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 Waste heat recovery from the existing internal combustion engine has ongoing research 
topic and has great potential as energy conservation is concerned. This paper 

communicates an experimental investigation on twin cylinder Diesel engine exhaust gas 

heat recovery using a concentric tube heat exchanger and transitory thermal storage. 
The exhaust gas from a Diesel engine carries about 32% of heat of combustion. The 

energy available in the exit stream of many energy conversion devices goes as waste, if 

not utilized properly. The major technical constraint that prevents successful 
implementation of waste heat recovery is due to its intermittent and time mismatched 

demand and availability of energy. In the present work, a concentric tube heat 

exchanger integrated with an Diesel engine setup to extract heat from the exhaust gas 
and a transitory thermal energy storage tank is used to store the excess energy available 

is investigated. The performance of the engine with and without heat exchanger is 

evaluated. It is found 15-20% of fuel power is stored as heat in the transitory storage 
system, which is available at reasonably higher temperature for process applications. 

The performance parameter pertaining to the heat exchanger and the transitory storage 

tank such as amount of heat recovered, heat lost and energy saved are evaluated., 
electrical energy saved also reported. 
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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. The 

shell and tube heat exchanger is the most widely used type of industrial heat transfer equipment. Initially, only 

plain tubes were used in shell and tube heat exchangers. The heat transfer coefficient (h) for gases is generally 

several times lower than that for water, oil and other liquids. In order to minimize the size and weight of a gas to 

liquid heat exchanger, thermal conductance (ha) on both sides of the exchanger should be approximately the 

same. Hence the heat transfer surface on the gas side needs to have a much larger area and be more compact 

than can be realized practically with the circular tubes commonly used in shell and tube heat exchangers. 

Desai and bannur (2001) performed experiments in a twin cylinder diesel engine, to recover heat from engine 

exhaust gas using a shell and tube heat exchanger. Morcos (1998) studied the performance of shell and dimpled 

tube exchangers for waste heat recovery. The exchanger heat duty, overall heat transfer coefficient, 
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effectiveness and tube side friction factor are investigated as functions of the tube surface geometry (plain or 

dimpled), the flow pattern (counter or parallel) and tube Reynolds number. Lee et al.( 2010) conducted an 

experimental study on the effects of secondary combustion efficiencies and emission reduction in the engine 

exhaust heat recovery system. Talbi and Agnew (2002) interfacing of turbocharged diesel engine with an 

absorption refrigeration unit and estimated the performance enhancement due to the energy recovery from the 

engine exhaust gas. Zhang(2000) has made a prototype which can be successfully used for waste heat driven air-

conditioning for an automobile. Anderson and Robert Nation(1982)have done work in waste heat recovery 

system for an internal combustion engine exhaust gas and coolant using two different liquids operating at 

different pressure and temperature in two separate circuit path.  Martin et.al(2008)
 
had been study the thermal 

comfort analysis of a low temperature waste energy recovery system. Pandiyarajan et.al (2011)
 
made an 

experimental investigation on heat recovery from diesel engine exhaust using finned shell and tube heat 

exchanger and thermal storage system. Smith et.al(2008) has performed heat transfer and friction characteristics 

were experimentally investigated lowered strips inserted in a concentric tube heat exchanger. Mavridou et.al 

(2010)
 
made a comparative design study of diesel exhaust gas heat exchanger for truck applications. Kauranen 

et.al (2010) made a performance study the temperature optimization of a diesel engine using exhaust gas heat 

recovery and thermal energy storage. The major criterion in the design of waste heat recovery system is the 

proper selection of heat exchanger with optimum conditions.  

 In this present investigation, the objective is to extract the heat from the exhaust gas and to store the 

transitory tank. This could be achieved either by embedding the heat exchanger coil surface inside the storage 

tank where the storage material is present and allowed to pass through the exhaust gas through the heat 

exchanger coil or providing a separate heat exchanger through which HTF is circulated to extract heat from the 

exhaust gas and deliver it to the transitory storage tank. In the later case , the storage fluid may itself used as the 

heat transfer fluid or a separate heat transfer fluid may be used to extract heat from the exhaust gas and deliver it 

to the storage medium. 

 

Experimental investigation: 

Selection of heat exchanger and transitory storage tank configuration: 

 In the present work a concentric tube heat exchanger is selected to extract heat from the exhaust gas and a 

separate transitory storage tank, the reason for the selection of above configuration is explained below. 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. This requirement cannot be achieved by 

embedding the heat exchanger coil inside the storage tank. 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. There are two reasons for the selection of such a transitory storage tank. 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.  

 
 

Fig. 1: Schematic diagram of the experimental setup. 
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Experimental setup: 

 The  Fig.1 shows experimental setup consists of a twin cylinder, four stroke, water cooled, diesel engine 

(bore 87.5 mm, stroke 110 mm, rated power 7.4 kW at 1500 rpm) (make: Kirloskar)  coupled to an mechanical 

load, exhaust gas pipe is integrated with a heat recovery concentric pipe heat exchanger (HRHE) and a 

transitory thermal storage system.   

 The heat recovery system is a concentric tube heat exchanger, made up of galvanized iron and copper 

respectively with annulus side fluid as exhaust gas and tube side fluid as water.  The total surface area of the fins 

in the tube is 0.12 m
2
 whereas the un-finned tube area is 0.0691 m

2
.Fig.2 represent helical fin were inserted 

inner tube of the outer surface were kept constant .the helical fin is made of stainless steel and has the geometric 

dimensions of W=3.5mm, p = 5mm, t = 1mm, n = 400.The details of the concentric tube in the HRHE are given 

in the Table. 

 
Components Specifications 

annulus material Galvanized iron 

outer diameter 76.2mm 

Inner diameter 72.2mm 

Annulus thickness 4mm 

Thermal conductivity of galvanized iron  72.7W/mK 

Tube material copper 

Inner diameter 9.2mm 

Outer diameter 11mm 

Tube thickness 1.8mm 

Fin material Mild steel 

Helical fin inner diameter 11mm 

Helical fin outer diameter 18mm 

Thermal conductivity of mild steel 53W/mK 

Length of the tube 2000mm 

Thermal conductivity of copper 388 W/mK 

Type of insulation used Glass wool, 

 

 The HRHE is fitted into the exhaust pipe of the engine. The exhaust gas from the engine is allowed to flow 

either to the heat exchanger or to the atmosphere by using valves. Water is circulated through tube side of the 

heat exchanger using pump and is passed through transitory thermal energy storage (TTES) tank. The TTES 

tank is a stainless steel cylindrical vessel of inner diameter 450 mm and height 720 mm. The temperatures at 

various locations are recorded using Cr/Al thermocouples (type K). Thermocouples are placed at inlet and outlet 

of HRHE. A pump maintains the circulation of water in this setup. The TTES tank is well insulated using glass 

wool and covered with Aluminum cladding. An orifice meter connected to the U-tube manometer is used to 

measure the volumetric flow rate of air entering into the engine. 

 

 
Fig. 2: Schematic diagram of the helical fin. 

 

Experimental methodology: 

 The experiments are conducted by operating the engine at various load conditions. A mechanical load is 

used to vary the load on the engine. First the experiment is conducted at 25% load condition. Initially the 

exhaust gas is not allowed to flow through the heat exchanger to avoid carbon deposition on the tube surface. 

After a short duration from the start of engine, the exhaust gas is allowed to pass through the annular side of the 

heat exchanger while ensuring the water circulation through the tube side. A Tachometer is used to measure the 

speed of the engine to ensure the rated speed of 1500 rpm. The torque and speed of the engine are taken for the 

evaluation of the brake power. The pressure difference in the orifice meter is observed from the U-tube 
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manometer which is used to measure the mass flow rate of air entering into the engine. The fuel consumption of 

the engine is measured by counting the time required to consume a constant mass of diesel fuel equal to 0.042 

kg. The temperature readings are continuously monitored in the inlet and outlet temperature of the HRHE. The 

above said measurements are used to evaluate the heat recovered; several experiments are conducted to check 

the repeatability of the results. The experiments are conducted for 25%, 50%, 75% and full load condition.  The 

results along with the evaluated parameters are analyzed and discussed in the following section. 

 

RESULTS AND DISCUSSION 

 

 The results obtained from the experimental investigation for the engine operated at various load conditions 

are studied in detail and presented. The exhaust gas in an internal combustion engine carries about 32% of the 

heat of combustion. In the present work, attempts have been made to recover the maximum possible heat from 

the exhaust gas through a concentric tube heat exchanger and to store it in a TTES tank. 

 

Performance of heat recovery from parallel and counter flow heat exchanger:  

 The temperature variation of the exhaust gas and the water at the inlet and outlet of the HRCPHE with 

respect to time for various engine load conditions (25%, 50%, 75% and full load condition) are shown in Fig. 

3a–3d and Fig.7a-7d. 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 300
°
C to  353

°
C is observed for a longer duration and cold water temperature raise from 

26
°
C to 53

°
C  is observed, at 50% load  a flue gas temperature  raise from 353

°
C  to 410

°
C  is observed for a 

longer duration and cold water  raise from 26
°
C to 56

°
C is observed , at 75%  load a flue gas temperature raise 

from 410
°
C to  460

°
C is observed for a longer duration and cold water temperature raise from 26

°
C to 59

°
C  is 

observed, at full load a flue gas temperature raise from 460
°
C to 490

°
C is observed for a longer duration and 

cold water temperature raise from 26
°
C to 62

°
C  is observed, at 25% load a flue gas temperature raise from 

323
°
C to  380

°
C is observed for a longer duration and cold water temperature raise from 26

°
C to 55

°
C   is 

observed, at 50% load  a flue gas temperature  raise from 380
°
C  to 430

°
C  is observed for a longer duration and 

cold water  raise from 26
°
C to 59

°
C is observed , at 75%  load a flue gas temperature raise from 430

°
C to  485

°
C 

is observed for a longer duration and cold water temperature raise from 26
°
C to 65

°
C   is observed and at full 

load a flue gas temperature raise from 485
°
C to  490

°
C is observed for a longer duration and cold water 

temperature raise from 26
°
C to 72

°
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  ( cm  cpc , ) is much higher than the heat capacity of the exhaust gas ( gm gpC , ). In all the 

four loads the exit temperature of the exhaust gas from HRCPHE approaches the inlet temperature of the water 

and they are almost equal at the end of the experiment.  

 

 
Fig. 3(a): Temperature variation of the exhaust gas and the water at 25% Load. 
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Fig. 3(b): Temperature variation of the exhaust gas and water at 50% Load. 

 
Fig. 3(c): Temperature variation of the exhaust gas and water at 75% Load. 

 
Fig. 3(d): Temperature variation of the exhaust gas and water at Full Load. 
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Fig. 4: Heat extraction rate from exhaust gas at different loads condition. 

 

 
Fig.8:  Heat extraction rate from exhaust gas at different load conditions. 

 

 This shows the effectiveness of the heat exchanger approaches 80% at the end of the experiment in all the 

cases. Fig. 4 and Fig.8 shows the variation of the heat extraction rate from exhaust gas through the WHR heat 

exchanger evaluated at different loads using by:  

 21, hhgpgeg TTCmQ    

)( 12, cccpcextraction TTCmQ    
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1
21 ln/)(

T

T
TTLMTD  

111 ch TTT   , 222 ch TTT   - for parallel flow 

211 ch TTT   , 122 ch TTT   - for counter flow 

extractioneglost QQQ   

 Where gm  – mass flow rate of the exhaust gas 1hT ; 2hT – exhaust gas temperature at the inlet and outlet of 

HRCPHE. At full load condition the maximum heat extracted is around 1.6 kW which is very high when 

compared to all other engine load conditions due to very high heat release rate from the engine at maximum 

load. It is observed from the at all loads, the heat extraction rate decreases as time increases. It is due to the 
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increasing temperature of the water at the inlet of HRCPHE which reduces the average temperature difference 

between the exhaust gas and the water. However, it is seen that at 25% load, the decrease in heat extraction rate 

is very low and hence further analysis is made to determine LMTD and the overall heat transfer coefficient of 

the exchanger at various load conditions which is explained in the following section. The variation of heat 

extraction and LMTD with respective time for 25%, 50%, 75%, and full load conditions are shown in Fig.5a–5d 

and Fig.9a-9d respectively. It is observed from the Fig. 5c and Fig.5d (75% load and full load) that the decrease 

in heat extraction rate and LMTD has a similar trend. However, at 25% load (Fig.5a) the decrease in heat 

extraction rate is much smaller whereas the decrease in LMTD with respect to time is appreciable. This trend is 

also seen at 50% load (Fig. 5b) with variation marginally lesser than 25% load. The near uniform heat extraction 

rate with higher LMTD with respect to time at 25% load reveals that the overall heat transfer coefficient is 

increasing with respect to time. This could be due to condensation of water vapor from the exhaust gas in most 

part of the heat exchanger at 25% and 50% loads. The condensation of water vapor on the surface of the tubes 

increases outside surface convective heat transfer coefficient and hence there is an increase in overall heat 

transfer coefficient. The variation in overall heat transfer coefficient with respect to time at all loads is shown in 

Fig.6 and Fig.10. The increasing heat transfer coefficient at lower loads which is due to the condensation of 

water vapor increases the possibility of extracting the latent heat of water vapor present in the exhaust gases. 

Hence by decreasing the exhaust gas temperature much below 120
°
C it is possible to recover the heat which is 

liberated during the burning of fuel (HCV–LCV). This heat recovery is possible only if the fuel has negligible 

sulphur content, otherwise the acid formed during the condensation of sulphur may corrode the heat exchanger. 

 
 

Fig. 5(a): Heat extraction rate and LMTD at 25% load. 

 
Fig. 5(b): Heat extraction rate and LMTD at 50% load. 
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Fig. 5(c): Heat extraction rate and LMTD at 75% load. 

 

 
 

Fig. 5(d): Heat extraction rate and LMTD at 100% load. 

 

 
 

Fig. 6: Variation of overall heat transfer coefficient of the HRHE at various loads. 
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Fig. 7(a): Temperature variation of the exhaust gas and water at 25% Load. 

 

 
Fig.7b. Temperature variation of the exhaust gas and water 50% Load. 

 

 
 

Fig. 7(c): Temperature variation of the exhaust gas and water at 75% Load. 
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Fig.7(d): Temperature variation of the exhaust gas and water at Full Load. 

 

 
 

Fig. 9(a): Heat extraction rate and LMTD at 25% load. 

 

 
 

Fig.9(b): Heat extraction rate and LMTD at 50% load. 
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Fig.9(c): Heat extraction rate and LMTD at 75% load. 

 

 
 

Fig. 9 (d): Heat extraction rate and LMTD at Full load. 

 
 

Fig. 10: Variation of overall heat transfer coefficient of the HRHE at various loads. 
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Life Cycle Savings: 

 The indicative of percentage of fuel power are saved by introducing the storage system when the system is 

employed for replacing the conventional one which requires either fuel or electric power. It is a direct measure 

of overall efficiency improvement in the system. It is noted from the graph that a considerable amount of energy 

in the fuel can be saved. The percentage energy saved varies from 10% to 15% as the load increases from 25% 

to full load. At lower loads the percentage energy saved is less due to high specific fuel consumption (SFC) is 

1.4 kg/kW- hr and at full loads the percentage energy saved is more due the to low specific fuel consumption is 0 

.052 kg/kW- hr. The total engine hours of the whole warranty life time is (15 years * 365 days *24 hours is equal 

to 1, 31,400 hours) assumed by excluding the planned maintain hours and other losses from the booked hours of 

the engine which is assumed as 1, 00,000 engine hours for the whole life cycle of engine, the experimental set-

up will save the 320000 kW-hr of electricity. 

 

Conclusions: 

 The exhaust gas of a diesel engine carries a lot of heat to atmosphere and this energy was recovered 

efficiently using HRCPHE. However the major technical constraint that prevents successful implementation of 

such a system is intermittent and time mismatched demand and availability of energy. The transitory thermal 

energy storage system will eliminate the above constraint. A suitable WHR system with a large capacity of 

TTES tank can store heat energy and this energy can be utilized for many applications like process heating etc., 

in industries. In the present work a concentric tube heat exchanger and TTES tank were developed and attached 

to exhaust port of Diesel engine capacity of 7.4kW. The experimental investigation has shown the following 

conclusions: 

1. The effectiveness of the HRCPHE approaches nearly 80% at the end of full load conditions.  

2.  Nearly 10–15% of total heat (that would otherwise be gone as waste) is recovered with this system. The 

maximum heat extracted using the heat exchanger at full load condition is around 1.6kW.  

3.  By decreasing the exhaust gas temperature below 120
°
C it is possible to recover the heat which is liberated 

from the fuel along with the exhaust gas during the burning of fuel (HCV– LCV). 

4. The life of engine is assumed as 100000 hours, the experimental set-up can save the 320000 kW-hr of 

electricity. 

 

Nomenclature:  

cpC ,   Specific heat of water (kJ/ kg K) 

gpC ,   Specific heat of gas (kJ/ kg K) 

d   Diameter of inner tube (m) 

D   Diameter of annulus (m) 

L   Length of heat exchanger (m) 

LMTD   Log-mean temperature difference (K) 

gm   Mass flow rate of the exhaust gas (kg/s) 

cm   Mass flow rate of cold water (kg/s) 

egQ    Heat transfer rate for exhaust gas (kW) 

extractionQ  Heat extraction rate (kW) 

lostQ   Heat lost from the system (kW) 

1hT   Temperature at hot gas inlet (K) 

2hT   Temperature at hot gas outlet (K) 

1cT   Temperature at cold water inlet (K) 

2cT   Temperature at cold water outlet (K) 

1T    Temperature difference at inlet of heat exchanger (K) 

2T    Temperature difference at outlet of heat exchanger (K) 

Subscripts  

i Inside/inner 

o Outside/ outer 

c  Cold water 

h  Hot gas 
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