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Abstract 
Heat exchanger is an important device in all the thermal systems. The heat exchanger is widely used equipment in different 

industries such as process, petroleum refining, chemicals and paper etc. Energy and material saving considerations as well as 

environmental challenges in the industry have stimulated the demand for high efficiency heat exchanger. To improve the efficiency 

of heat exchanger one must think of heat transfer enhancement in heat exchanger. Moreover heat transfer enhancement enables 

the size of heat exchanger to be considerably decreased. A high rate of heat transfer with minimum space requirement is necessity 

for compact heat exchanger. In present work, to improve the heat transfer characteristic of the double pipe heat exchanger, the 

helical fins were installed on the outer surface of the inner tube and the level of turbulence increased by the rotating the inner 

tube. The length of heat exchanger was 1m and the pitch of helical fins kept constant equal to 17 mm. The convective heat transfer 

coefficients were obtained for the stationary as well as rotating inner tube for the counter flow mode using water as cold fluid in 

the tube side and glycerol as hot fluid in the shell side. The flow rate of cold fluid was kept constant and that of hot fluid was 

varied. The Nusselt number was calculated for the each speed of the rotation and compared with standard values obtained from 

Dittus-Boelter equation. The helical fins increases heat transfer area and rotation of the inner tube increases the mixing of fluid 

particles which is necessary for the convection mode of heat transfer. The Nusselt number increased up to 64 % at 100 rpm 

compared to stationary inner tube with helical fins. 
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1. INTRODUCTION 

The heat exchanger is a device used to transfer the heat from 

the hot fluid to cold fluid with maximum rate and minimum 

investment. The heat exchanger is an important device in 

various thermal systems for e.g. condenser and evaporator in 

refrigeration systems, boiler & condenser in steam power 

plants etc. The heat exchanger has wide variety of industrial 

applications such as process industries, chemical industries, 

food industries etc. Now there is need of the compact heat 

exchangers to give required heat transfer rate with minimum 

space requirement. The helical fins on the inner tube 

increase the area available for the heat transfer and the 

rotation of inner tube increases the turbulence. With helical 

fins at larger pitch, the efficiency of the heat transfer 

enhancement however is rather low when the total length of 

heat exchanger is fixed. At high Reynolds number, pressure 

drop will increase sharply if the helical pitch decreases. Due 

to this reason the heat transfer enhancement with helical fins 

is more suitable at low Reynolds number [1].  Li Zhang et 

al. [1] experimentally investigated the heat transfer 

characteristics of the double pipe heat exchanger with 

helical fins and vortex generators. Heat transfer 

characteristics were studied with air as working fluid and 

steam as heating medium. In their chosen geometry, the heat 

transferred by the heat exchangers enhanced by the helical 

fins and the vortex generators of delta- wing type was 87–

115% more than that transferred by the heat exchanger with 

smooth inner tube. W. El-Maghlany et al. [2] studied the 

fluid flow and heat transfer characteristics of double-pipe 

heat exchanger with rotating inner tube. The experiments 

carried out for the speed of rotation of inner tube from 0 to 

1000 rpm. The effectiveness and NTU number obtained for 

parallel flow and counter flow arrangement. They found that 

speed of rotation increases the Reynolds number, NTU and 

effectiveness values. Zhengguo Zhang et al. [3] were made 

attempts to investigate the heat transfer characteristics of a 

helically baffled heat exchanger combined with one three-

dimensional finned tube. For the counter mode operation the 

experiments were carried out and overall heat transfer 

coefficient determined using modified Wilson-plot. The 

agreement with the numerical and experimental predictions 

of Nusselt number and pressure drop values were well 

within 6.3% for Nusselt number and 9.8% for pressure drop 

in the shell side, respectively. Haifa El-Sadi et al. [4] 

presented experimental and numerical simulation of a micro 

screw heat exchanger to determine the overall heat transfer 

coefficient. M.R.H. Nobari and K. Gharali [5] numerically 

studied the effect of internal fins on laminar fluid flow and 

heat transfer characteristics inside rotating straight pipe and 
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stationary curved pipes. They found that at the optimum 

value of fin height for the Dean number less than 100, heat 

transfer rate is maximum and heat transfer coefficient is 6 

times higher than that of plain inner tube. Pravin Mane et al. 

[6] performed numerical analysis of pulse tube cryocooler. 

This simulation gives the variation in temperature and 

pressure with respect to time at the cold heat exchanger. The 

present study aims to experimentally investigate heat 

transfer characteristics of double pipe heat exchanger with 

helical fins on the outer surface of inner rotating tube. The 

comparison of Nusselt number is performed between the 

experimental results and theoretical values obtained from 

standard Dittus-Boelter equation. 

 

2. EXPERIMENTAL PROCEDURE 

Fig-1 is the schematic layout of experimental set-up, which 

is used to obtain heat transfer rate and pressure drop. The 

set-up consists of double pipe heat exchanger with helical 

fins on the outer surface of inner tube. The length of the 

inner tube is 1 m and the fins provided on it for 970 mm 

length. Fig-2 is the inner tube with helical fins on outer 

surface. The height, thickness and pitch of the fins are 16 

mm, 1 mm and 17 mm respectively. To secure the helical on 

the outer surface of the inner tube, spiral fining machine is 

used. 

 

There are two separate loops. The hot fluid glycerol is 

flowing through the upper loop shown in Fig-1. The 

glycerol is flowing through the shell side of the heat 

exchanger whose temperature is maintained by the 

adjustment of heater and flow rate is controlled by the 

adjustment of the by-pass valve and gear pump. The lower 

loop is to circulate the cold water on the tube side with 

constant inlet temperature. The water flow rate is controlled 

by bypass valve and centrifugal pump. The heat exchanger 

is operated in counter flow mode. 

 

 
Fig -1: Schematic of experimental set-up 

 

The calibrated K- type thermocouples are used to measure 

the inlet and outlet temperatures of the glycerol and water.  

To locate the thermocouples holes of 0.5 mm are drilled at 

required position and thermocouples with 0.3 mm diameter 

inserted into holes and fixed. The pressure drop is measured 

for the shell side fluid i.e. glycerol using pressure 

manometer. The water flow rate is maintained constant at 

750 LPH. The glycerol flow rate is varied from the 200 LPH 

to 400 LPH. The rotation is provided for the inner tube with 

help of DC motor and the speed of rotation is varied from 

the 0 rpm to 100 rpm. The inlet and outlet temperatures are 

recorded for the hot and cold fluids for 0, 50 and 100 rpm 

for the above mentioned flow rates. The outer surface of 

heat exchanger is insulated by the rubber. The temperature 

measurements enabled studying the effect of different flow 

parameters such as Reynolds number, Prandtl number as 

well as heat transfer characteristics of double pipe heat 

exchanger with helical fins on the outer surface of inner 

rotating tube. The Nusselt number and heat transfer 

coefficient are obtained for each observation. 

 

 
Fig -2: Inner tube with helical fins on outer surface [1] 

 

3. DATA REDUCTION 

To study the heat transfer characteristics of double pipe heat 

exchanger with helical fins on the outer surface of rotating 

inner tube, the shell side heat transfer coefficient ho  must be 

determined. 

 

Heat rejected by hot fluid i.e. glycerol is 

 

Qglycerol =  m glycerol  X Cp glycerol  X (Tglycerol  in −

 Tglycerol  out )                                                                      (1) 

 

Heat absorbed by cold fluid i.e. water is 

 

Qwate r =  m water × Cp water ×  Twater  out − Twater  in    (2) 

 

Average heat transfer rate is given by 

 

Qavg =  
Qglycerol + Qwater

2
                                                    (3) 

 

The thermodynamic and transport properties of glycerol and 

water are calculated at the bulk mean temperature of 

respected fluids. 

 

Tmean  bulk =  
T  bulk  inlet + T  bulk  outlet

2
                                  (4) 

 

Tmean  bulk    = Bulk mean temperature 

T bulk  inlet    = Bulk mean temperature at inlet 

T bulk  outlet   = Bulk mean temperature at outlet 

 

The average heat transfer is also given by 

 

Qavg = U ×  A × LMTD                                                 (5) 
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The overall heat transfer coefficient (U) based on outer 

surface area of inner tube is 

 

U =  
Qavg

Ao  LMTD
                                                                     (6) 

 

Ao  is the heat transfer area considering the outer surface 

area of inner tube and total surface area of fins and LMTD is 

log mean temperature difference. 

 

Log mean temperature difference (LMTD) is given as 

 

LMTD =  
θ1−θ2

ln  
θ1
θ2

                                                                 (7) 

 

θ1 =  Tglycerol  in − Twater  out                                           (8) 

 

θ2 =  Tglycerol  out − Twater  in                                           (9) 

 

Ao =  πdo l + Af                                                              (10) 

 

Where Af  = surface area of helical fins. 

 

Af = n × Afin                                                                 (11) 

 

Where Afin  is surface area of single fin considering fin 

having circular cross-section. 

 

Number of fins,        n =  
l

p
                                             (12) 

 

Where l is total length of fins and p is the pitch of single fin 

 

Afin =  A c/s of  fin − Ao  c/s                                        (13) 

 

A c/s of  fin =  
π

4
   2 hfin  + do 

2                                 (14) 

 

Ao  c/s =  
π

4
  do

2                                                            (15) 

 

A c/s of  fin   =  Cross sectional area of fin considering it 

  as circular disc 

Ao  c/s      = Cross sectional area of inner tube based on  

            outer diameter 

 

The overall heat transfer coefficient based on the outer 

surface area of inner tube is 

 
1

U
=  

1

ho
+  

Ao

A i
 Rwall + 

Ao

A i  hi
     [3]                                   (16) 

 

Where, 

Ai = inner surface area of inner tube 

Rwall  = thermal resistance of inner tube wall 

 

Ai =  π di l                                                                      (17) 

 

Rwall =  
di  ln  

d o
d i

2Kt
      [3]                                                    (18) 

 

Kt  = thermal conductivity of inner tube material. 

By putting the value of  hi into equation (16), shell side heat 

transfer coefficient ho  is obtained. 

 

The Nusselt number for the shell side is given by 

 

Nu =  
ho dh

Kglycerol
                                                               (19) 

 

Where, dh  = hydraulic diameter for the shell side 

 

The shell side can be considered as the helical channel with 

rectangular cross section [1]. The hydraulic diameter for the 

rectangular cross section is given as 

 

dh =
4 hc p

2 hc +p 
                                                                  (20) 

 

 hc =  hfin +  c                                                              (21) 

 

The Reynolds number and Prandtl number obtained as 

 

𝑅𝑒 =  
ƍ𝑉𝑑ℎ

µ
                                                                      (22) 

 

𝑃𝑟 =  
µ 𝐶𝑝

𝐾
                                                                       (23) 

 

4. RESULTS AND DISCUSSIONS 

Experiments were conducted to study the effect of following 

parameters: 

I) Variation of flow rate between 200 LPH to 400 LPH for 

the glycerol and flow rate of water is constant at 750LPH. 

II) Variation of speed of rotation of inner tube from 0 RPM 

to 100 RPM. 

 

The experimental Results are compared with the theoretical 

results obtained by using Dittus-Boelter Equation which is 

applied for plain tube in tube heat exchanger. The variation 

of the Nusselt number with Reynolds number for the 

stationary inner tube obtained from the experimental results 

is shown in Fig-3. The Nusselt number obtained for the 

plain inner tube from the Dittus-Boelter equation and is also 

plotted in the Fig-3. The graph shows that as Re increases 

the Nu increases both for plain tube in tube and for finned 

inner tube heat exchanger. The Nusselt number obtained 

with the helical fins on the outer surface of the inner tube is 

higher than that obtained for the plain inner tube. The 

Nusselt number with only helical fins are 4 times more than 

that of plain tube heat exchanger. 

 

The speed of rotation of the inner tube is varied from the 0 

rpm to 100 rpm in the steps of 50 rpm. The Nusselt numbers 

obtained for each speed of rotation are plotted in the Fig-4. 

The graph shows that as the speed of rotation increases the 

Nusselt number goes on increasing for the same Reynolds 

number. The Nusselt numbers at the speed 50 rpm and 100 

rpm are 36% and 64% more than that of stationary inner 

tube. The Nusselt number at 100 rpm is 21 % higher than 

that of 50 rpm. 
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Fig -3: Comparison of experimental results with Dittus- 

Boelter equation results for stationary inner tube 

 

 
Fig -4: Comparison of experimental results for different 

speeds 

 

5. CONCLUSIONS 

The Nusselt number obtained from the experimental results 

are higher than that of theoretical values obtained from 

Dittus-Boelter equation. The helical fins over the inner tube 

results into the increase in the heat transfer area and 

reduction in the hydraulic diameter of the flow channel. In 

addition to this the rotation of inner tube enhances the 

turbulence and mixing of fluid molecules which is necessary 

to enhance the heat transfer rate in the convection mode of 

heat transfer. For the present work the Nusselt number for 

the inner tube with helical fins is 4 times higher than that of 

the plain inner tube for stationary condition. The Nusselt 

numbers at the speed 50 rpm and 100 rpm are 36% and 64% 

more than that of stationary inner tube. The Nusselt numbers 

at 100 rpm are 21 % higher than that of 50 rpm. 
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APPENDIX A. NOMENCLATURE 

ℎ𝑜        Shell side convective heat transfer coefficient 

Q          Heat transfer rate 

𝑚         Mass flow rate 

𝐶𝑝         Specific heat 

T           Temperature 

𝑈          Overall heat transfer coefficient 

𝐴           Surface area 

𝐿𝑀𝑇𝐷    Logarithmic mean temperature difference 

𝐴𝑜       Heat transfer area based on outer diameter of the 

inner tube and surface area of fins 

𝑑𝑜         Outer diameter of inner tube 

𝑙           Total length of fins 

𝐴𝑓         Surface area of the helical fins 

𝑛           Number of fins 

𝐴𝑓𝑖𝑛      Surface area of single fin 

𝑝          Pitch of the helical fins 

ℎ𝑓𝑖𝑛         Height of fin 

ℎ𝑖        Tube side convective heat transfer coefficient 

𝐴𝑖    Heat transfer area based on the inner diameter of 

the inner tube 

𝑅𝑤𝑎𝑙𝑙     Thermal resistance of inner tube wall 

𝑑𝑖            Inner diameter of inner tube 

𝐾𝑡      Thermal conductivity of inner tube material 

𝑁𝑢     Nusselt number 

𝑑ℎ        Hydraulic diameter 

ℎ𝑐       Height of flow channel 

𝑐          Clearance between fin and inner surface of outer 

tube 

𝑅𝑒        Reynolds number 

𝑃𝑟          Prandtl number 

𝑉          Velocity 

 

Greek Symbols 

ρ          Density of fluid 

μ          Dynamic viscosity of the fluid 

θ         Temperature difference 

Subscript 

avg     Average 

o         Outer 

i           Inner 
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