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Abstract: Waste heat is heat which is produced in a process by way of fuel combustion or chemical reaction, and then 

dumped into the environment even though it can be still be reused for some useful and economic purpose. The essential 

quality of heat is not the amount instead of its value. The strategy of how to recover this heat depends in part on the 

temperature of the waste heat gases and the economics involved. Direct and indirect benefits are involved in heat recovery. 

Recovery of waste heat has a direct effect on the efficiency of the process and indirect benefits involve reduction in 

pollution, equipment size and auxiliary air consumption. This paper focuses on investigation of thermal performance of 

wickless heat pipe heat exchanger by using hybrid nanofluid (CuO+CNT/H20) as a working fluid. Hybrid nano fluid of 

2% volume concentration with 75% of copper oxide (CuO) and 25% of carbon nano tube (CNT) was prepared. Several 

studies have performed on heat pipe heat exchanger using conventional fluids and nanofluids. Effectiveness of heat pipe 

heat exchanger charged with hybrid nanofluid will be compared with heat pipe heat exchanger effectiveness charged with 

conventional fluid. 

Keywords: Weak less Heat Pipe, Heat Pipe heat exchanger, Thermal performance, Hybrid nanofluid, CuO+CNT/H20, 

Effectiveness. 

 

I. INTRODUCTION 

 

With increasing trend of energy demand, there are a lot of concerns over energy supply and it is a major issue for the policy 

makers. Universally, buildings consume about 40% of the total world annual energy consumption and most of this energy can be 

used for the purpose of heating, ventilation & air conditioning (HVAC) system. Therefore, Engineers and scientists try to find 

alternate energy recovery technologies to enhance the performance in terms of air quality and energy utilization level. 

Furthermore, increasing awareness of the environmental impact of CFC refrigerants, make the engineers to adopt environmentally 

friendly energy recovery technologies. Most of heat is wasted in many of the outputs like industrial, automobiles etc. There are 

many types of energy recovery system, but most commonly used are rotating wheels, plates, heat pipes & run around loops. This 

experiment considers the thermal design & the experimental testing of a heat pipe (Thermosyphon) heat exchanger for a relatively 

small commercially available waste heat. The purpose of the heat exchanger is to recover maximum heat from moist waste air 

stream to preheat the fresh incoming air. A significant amount of waste heat exhausted through the exhaust ducts of commercials 

& industrials exhausts.  

 

 

Fig. 1 working principle of heat pipe 

 



www.ierjournal.org                           International Engineering Research Journal (IERJ) Special Issue Page 287-293, June 2016, ISSN 2395-1621 

 
© 2015, IERJ All Rights Reserved  Page 2 

 

Capturing the energy in that waste heat represents rich potentials for energy savings. The heat pipe heat exchanger heat recovery 

system is cost effective to install and operate could potentially recover wasted heat economically and be an effective addition to 

utility CIPs. This project was undertaken to design, develop, install and measure the effectiveness of a heat recovery system at a 

small temperature range. The design concept was to capture waste heat from exhaust duct and use that heat for the fresh air 

supply. The limiting factor against increasing the heat transfer performance of heat pipe depends on the working properties of the 

working fluid. The enhancement of liquid thermal conductivity is achieved by adding highly conductive solid nanoparticles inside 

the base fluid. The special characteristics of the nanofluid shows increment in the heat transfer coefficient, thermal conductivity 

and liquid viscosity. Two types of nanoparticles used in heat pipes are aluminum oxide and copper oxide. 

Noie et al. [1] investigated the thermal performance of a heat exchanger consisting of thermosyphons arranged in six rows and the 

variable parameters which were being altered were the air velocity and the inlet temperature to the evaporator. A computer 

program was developed to analyze the thermosyphons heat exchanger using the ε– NTU method. Leads to verify its accuracy and 

conformity, the test results were compared to those assumed by the simulation program. The overall effectiveness of the 

thermosyphons heat exchanger achieved from experiments varied between 37% and 65%.  

G. J. Parker [2] from University of Canterbury designed and dynamically simulated a domestic hot water system which included a 

waste water heat exchanger and/or a solar panel collector. The heat exchanger was a concentric cylinder unit. A 70-litre cylinder 

containing cold water to be pre-heated was surrounded by an annular space of 160 litres of waste warm water. The research shows 

that the energy saved by only employing the heat exchanger reached a maximum of 32%. 

Singh et al., 2010 [3] are proposed for datacenters: 1) Heat pipe heat exchanger (HPHE) pre-cooler for datacenter chiller and 2) 

Heat pipe based ice storage system for datacenter emergency cooling. Both the systems utilize thermal diode characteristics of 

passively operating heat pipes, to capture cold ambient energy for cooling purposes. The thermosyphons can absorb heat from the 

high temperature media to low temperature ambient by means of continuous evaporation-condensation process 

Wasimsaman [4] examined the possible use of a heat pipe heat exchanger for evaporative cooling as well as heat recovery for 

fresh air preheating. Thermal performance of a heat exchanger consisting of 48 wickless heat pipe arranged in six rows was 

evaluated. The tests were carried out in a test rig where the humidity and temperature of both air streams could be controlled and 

monitored before and after the heat exchanger. Their results showed that indirect evaporative cooling using this arrangement 

decreases the fresh air temperature by several degrees below the temperature drop using dry air alone.  

Yau and Tucker [5] mentioned that for many years, heat pipe heat exchangers (HPHEs) with two-phase closed thermosyphons, 

and have been widely applied as dehumidification enhancement and energy savings device in HVAC systems. Heat pipes can 

increase latent cooling by 25-50% depends on the application. Hospitals, supermarkets and laboratories are more good heat pipe 

applications.  

G.R. Majideian [6] carried out theory, design and construction of heat pipe. Experimentation on heat pipe heat exchanger charged 

with conventional fluids like water, methanol & acetone shows Effectiveness of 0.16. 

The purpose of this work was to investigate the effect of heat transfer rate on heat pipe heat exchanger using CuO+CNT/water 

hybrid nanofluid and to investigate the performance of heat pipe heat exchanger at various heat loads and mass flow rates. The 

average effectiveness of heat pipe heat exchanger charged with hybrid nano fluid is compared with heat pipe heat exchanger 

charged with conventional nanofluid. 

 

II. EXPERIMENTAL SET UP 

 

Heat pipe heat exchangers are devices that made the exchange of waste heat from a waste heat source to a colder source. Figure 2 

shows the experimental layout of the test apparatus. The system is composed of three major parts: air heater (for waste air 

preparation), heat pipe heat exchanger and devices for measurement and control of parameters. In the installation there are two 

circulating fluids: the waste air in the lower chamber of the heat exchanger and the cold air in the upper chamber of the heat 

exchanger.  

 

 
 

Fig. 2: Schematic diagram of the experimental apparatus. 
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The working fluid used in heat pipe is hybrid nanofluid. The source temperature waste heat is regulated by heating load on heater. 

Determination of efficiency of heat recovery will be achieved under the various temperature conditions. The heat pipe heat 

exchanger was equipped with 08 heat pipes arranged vertically at an angle of 90° (Figure 3).  

 

 
 

Fig. 3: Schematics of the Wickless Heat Pipe Heat Exchanger. 

 

2.1 Test Methodology 

Experiments are conducted to investigate Performance of heat recovery heat pipe heat exchanger by using hybrid nanofluid 

with variable source temperature. The heat is generated within the variable temperature source. An arrangement was made to 

measure and vary the heat input with the help of transformer, voltmeter and ammeter. 

 

 
 

Fig. 4: Working setup 

 

The hot and cold air temperatures are measured with the help of RTD’s mounted at different locations of ducts. Four RTD’s are to 

be fixed inside of ducts at inlet and outlet of hot and cold air in order to measure temperature. Heat input to heater varied from 

250W to 1500 W in the step of 250W to vary the source temperature. By varying the source temperature the hot air at different 

temperature will pass on heat pipe heat exchanger. 

III. HEAT LOAD CALCULATION 

While designing the heat pipe heat exchanger, we have to calculate the total heat load for proposed heat pipe heat exchanger. 

Assuming maximum inlet hot air temperature 60°C and corresponding ambient temperature 25°C with maximum mass flow rate 

of air as 0.2361 kg/sec. The heat load on heat exchanger can be calculated as follows, 

Heat Load (Q) = m. .ΔT    

              = 0.2361 X 1.005 X 35  

                       = 4.32 kW. 

Heat Load on Single Heat Pipe (QHeat Pipe) 
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                    =  

                   =     

           = 0.54 kW 

3.1 Design Procedure for Proposed Heat Pipe 

Heat pipes undergo various heat transfer limitations depending on the working fluid, the dimensions of the heat pipe, and the heat 

pipe operational temperature. 

 

3.1.1 Viscous limitation- 

Viscous limit depends on the viscous pressure losses in vapor phase and the vapor pressure of the working fluid. The viscous limit 

is sometimes called the vapor pressure limit, 

 

3.1.2 Sonic limitation- 

The sonic limit is due to the fact that at low vapor densities, the corresponding mass flow rate in the heat pipe may result in very 

high vapor velocities, and the occurrence of choked flow in the vapor passage may be possible. 

 
 

3.1.3 Entrainment limitation- 

The entrainment limit refers to the case of high shear forces developed as the vapor passes in the counter flow direction over the 

liquid saturated wick, where the liquid may be entrained by the vapor and returned to the condenser. This results in insufficient 

liquid flow of the wick structure. 

 
 

3.1.4 Boiling limitation- 

The boiling limit occurs when the applied evaporator heat flux is sufficient to cause nucleate boiling in the evaporator wick. This 

creates vapor bubbles that partially block the liquid return and can lead to evaporator wick dry out. The boiling limit is sometimes 

referred to as the heat flux limit. 

 

3.1.5 Various heat pipe limits- 

The various heat pipe limits calculated considering the operating temperature and parameters related to heat pipe are shown in 

table 01. For heat pipe parameters mentioned above the axial heat flux under variable operating temperatures are calculated for 

different mentioned above i.e. viscous limit, boiling limit, entrainment limit and sonic limit. 

Table 01 Heat Pipe Limits 

Temp 

(°C) 

Sonic 

Limit 

(Watt) 

Viscous 

limit 

(Watt) 

Entrainment 

Limit 

(Watt) 

Boiling 

Limit 

(Watt) 

20 103.41 92.09 111.01 132.45 

30 182.90 119.89 106.87 125.65 

40 308.69 186.49 102.19 121.10 

50 500.98 453.16 97.25 106.84 

60 783.92 1111.27 91.92 94.32 

70 1190.5 2049.01 86.66 89.32 
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IV. RESULTS AND DISCUSSION 

 

To evaluate thermal performance of heat pipe heat exchanger, 

Nusselt number and heat transfer coefficient are compared 

with air velocity. 

 
Fig. 5 Nusselt number verses Air velocity 

 

The above graph of Nusselt number verses Air velocity 

shows that Nusselt number of heat pipe heat exchanger 

increases as air velocity increases. Nusselt number ranges 

between 28.3 to 75.9 and 36.2 to 96.4 for condenser and 

evaporator section respectively. 

 

The graph of Heat transfer coefficient verses Air velocity 

shows that heat transfer coefficient of heat pipe heat 

exchanger increases as air velocity increases. Heat transfer 

coefficient ranges between 45.9 to 123.5 and 58.1 to 158.1 

for condenser and evaporator section respectively. 

 

 
Fig. 6 Heat transfer coefficient verses Air velocity 

 

 
Fig.7 Nusselt number verses Air velocity at condenser 

section 

The above graph of Nusselt number verses Air velocity at 

condenser section shows that Nusselt number of heat pipe 

heat exchanger increases as heat input increases. 

 

 
Fig. 8 Heat transfer coefficient verses Air velocity at 

condenser section 

 

The graph of Heat transfer coefficient verses Air velocity at 

condenser section shows that Heat transfer coefficient of heat 

pipe heat exchanger increases as heat input increases. 

 

 
Fig. 9 Nusselt number verses Air velocity at evaporator 

section 

 

The above graph of Nusselt number verses Air velocity at 

evaporator section shows that Nusselt number of heat pipe 

heat exchanger increases as heat input increases. 

 

 
Fig. 10 Heat transfer coefficient verses Air velocity at 

evaporator section 
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The above graph of Heat transfer coefficient verses Air velocity at evaporator section shows that Heat transfer coefficient of heat 

pipe heat exchanger increases as heat input increases. 

 

 
Fig. 11 Effectiveness verses Air velocity at various Watt 

 

The graph of air velocity verses effectiveness shows effectiveness of heat pipe heat exchanger decrease as mass flow rate increase

 

V. CONCLUSION 

In this study heat recovery by using heat pipe heat exchanger characteristics waste heat has been investigated experimentally. The 

effect of variation in heat inputhas been investigated. 

The following conclusions were drawn from this study.  

 Nusselt number of heat pipe heat exchanger increases as air velocity increases. Nusselt number ranges between 28.3 to 75.9 

and 36.2 to 96.4 for condenser and evaporator section respectively  

 Heat transfer coefficient of heat pipe heat exchanger increases as air velocity increases. Heat transfer coefficient ranges 

between 45.9 to 123.5 and 58.1 to 158.1 for condenser and evaporator section respectively. 

 Nusselt number of heat pipe heat exchanger increases as heat input increases. 

 Heat transfer coefficient of heat pipe heat exchanger increases as heat input increases. 

 Effectiveness of heat pipe heat exchanger decreases as air velocity increases. Effectiveness ranges in between 0.19 to 0.29. 

 Maximum effectiveness of heat pipe heat exchanger charged with conventionalfluids like water methanol and acetone fluid is 

0.16, which is less than effectiveness of heat pipe heat exchanger charged with hybrid (CuO+CNT/H20)nano fluid. 

 Effectiveness of heat pipe heat exchanger decreases as heat input increases. 

 

Nomenclature 

 

  Viscous limitation for heat transfer (kW)  

   Radius of vapour space (m) 

   Enthalpy of vaporization/latent heat (kJ/Kg) 

m   mass flow rate of air  (kg/s) 

   Specific heat at constant pressure (kJ/kg K) 

Q   Heat load on 8 heat pipe (kW) 

 Heat load on single heat pipe 

   Vapour density (kg/ ) 

ΔT   Maximum temperature difference (°C) 

   Vapour pressure (N/ ) 

   Viscosity of vapour (kg/m s) 

   Effective length of heat pipe (m) 

   Sonic limitation for heat transfer (kW) 

   Area of vapour space ( ) 

 Entrainment limitation for heat transfer (kW) 

   Boiling Limitation for heat transfer (kW) 
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