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Abstract— Enhancement of heat transfer in a tube is a 

remarkable engineering achievement as it has the potential 

to reduce power consumptions of industrial heat exchangers 

significantly. Consequently, the power demand of industry 

would be reduced; lowering the need for excessive amounts 

of power and decreasing harmful emissions to the 

environment by power generators the enhancement and 

determination of pipe wall convective heat transfer 

characteristics has likely been one of the most interesting 

engineering aspects of heat transfer research. Different 

methods to enhance the heat transfer coefficient were 

developed. Thinking of such notion, one such technique that 

has been widely used in industry is the use of flow pulsation 

in the tube. There are many engineering practical situations 

where heat is being transferred under conditions of pulsating 

and reciprocating flows such as the operation of modern 

power producing facilities and industrial equipment used in 

metallurgy, aviation, chemical and food technology. The 

performance of this equipment in thermal engineering 

applications is affected by the pulsating flow parameters. 

Pulsating flows can be produced by reciprocating pump or 

by steady flow pump together with some mechanical 

pulsating devices. It may normally be expected that the heat 

transfer to or from the flow would be changed since the 

pulsation would alter the thickness of the boundary layer 

and hence the thermal resistance. The objective of the 

present work is to design experimental set up for application 

of   the heat transfer characteristics of pulsatile turbulent 

flow in a pipe.  This set up considers the effect of pulsation 

frequency, location of pulsation mechanism on the heat 

transfer characteristics in pulsatile flow. At the same time 

pulsating flow visualization with smoke generation has been 

done. The effect of flow pulsation on average and local heat 

transfer coefficient will be considered in design. This design 

shows the effect of pulsation frequency on local heat 

transfer coefficient. Heat transfer coefficient relates with 

nusselt number. So design is useful to account nusselt 

number in terms of heat transfer coefficient. This design 

also locates position of the pulsation mechanism in order to 

increase the average heat transfer coefficient. It also predicts 

approximate nusselt number at which maximum 

enhancement occurs. 
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I. INTRODUCTION 

Several techniques for heat transfer enhancement have been 

introduced to improve the overall thermal performance of 

heat exchangers resulting in the reduction of the heat 

exchanger size and the cost of operation. In general, the heat 

transfer enhancement techniques can be classified into two 

methods including active method (requires external power 

source) and passive method (not requires external power 

source). The mechanism for improvement of heat transfer 

performance in the passive method is promoting the 

turbulence near the tube wall surface to reduce the thermal 

boundary layer thickness. This turbulence introduces a 

chaotic fluid mixing which acted by several enhancing 

modified tubes such as a finned tube, tube with rib, tube 

with spirally roughened wall, corrugated tube, fluted tube, 

helical tube, elliptical axis tube and micro-fin tube, etc. 

 Active techniques, which require an extra external 

power source, include mechanical aids, surface vibration, 

fluid vibration, fluid pulsation, electrostatic fields, injection 

or suction of fluid and jet impingement. Consideration about 

tube heat transformation in the inner gradient of temperature 

was mainly concentrated on the boundary layer, if boundary 

layer could be broken effectively and the thermo-resistance 

which lay in laminar boundary layer or turbulence sub layer 

could be diminished, we could enhance local heat exchange 

coefficient and intensify heat exchange process by 

convection.  

 Thinking of such notion, one such technique that 

has been widely used in industry is the use of flow pulsation 

in the tube. In a pulsatile flow1, boundary layer thickness is 

altered when pulsation is forced on the flowing fluid. The 

velocity gradient is much higher for pulsatile flow at the 

tube wall compared to steady flow thereby producing a 

much higher heat transfer for the former compared to the 

latter. 

II. LITERATURE SURVEY  

Many researchers have presented experimental, numerical 

and analytical studies on the effect of pulsation on heat 

transfer characteristics. Experimental investigations on 

laminar pulsating flow have been performed by researchers 

[1-10].  

Among these studies, Mamayevet et al. [1] found 

that, at low frequencies the heat transfer rate for pulsed air 

flow is lower than that of the steady flow. As frequency 

increased, the relative heat transfer coefficient also 

increased. Flow and heat transfer characteristics in a 

pulsating pipe flow are also studied by different researchers. 

Kearney et al. [2] experimentally investigated the 

time-resolved structure of a thermal boundary layer in a 

laminar pulsating channel flow. They reported that differing 

degrees of flow reversal showed that the primary impact of 

reversed flow is an increase in the instantaneous thermal 

boundary layer thickness and a period of decreased 

instantaneous Nusselt number. They concluded that flow 

reversal is not necessarily a requirement for enhancement.  

Habibet et al. [3] experimentally investigated the 

characteristics of laminar pulsating flow within a tube or 

channel under uniform constant heat flux. An increase as 

well as a reduction in Nusselt number has been reported, 

depending on both Reynolds-number and frequency. 

Mostafaet et al. [4] experimental study for forced 

convection heat transfer   laminar pulsating flow inside a 

tube was studied by The amount of heat transfer declines in 

the case of laminar flow, compared with steady flow. Flow 
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pulsation reportedly causes a decrease in Nusselt number, 

about 22 % of the average value than the steady flow.  

Heshamet et al. [5] experimentally investigated 

pulsating turbulent pipe flow uniform heat flux. The results 

showed an increase and reduction in the mean Nusselt 

number with respect to that of the steady flow. Many 

parameters have an influence on heat transfer characteristics 

of pulsating turbulent flow. Among those, pulsation 

frequency, its amplitude, axial location, Reynolds number, 

Prandtl’s number and pulsate or type and its location. In 

order to understand the phenomena of the effect of pulsation 

on the heat transfer coefficient and to resolve these problems 

of contradictory results, different models of turbulence for 

pulsating flows were considered. 

Zohiret et al. [6] investigated the heat transfer 

characteristic inside a pipe for a wide range of Reynolds 

numbers. They defined the range of improvement of heat 

transfer coefficient with pulsating flow for both laminar and 

turbulent flow regimes. 

Elshafei et al. [7] investigated experimentally the 

heat transfer characteristics of pulsating turbulent air flow in 

a pipe heated at uniform heat flux were experimentally 

investigated. The experiments were performed over sa range 

of 104< Re < 4 x104and6.6 ≤ f ≤ 68 Hz. This situation finds 

applications in modern power generation facilities and 

industrial processes.  

Chang et al. [8] studied analytically on laminar 

pulsating flow in a pipe by reported that higher heat transfer 

rates are produced. They related that to the interaction 

between the velocity and temperature oscillation which 

introduces an extra term in the energy equation that reflects 

the effect of pulsations. On the other hand, Chang et al. [10] 

reported that the pulsation has no effect on the time 

averaged Nusselt number.  

 Guo and Sung et al. [9] investigated to pulsating 

pipe flow with different amplitude was carried out. In case 

of small amplitudes, both heat transfer enhancement and 

reduction were detected, depending on the pulsation 

frequency. However, with large amplitudes, the heat transfer 

rates are always enhanced. 

Hemeada et al. [10] analyzed heat transfer in 

laminar incompressible pulsating flow, the overall heat 

transfer coefficient increases with increasing the amplitude 

and decreases with increasing the frequency and Prandtl 

number.  

Chattopadhyay et al. [11] reported that the increase 

of Nusselt number depends on the value of the pulsation 

frequency and its amplitude. With amplitude less than unity, 

pulsation has no effect on time averaged Nusselt number in 

the thermally fully developed flow region, a reduction of the 

local Nusselt number was observed with pulsation of small 

amplitude. However, with large amplitude, an increase in 

the value of Nusselt number was noticed. In summary, the 

time average Nusselt number of a laminar pulsating internal 

flow may be higher or lower than that of the steady flow 

one, depending on the frequency. The discrepancies of heat 

transfer rate from that of the steady flow is increased as the 

velocity ratio (D) is increased.  

Zhao and Cheng, et al. [12] stated that for 

hydrodynamically and thermally fully developed laminar 

pulsating internal flow, the local heat transfer rate in the 

axial locations for X/D <pRe/20 k2 can be obtained based 

on a quasi-steady flow. With installing the oscillator 

downstream of the tested tube exit, results showed that Nu is 

strongly affected by both pulsation frequency and Reynolds 

number. Its local value either increases or decreases over the 

steady flow value. The variation is more pronounced in the 

entrance region than that in the downstream fully developed 

region. It is observed also that the relative mean Nu either 

increases or decreases, depending on the frequency range. 

Although the deviations are small, it seems to be obvious at 

higher values of Reynolds number. The obtained heat 

transfer results are classified according to turbulent bursting 

model and looked to be qualitatively consistent with 

previous investigations. 

III. DESIGN AND DEVELOPMENT OF EXPERIMENTAL SETUP  

The experimental facility shown in Fig.1 is to be designed to 

investigate the effect of pulsation on the convective heat 

transfer from a heated pipe. It is an open loop in which air as 

a working fluid is pumped and passed the test section to the 

atmosphere after being heated. The rig basically consists of 

three part; the air supply unit with necessary adoption and 

measuring devices, the test section and the pulsating 

mechanism. The air supply unit and its accessories consist 

of blower, flow control valves, orifice meter. The proposed 

pulsating mechanism consists of the bellows, which are 

axially actuated by cam with variation in speed. From the 

feasibility point of view this mechanism may be further 

replaced by variable speed rotating butterfly valve to create 

flow pulsation. The position of the blower may be changed; 

it may be mounted after the test section. 

 

Fig. 1: Schematic layout of proposed experimental system 

 1-Blower, 2- By pass valve, 3- Flow control Valve, 

4- Orifice meter with U tube manometer, 5- Test Section 

with circumferentially mounted heater, 6- Voltmeter,7- 

Transformer, 8- Digital temp recorder, 9-Bellow,10-Rigid 

Plate,11-Motor(M) with Cam. 

 Design of Setup proposed experimental system to 

investigate experimentally the heat transfer characteristics of 

pulsating turbulent flow in a pipe consists of the following 

components. 

 Blower. 

 By pass valve. 

 Flow control valve. 

 Orifice meter with U tube manometer. 

 Section with circumferentially mounted heater. 

 Voltmeter. 

 Transformer. 
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 Digital temp recorder. 

 Bellow. 

 Rigid Plate. 

 Motor with Cam. 

A. System Components & Specifications: 

Test Section: Copper Tube of 25mm ID, 32 mm OD and 

400 mm Long (Optional: Stainless Steel or Brass) 

1) Manometer: U-tube With Mercury As Working 

Fluid  

2) Blower: Centrifugal ½ Hp, 220 V (AC) 

3) Variac: Electronic Dimmer 1.5 KW. 

4) Heater: Externally Heated, Nichrome Band Type 

(250W) 

5) Voltmeter: Digital Voltmeter Of Range 0-300V 

(AC) 

6) Ammeter: Digital Ammeter Of Range 0-5A (AC). 

7) Temperature Indicator: Digital Temperature 

Indicator Of Range 0-400°C 

8) Thermocouples: RTD’s-PT-100 Sensor (8 No.) 

9)  Electric Supply:230 V, 5 Amps AC, 50 Hz, Single 

Phase Electric Supply 

B. Blower/Air supply unit 

As the experimentation is to be carried out under the 

turbulent condition the average value of Reynold number for 

air flow through pipe of selected diameter is to be 

maintained high. 

 Blower can be selected of capacity 850 m
3
/hr, 

Pressure of 2 in of water column with electric motor 0.5 

HP,220V AC such that it can deliver the turbulent flow for 

given diameter of pipe. 

 Area of pipe =       = 3.142 x (12.5 x 10
-3

)
2 

=   

490 x 10
-6 

m
2
 

 Volume flow rate delivered by the blower (Q) = 

850 m
3
/hr =0.2361 m

3
/s 

 Velocity with which air can flow through pipe = 

Q/A= 481 m/s 

 Reynolds Number = 
    

 
 = (481x 12.5 x 10

-

3
)/16.96×10−6 = 3.5 x 10

5
 

 As the Reynolds number is greater than 4000, the 

flow is turbulent. 

 Thus Reynolds number can be varied within the 

range of turbulent flow. 

C. By pass valve: 

By pass valve can be selected to suit the pipe specifications 

to which it is to be attached in order to divert flow rate of 

air. 

D. Flow control valve: 

Flow control valve can be selected to suit the pipe 

specifications to which it is to be attached in order to control 

the mass flow rate of air. 

E. Orifice meter with U tube manometer: 

As the pressure developed by the blower is up to 4 in water 

column, The U tube manometer can be selected to suit the 

specifications. 

F. Section with circumferentially mounted heater: 

The amount of heat to be supplied to the pipe of length 400 

mm with inner diameter 25 mm and outer diameter 32 mm, 

custom made electrical heater to be manufactured such that 

it can be mounted on the outer periphery of 32 mm 

diameters circumferentially with wattage 250W such that 

the maximum heat flux is (1375 W/m
2
) 

G. Voltmeter: 

Digital Voltmeter of Range 0-300V (AC). 

H. Ammeter: 

Digital Ammeter of Range 0-5A (AC). 

I. Transformer: 

Dimmerstat (variable auto transformer) 230V, 2A 
 

J. Digital temp recorder:  

RTD’s-PT-100 Sensor (8 No.) With Digital Temperature 

Indicator of Range 0-400°C 

K. Bellow: 

Flanged rubber bellows can be selected to match the sizes of 

pipe. 

L. Pulsation mechanism with Rigid Plate and Motor with 

Cam:- 

It is proposed to construct the pulsation mechanism with the 

help of the bellows actuated by the cam with variable speed 

motor to achieve the variable pulsation frequency.  

M. Pulsation mechanism with rotary butterfly valve: 

Pulsation mechanism can be created with the help of the 

rotary butterfly valve powered with variable speed. 

Depending upon the feasibility any one of the above 

pulsation mechanism can be decided. 

IV. CONCLUSION 

Theoretical design   has been carried out for experimental 

set up in pulsating turbulent flow pipe. Design is optimized 

by doing some hand calculation with trial and error method. 

Effective method has been employed for the design of 

various components. This paper includes the study of 

existing literature in connection parameters affecting the 

heat transfer characteristics of pulsating flow have been 

studied in details. Study of various pulsation mechanisms 

have been reviewed with heat transfer characteristics under 

pulsating flow. 
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