). 
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Table 1: Tabulation for Flow Characteristics 

 
Fig. 2: Temperature variation of the applied load and inlet of tubes 
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Fig. 3: Temperature variation of the applied load and oulet of tube 
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VI. CONCLUSION 

The triple tube heat exchanger is fabricated. The exhaust gas 

of a diesel engine carries a lot of heat to atmosphere and this 

energy was recovered efficiently. The major technical 

constraint that prevents successful implementation of such a 

system is intermittent and time mismatched demand and 

availability of energy. 

NOMENCLATURE: 

SYMBOLS EXPLANATION UNITS 

CP, c Specific heat of water 
(KJ/Kg 

K) 

CP, g Specific heat of gas 
(KJ/Kg 

K) 

mg 
Mass flow rate of the 

exhaust gas 
(Kg/S) 

mc 
Mass flow rate of cold 

water 
(Kg/S) 

Thi 
Temperature of hot gas 

inlet 
(K) 

Tho 
Temperature of hot gas 

outlet 
(K) 

Tci1 
Temperature of inner tube 

cold water inlet 
(K) 

Tco1 
Temperature of inner tube cold 

water outlet 
(K) 

Tci2 
Temperature of outer tube 

cold water inlet 
(K) 

Tco2 
Temperature of outer tube 

cold water outlet 
(K) 

Qh Heat lost by hot gas (KW) 

Qc 
Heat gained by cold 

water 
(KW) 

Qact Actual heat transfer rate (W) 

H Heat transfer co-efficient (W/m
2

K) 

Re Reynolds Number (Re) 

Nu Nusselt Number (Nu) 

Ɛ Effectiveness (Ɛ) 
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