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     :الخلاصة
يمم اخميار   حيث  ANSYS FLUENT 19.2باستتتتم دان برنام    مبادل الحراري ذو الملف الحلزوني  للفي العمل الحالي ، تم إجراء محاكاة عددية   

حيث تم اخميار اله اء بدل ما هذا المبادل كجهاز لاستمعادة الحرارة الاتاةعة ما اجل تيت يا الزيل الل يل وت ليل استمهلو ال ف د في معامل القاب    

ذو ملف حلزوني  مك ن ما الاستق انة   ال رترة   تاتمتل الدراستة العددية تيتميم مبادل حراري  .  غازات الع ادن لانه يحمل نفس ال  اص االحرارية

و   0.153و   0.166فة . تمل دراستتتتة  ل ة مبادلات حرارية ذات بنب ز حلزوني بتيتتتت  انحتاء م ملحلزنة محملفة مع نيتتتتبة انحتاء م ملفة ودرجة 

الجانبي لليتتتاةل البارد      ملم . في الغلف100،   75،    50،   30م ملفة   حلزنةلاخميار الأفاتتتل. تم اخميار بربعة ملفات حلزونية ذات درجة   0.142

حلزوني مع النب ز  الأ  ن / ث في 48إلى   20ما    م /  انية ، وتمراوح سترعة  اله اء  اليتاخاغ  ك0.1 -  0.06 الزيل  "معدل المدفق" ي ملف ما  

  كجم /  تانيتة ييدي إلى خف   0.1-0.06  درجتة مو يتة. ل تد وجتد بن زيتادة "معتدل تتدفق كملتة الزيتل" ما  250،   225،   200   اله اءدرجتة حرارة  

رفم ديا ورفم نيتتلل  يزداد بيتما   اكبر  تعقي معدل ن ل حرارة بعلى ودرجة حرارة الزيل  0.142نيتتبة الانحتاء  و   ٪3"درجة حرارة الزيل" ح الي  

ا بن زيادة درجة ح0.166في الملف مع نيتتتبة انحتاء   الحرارة الكلي وعدد نيتتتلل ما   الملف بدت إلى زيادة معامل انم ال  لزنة. بظهرت التماة  بياتتتأ

وان فتا  الاتتتتغت ، يمتتافط على م ل الملف مع زيتادة خق ة  ، فعتاليتة المبتادل الحراري  درجتة حرارة الزيتل   الحرارة ،  بيتمتا كميتة  جتانت  الغلف  

 .  الملف
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Abstract  
In this work Numerical investigations have been done for shell and helical tube 

heat exchanger using ANSYS FLUENT package 19. 2. It had been chosen as a 

heat recovery device in order to recover heat from exhaust gases of bricks 

factory furnaces and use it to preheat the heavy fuel oil and reduce fuel 

consumption. Air had been chosen as a hot gas instead of furnace exhaust gases 

because of the similar thermal properties. Numerical study involved design of 

helical tube with different curvature ratio (di/Dc) 0.166, 0.153, and 0.142 and 

different coil pitch (30, 50, 75, and 100) mm has been chosen. In shell side cold 

fluid (oil) "flow rate" is varying from (0.06 - 0.1) kg/s and velocity of hot fluid 

(air) changes from (20 - 48) m/s in helical tube with inlet temperature (200, 225, 

250) °C. It has been found out that increasing "oil mass flow rate" from kg/s 

cause decreasing oil outlet temperature and curvature ratio 0.142 gives higher 

heat transfer rate while higher Dean number and Nusselt number in coil with 

curvature ratio 0.166. Also, results show increases of coil pitch led to increasing 

in overall heat transfer coefficient and Nusselt number of the shell side. while, 

heat transfer, oil outlet temperature effectiveness and pressure drop, decreases 

along helical tube. Finally, by investigating the temperature contour, it was 

determined that a secondary flow through the helical tube affected by 

centrifugal force, was existed, enhancing the fluid flow turbulency and heat 

transfer rate. 

 

  
Keywords: shell and helical tube; pitch coil; coil diameter; Dean Number; curvature ratio; oil outlet 

temperature 
 ; be small letters 
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Nomenclature 

 

Greek Symbols 

 

 

 

 

Symbol Title Units 

C Heat capacity W/°C 

𝐶𝑝𝑐 Specific heat of cold fluid J/kg. °C 

𝐶𝑝ℎ Specific heat of hot fluid J/kg. °C 

𝐷𝑐  Coil diameter m 

𝑑𝑖  Internal diameter of helical tube m 

dh Hydraulic diameter m 

De Dean number - 

𝑓 Friction factor - 

hi Inner side heat transfer coefficient W/m2. °C 

ho outer side heat transfer coefficient W/m2. °C 

K Thermal conductivity W/m. °C 

L Tube length m 

𝐿𝑐 Helical tube length m 

𝑚̇𝑐 Mass flow rate of cold fluid kg/sec 

𝑚̇ℎ Mass flow rate of hot fluid kg/sec 

𝑁𝑢  Nusselt number  - 

𝑃𝑟  Prandtl number  - 

Q Heat transfer rate W 

Re  Reynolds number  - 

T Temperature °C 

T c i Inlet temperature of cold fluid °C 

T c o Outlet temperature of cold fluid °C 

T h i Inlet temperature of hot fluid °C 

T h o Outlet temperature of hot fluid °C 

p pitch mm 

U Overall heat transfer coefficient W/m2. °C 

𝑢𝑎𝑣𝑒 Air velocity m/s 

Symbol Title Units 

∆P Pressure drops Pa 

∆T Temperature difference °C 

Δ𝑇𝑚    mean temperature difference °C 

𝜀 Heat exchanger effectiveness - 

µ viscosity kg/m.sec 

𝜇𝑡 The turbulent eddy viscosity kg/m.sec 

ρ Fluid density kg/m3 

𝛾 Pitch ratio - 

δ Curvature ratio - 
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1. INTRODUCTION 

The energy contained in one fluid must be transferred from one fluid to another using process equipment. A heat 

exchanger is a mechanical device that converts thermal energy from a hotter fluid to a colder fluid. In other ways, 

heat exchangers ensure that two fluids of varying temperatures effectively exchange heat while preventing the fluids 

from mixing due to a dividing wall. Heat exchangers are in common use in many engineering applications, such as 

air conditioning and refrigeration systems, space heating, Petro-chemical plants, waste heat recovery, natural gas 

processing, boilers, condensers, chemical processes, sewage treatment, power generation and automotive 

applications. Shell and helical tube heat exchangers are Common apparatus used in a variety of industrial settings, 

including those concerning nuclear power, chemical and food industries, solar energy applications.  "Figure (1)" 

shown shell and helical tube heat exchanger which is the essential piece of engineering machinery for transferring 

heat from one fluid to another. These type of heat exchangers are becoming increasingly important nowadays. "Heat 

transfer rate" of "shell and helical tube heat exchangers" is significantly great because the secondary flow pattern 

innovative in helical coil due to "centrifugal force" caused by curvature of  tube [1] Additionally, they have higher 

heat transfer coefficients and provide a larger heat transfer surface in a condensed space [2]. In industries, designing 

and thermal evaluating heat exchangers is often done to maximize heat transfer while minimizing cost, material, 

and energy use. Making a heat exchanger small and maximizing heat transmission with the least amount of space 

is the major difficulty in heat exchanger design. By creating secondary flow in the coil, the coiled tube passive 

enhancement approach has a great potential to improve heat transfer. Studying flow and heat transfer in helical coil 

tubes is essential due to improved heat transmission. The first challenge has been made by Dean to define 

mathematically the flow in a helical tube. 

In this paper, will be used shell and helical tube for the purpose of heating heavy oil by hot air. The air flow is in 

the helical tube while, the heavy oil is in the shell.  The effect of various geometrical parameters, such as curvature 

ratio, helical tube pitch, on heating of heavy oil are discussed. The results are given as temperature contours, average 

Nusselt number versus Dean number. 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Shell and helical tube heat exchange 

2. LITERATURE REVIEW 

Theoretical and practical investigations on the waste heat recovery of combustion stack gas at about 200°C in 

vertical helical coils were given by Kong et .al [3]. This study used curvature ratios of 0.04 to 0.06 and pitch to coil 

diameter ratios of 0.1 to 0.25. The outcome shown that increasing curvature (d/D) or decreasing coil diameter 

enhanced the water side heat transfer coefficient and Nusselt number. 

Sheeba et.al [4] calculated experimentally and numerically the effect of increasing Dean number in "helical tube 

heat exchanger" . According to research, heat transfer rates rise by 75% as Dean numbers increase from 325 to 600, 

and total heat transfer coefficient rises with pitch until it reaches a maximum at pitch 75 mm before falling. 

The pressure drop of air flowing through helical tubes with different shapes and various coil sizes was experiment

ally investigated by Rezaei et.al [5] .According to the study, the triangle, square, pentagon, and circle, respectively, 

display the biggest pressure drops while the flow rate and coil diameter remain constant.  
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In order to anticipate fluid flow and heat transfer characteristics using a combination of forced convection and 

"thermal radiation" in coil tubes, Kushwaha et.al [6] provided numerical analysis. The results showed an increase 

in curvature ratio led to increase friction factor and Nusselt number with an increase in Reynolds number due to 

effect of "thermal radiation" and "secondary flow" 

 KUMAR et.al,[7] studied experimentally effect "volume flow rate" on "overall heat transfer coefficient". The study 

showed effectiveness and temperature difference decreased with increased "volume flow rate" in coil side. 

Abu-Hamdeh et.al, [8] used ANSYS FLUENT software to conduct  analysis of performance of a "helical double-

tube heat exchanger". Pitch (P) was selected between (0.5 – 30) mm and 30 mm length. The study's major findings 

are that shear stress lowers with increasing pitch and that overall heat transfer coefficient improved by 45%. 

Najm et.al, [9] presented numerically helical "heat exchangers" with modified pitch coil to double. The study 

exposed that “Modified pitch P2P-P” of the coil rises "overall heat transfer coefficient" by 22%. 

Xu et.al, [10]  studied  the effects of various grooving approaches and depths on the heat transfer characteristics of 

helically coiled tube using "ANSYS FLUENT" software. The study showed that the "performance evaluation 

criterion" (PEC) value of the helical grooved tube was 25% higher than helical tube. 

.3. Aim of research 

Study the effect of change curvature ratio and coil pitch of helical tube on heat transfer rate and oil outlet 

temperature. 

4.Shell and helical tube heat exchanger model  

The heat exchanger of interest in this study consists of a helical tube embedded in a cylindrical shell. Air enters 

the helical tube at temperatures of (200, 225 and 250) °C with velocity changes from (20 - 48) m/s while, in shell 

side cold fluid (oil) "flow rate" is varying from (0.06 - 0.1) kg/s with inlet temperature 40 °C. The geometry of 

helical heat exchanger has been made in ANSYS FLUENT 2019 R2. The geometric strictures interrelated to the 

shell are constant (length 1500 mm and 152.4 diameter) and two helical tube parameters including coil diameter 

(Dc) and pitch of helical tube (p) are variable are shown in "Figure (2)". The helical tube heat exchanger is made 

up of copper and air "has been used as working fluid" inside coil and heavy oil in the shell side. 

as they were divided helical tube into two groups, as shown in Tables 1 and 2.  

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Shell and helical tube heat exchange geometry 
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Table 1 First group of helical coils (different curvature ratio) 

Specification Coil 1 Coil 2 Coil 3 

diameter of coil (Dc) mm 120 130 140 

diameter of tube (di) mm 20 20 20 

Pitch mm 30 30 30 

curvature ratio δ 0.166 0.153 0.142 

No of turn 50 50 50 

Length of coil m 18.89  20.46  22  

 𝑫𝒉 (shell) m 0.102 0.094 0.086 

A coil 𝒎𝟐 1.186  1.28  1.38  

 

Table 2 Second group of helical coils (different pitch) 

Specification Coil 1 Coil 2 Coil 3 Coil 4 

diameter of coil (Dc) mm 140 140 140 140 

diameter of tube (di) mm 20 20 20 20 

Pitch mm 30 50 75 100 

No of turn 50 30 20 15 

curvature ratio δ 0.142 0.142 0.142 0.142 

Length of coil m  22 13.27  8.9   6.7  

 𝑫𝒉 (shell) m 0.086 0.143  0.215  0.286 

A coil 𝒎𝟐 1.38  

 

0.83   0.56  0.42  

  

4.1 Mesh Generation  

The process of creating the appropriate mesh is a basis CFD simulation, in order to improve the simulation's 

accuracy. Due to the precise mesh being produced by a proper 3D model, which also lowers the number of iterations, 

complex geometries are breaking down into parts that may be utilized to discretize a domain. Initially a relatively 

coarser mesh is generated. In the current work, a mixed of Hexa-Tetra, wedges mesh was used as shown in "Figure 

(3)". 

Fig. 3 Mesh of shell and helical tube heat exchange 
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4.2 Grid Independency 

To confirm the accuracy of the solution, the mesh of the current study was examined by a change in some parameters 

and repeats the simulation work as shown in Table 3. 

Table 3 Number of elements and oil outlet temperature 

Grid sizing Element Size (mm) No. Elements Oil Outlet Temperature (◦c) 

 

Coarse 

10 2149952 50.4 

8 2217555  51.3 

 

Medium 

7 2331760  52.5  

6  2578720 53.2  

 

         Fine 

5 3161006  54.3  

4.5 3448657  54.5  

4  3769861 54.6  

 

It is clear that the results variations are not significant after elements number 3161006 for this reason 

this number of elements was chosen as shown in Table 3.    

4.3 Assumption 

In order to solve the Navier-Stoke equations which are included a number of variables that can be reduced by 

adopting the assumptions: "Three-dimensional design", steady state, flow is turbulent in helical tube, flow is laminar 

in shell, incompressible flow in shell, Newtonian fluid, single phase model, adiabatic process (no heat losses) and 

heat exchanger is vertical and gravity is defined as y = (-9.81m/ 𝑠2).  

4.3.1 Governing Equations 

The set of the differential form of equations describes the transport of mass, momentum and energy in a fluid is in 

the following form [10] 

4.3.1.1 Mass conservation (continuity equation) 

"
𝜕𝑢

𝜕𝑥
+

𝜕𝑣̅

𝜕𝑦
+

𝜕𝑤̅

𝜕𝑧
= 0"                                                                                                                (1 

4.3.1.2 Conservation of Momentum  

(u̅
∂u̅

∂x
+v̅

∂u̅

∂y
+w̅

∂u̅

∂z
) + (

∂

∂x
(u'2̅̅̅̅ )+

∂

∂y
(u'v'̅̅ ̅̅ ̅)+

∂

∂z
(u'w'̅̅ ̅̅ ̅̅ )) = −

1

𝜌

𝜕𝑝

𝜕𝑥
+

μ

ρ
(

∂2u̅

∂x2 +
∂2u̅

∂y2 +
∂2u̅

∂z2)                                   (2)                                                                                                              

" (𝑢̅
𝜕𝑣̅

𝜕𝑥
+ 𝑣̅

𝜕𝑣̅

𝜕𝑦
+ 𝑤̅

𝜕𝑣̅

𝜕𝑧
) " + " (

𝜕

𝜕𝑥
(𝑢′𝑣′̅̅ ̅̅ ̅̅ ) +

𝜕

𝜕𝑦
(𝑣′2̅̅ ̅̅ ) +

𝜕

𝜕𝑧
(𝑢′𝑤′̅̅ ̅̅ ̅̅ )) " = −

1

𝜌

𝜕𝑝

𝜕𝑦
+

𝜇

𝜌
" (

𝜕2𝑣̅

𝜕𝑥2 +
𝜕2𝑣̅

𝜕𝑦2 +

𝜕2𝑣̅

𝜕𝑧2) "    (3)                                                                                                                         

" (𝑢̅
𝜕𝑤̅

𝜕𝑥
+ 𝑣̅

𝜕𝑤̅

𝜕𝑦
+ 𝑤̅

𝜕𝑤̅

𝜕𝑧
) " + " (

𝜕

𝜕𝑥
(𝑢′𝑤′̅̅ ̅̅ ̅̅ ) +

𝜕

𝜕𝑦
(𝑢′𝑣′̅̅ ̅̅ ̅̅ ) +

𝜕

𝜕𝑧
(𝑤′2̅̅ ̅̅ ̅)) " = −

1

𝜌

𝜕𝑝

𝜕𝑧

𝜇

𝜌
" (

𝜕2𝑤̅

𝜕𝑥2 +
𝜕2𝑤̅

𝜕𝑦2 +
𝜕2𝑤̅

𝜕𝑧2 ) "     (4) 
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4.3.1.3 Conservation of Energy 

" (𝑢̅
𝜕𝑇̅

𝜕𝑥
+ 𝑣̅

𝜕𝑇̅

𝜕𝑦
+ 𝑤̅

𝜕𝑇̅

𝜕𝑧
) " + " (

𝜕

𝜕𝑥
(𝑢′𝑇′̅̅ ̅̅ ̅̅ ) +

𝜕

𝜕𝑦
(𝑣′𝑇′̅̅ ̅̅ ̅̅ ) +

𝜕

𝜕𝑧
(𝑤′𝑇′̅̅ ̅̅ ̅̅ )) " = 𝛼" (

𝜕2𝑇̅

𝜕𝑥2 +
𝜕2𝑇̅

𝜕𝑦2 +
𝜕2𝑇̅

𝜕𝑧2) "                     (5) 

4.3.2 Model 

Using the energy equation and the viscous k-epsilon models from Fluent, Realizable because it 

can employ two equations of k- to increase the precision of the eddy's flows and the quickly 

exhausted flows. 

4.3.2.1 Turbulence Kinetic Energy Equation  

𝜌" (𝑢̅
𝜕𝑘

𝜕𝑥
+ 𝑣̅

𝜕𝑘

𝜕𝑦
+ 𝑤̅

𝜕𝑘

𝜕𝑧
) " = " [(𝜇 +

𝜇𝑡

𝜎𝑘
) (

𝜕2𝑘

𝜕𝑥2 +
𝜕2𝑘

𝜕𝑦2 +
𝜕2𝑘

𝜕𝑧2)] " + 𝐺𝑘 − 𝜌𝜖                                                       (6) 

4.3.2.1 Dissipation Rate ( ∈ ) Equation  

ρ" (u̅
∂ϵ

∂x
+v̅

∂ϵ

∂y
+w̅

∂ϵ

∂z
) " = " [(𝜇 +

𝜇𝑡

𝜎𝜖
) (

𝜕2𝜖

𝜕𝑥2 +
𝜕2𝜖

𝜕𝑦2 +
𝜕2𝜖

𝜕𝑧2)] " + 𝐶1𝜖
𝜖

𝑘
𝐺𝑘 − 𝐶2𝜖𝜌

𝜖2

𝑘
                                             (7)                                                                                                

3.3.3 Materials 

In the current work, the properties of the materials must be entered if they are fluid or solid to be recognized by the 

program as shown in Table 4. 

Properties of materials Table 4  

"Viscosity" 

 (kg/m. s) 

"Thermal conductivity" 

 (w/m. k) 

"(specific heat)"  

J/kg. k 

"Density" 

kg/𝒎𝟑 

Materials 

1.7894×10−5 0.0242 1006.34 1.225 Air 

0.048 0.12 1880 960 Heavy oil 

 387.6 381 8978 Copper 

  

4.3.4 Boundary Condition 

The boundary conditions which are applied in this study are listed in the following Table 5. 

Table 5 Boundary condition for air and heavy oil. 

Inlet boundary condition for air 

1  Temperature  (200,225,250) ºC 

2  Inlet velocities  (20,27,34,41,48) m/s 

 Inlet boundary condition for heavy oil 

1 Temperature 40 ºC 

2 mass flow rate (0.06, 0.08, 0.1) kg/s 

Pipe wall boundary condition 

Inner pipe 

 

 Thermal condition   Via system coupling  

 Material   Copper  

Outer pipe 

 

 Thermal condition   Via system coupling  

 Material   Copper  

Adiabatic wall  Heat Flux  0 W/𝑚2 
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5.DATA REDUCTION 

Heat transfer from the hot fluid is equal to the cold fluid   

Q = mh
° × Cph × ∆t                                                                                                                                   (8)                                                                 

Q = mc
° × Cpc × ∆t                                                                                                                           (9) 

Helical Tube Side (air): 

Q = UiAi∆Tlmt = UoAo∆Tlmtd                                                                                                             (10)     

 A𝑖 = πd𝑖𝐿𝑐                                                                                                                                          (11)       

 𝐿𝑐=𝑁√(πDc)2 + (p )2                                                                                                                        (12)                                                                                     

𝐿𝑀𝑇𝐷 =  
∆𝑇1−∆𝑇2

𝐿𝑛 (
∆𝑇1

∆𝑇2
)

                                                                                                                                                 (13) 

∆𝑇1 = 𝑇ℎ1 − 𝑇𝑐2                                                                                                                                                 (14)   

∆𝑇2 = 𝑇ℎ2 − 𝑇𝑐1                                                                                                                                                 (15)                                                                    

Turbulent Nusselt number [11]      

𝑁𝑢 = 0.023  𝑅𝑒0.85𝑃𝑟0.4(
di

      Dc     
 )0.1                                                                                                     (16)                                                 

 Re =
ρ u di

μ 
                                                                                                                                            (17)  

 𝑃𝑟 =
𝜇𝑎𝑖𝑟𝑐𝑝𝑎𝑖𝑟

𝑘𝑎𝑖𝑟
                                                                                                                                       (18) 

ℎ𝑖  
 = 

𝑁𝑢 𝑘

𝑑𝑖 

                                                                                                                                                (19)                                                                                     

De = Re (
di

      Dc     
 )0.5                                                                                                                              (20)                                                                                 

∵ Q = m𝑐
° × Cp × ∆t                                                                                                                              (21)  

 Uo =
Q

Ao∆Tlmtd
                                                                                                                                       (22) 

Uo =
1

Ao
hiAi

+
Aoln(

do
di

⁄ )

2πKtL
+

1

ho

                                                                                                                          (23) 

dh 
=

Dsh
2−πDcdi

2γˉ¹ 

Dsh
 +πDcdi  γˉ¹

      [12]      shell side                                                                                             (24) 

 γ =
𝑝

πDc 

                                                                                                                                                (25) 

 𝑁𝑢  = 
ℎ𝑜𝑑ℎ

𝐾 
                                                                                                                                             (26)                                                                                      

ε =
Qactual 

Qmax
                                                                                                                                                                 (27)                                                                                                        
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6.RESULTS AND DISCUSSION 

Numerical investigations" have been carried out to study the effect of "oil mass flow rate", pitch, and coil diameter 

on heat transfer and flow features in a "shell and helical tube heat exchanger". The flow is turbulent in helical tube 

and laminar in shell and flow arrangement is counter flow. The number of iterations is set to 1000 and when the 

solution is converged, temperature, pressure for air and oil are calculated from reports – surface integral – facet 

average.  

 

 6.1 Validation of numerical results 

To ensure the theoretical findings are accurate, a comparison was made with the experimental results of the previous 

study. The study presented by the researcher was selected from Kumar et al. (2020) attended as references to the 

experimental literature data that were made for validation. The working fluid water was allowable to flow at three 

dissimilar flow rates of "(1, 2, and 3) l/min" at temperature of 298 k on shell side and at "(1, 1.5, 2, 2.5, and 3) l/min" 

and temperature of (323±0.4 K) on coil side (hot water). Temperature difference was calculated and plotted against 

the volume flow rate as shown on the other hand, Nusselt Number was calculated which it is plotted against the 

inner Dean number and compared with present study. "Figure (4)" evident that the present prediction is in agreement 

with the results by Kumar et al. (2020) with a small average deviation 1.1% and 2% between the values. However, 

the results behavior was similar.                                      
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Validation numerical results with experimental result of previous study 

 

6.2 Effect of oil flow rate on heat transfer rate and oil temperature 

From "Figure (5)" the results indicate that "oil outlet temperature" decreased about 3% with increase of "oil flow 

rate" from (0.06 - 0.1) kg/s. The reason is the mass flow rate is a function of the fluid velocity, so low mass flow 

rate means low velocity and that mean more time for the fluid particles to pass throw the heat exchanger form inlet 

point to the exit point. This additional time give these particles to get higher temperature. Also, increasing "oil mass 

flow rate" cause increasing in heat transfer with percentage 37% because the increasing of flow rate led to increases 

oil heat capacity. Also, Nusselt number and convective heat transfer coefficient for air side not affected and it’s 

almost the same. 



Saleh et al   

Wasit Journal of Engineering Sciences 2023 11 (3)                                                                                                                   pg129 
 

 

 

 

 

 

 

 

 

 

 

Fig.5 Effect of oil flow rate on heat transfer rate and oil outlet temperature 

6.3 Effect of curvature ratio 

Curvature ratio is the ratio of the inner helical tube diameter (di) to the diameter of the coil. It creates stronger 

centrifugal force that leads to increase maximum axial velocity and secondary velocity [15]. In this part the effect 

of changing curvature ratio will be discussed based on the specifications in Table 1, the diameter of coil Dc has 

been changed (120,130 and140) mm, coil pitch 30 mm at constant oil flow rate 0.06 kg/s and constant air inlet 

temperature 250 oC. 

 
6.3.1 Effect of curvature ratio on Dean number 

Dean number (De) is a function of "Reynolds number" (Re) and curvature ratio. As shown in "Figure (6)". The 

results show that Dean number (De) for air side increased with percentage 58 % when (Re) increased from minimum 

value 26014 to maximum value 62434 at constant curvature ratio (δ). Also, Dean number is higher in coil (1) with 

curvature ratio 0.166 than coil (2) and coil (3) with percentage (4%, 8%) respectively due to increase curvature ratio 

leads to increase centrifugal force and secondary flow. 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 Effect of curvature ratio on Dean number 
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6.3.2 Effect of curvature ratio on heat transfer rate and oil outlet temperature  

"Figure (7)" shows variation in heat transfer and temperatures of oil for different curvature ratio.  It is clear that 

maximum oil outlet temperature and maximum heat transfer rate at coil (3) with curvature ratio 0.142 because the 

surface area of this coil is slightly higher than coil (1) and coil (2). So, heat transfer rate and oil outlet temperature 

are higher in coil (3) with percentage (12%, 6%) and (5%, 3%) than coil (1) and coil (2) respectively. 

 

 

 

 

 

 

 

 

 

 

Fig .7 Effect of curvature ratio on heat transfer and oil outlet temperature 

6.3.3 Effect of curvature ratio on Nusselt number 

It is known that De is directly proportional to Nusselt number (Nu). As a result, Nu decreases with the increase of 

coil diameter. Additionally, this can be accredited to the increase of Nu in helical tube which is related to the detail 

that in higher De, stronger "secondary flows" will be gotten that are innovative in the cross section of tube. 

Therefore, the momentum transmission from wall of the tube increases and as a result of having developed 

momentum argument near the wall [16]. "Figure (8)" shows that Nu in helical coil (air side) higher in coil (1) than 

coil (2) and coil (3) due to increasing Re but the effect of changing curvature ration is not significant while in shell 

(oil side) it is higher in coil (1) with percentage (11%, 21%) than coil (2) and coil (3) respectively. 

 

 

 

 

 

 

 

 

 

 

Fig.8 Effect of curvature ratio on Nusselt number 
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6.3.4 Effect of curvature ratio on overall heat transfer coefficient and effectiveness 

 From "Figure (9)" it is clear that "overall heat transfer coefficient" and "effectiveness of shell and helical tube" heat 

exchanger enhance with increased Re and coil diameter because at high Re the whirlpool creation has capability to 

destroy thermal boundary layer, Also "heat transfer rate" increased as a result of  increase surface area of the thermal 

exchange therefore higher "overall heat transfer coefficient" and "effectiveness" at coil (3) with percentage 

(27%,15%) and (12%,6%) respectively compared with coil (1) and coil (2) 

 

 

 

 

 

 

 

 

 

 

Fig.9 Effect of curvature ratio on overall heat transfer coefficient and effectiveness 

 

  

6.4 Effect of coil pitch 

In this part, the effect of change coil pitch (30,50,75 and 100) mm on the thermal performance of the heat exchanger 

will be studied based on the specifications in Table 2 at constant oil flow rate 0.06 kg/s and constant air inlet 

temperature 250 oC and know the effect of each pitch on heat transfer rate and oil outlet temperature and other 

parameter.  

6.4.1 Effect of coil pitch on heat transfer rate 

As can be seen in "Figure (10)", the flow within the coil with the largest number of turn (pitch 30 mm) revelations 

a greater "heat transfer rate". Pitch also affects the "centrifugal force" on a fluid in motion. From figure it is clear 

that maximum heat transfer rate at coil pitch 30 mm and it is a higher with percentage (6%,10%,17%) respectively 

than other coils because the surface area of this coil is largest. Also, heat transfer rate increase about 35% when 

Dean number increases from 9547 to 22879. 
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Fig.10 Effect of coil pitch on heat transfer rate 

6.4.2 Effect of coil pitch on oil outlet temperature 

 

The effect of coil pitch on oil temperature difference between inlet and outlet coil side shown in "Figure (11)" it can 

be seen that the maximum difference of temperature appears at the coil with pitch 30 mm. "Coil pitch" and Dean 

number have significant effect on the value of oil temperature. These values decrease with increasing coil pitch and 

increases with increasing Dean number at the same inlet condition. Generally maximum oil outlet temperature at 

coil (1) with pitch 30 mm and Dean number 22879 and minimum oil outlet temperature at coil (4) with pitch 100 

mm and Dean number 9547. 

 

 

 

 

 

 

 

 

 

 

Fig.11 Effect of coil pitch on oil outlet temperature 
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6.4.3 Effect of coil pitch on Nusselt number 

"Figure (12)" shows relationship between De (air side) and Nu" (oil side). From the results the heat transfer 

coefficient" and Nu inside shell enhance with increase coil pitch  because in smaller coil pitches, the oil is kept in 

the space between the sequential coil circles and semi-dead zone is formed and in this region, the flow slowed and 

heat transfer coefficients will be down .for this reason maximum Nu in coil (4) with pitch 100 mm and it is a higher 

about ( 32%,69%,74%) compared with coil (3) ,coil (2) and coil (1) respectively .Also, "Nusselt number" in shell 

side increase about 7% when "Dean number" increases from 9547 to 22879 and increasing pitch coil does not cause  

significant change on Nusselt number of air side. 

 

 

 

 

 

 

 

 

 

Fig.12 Effect of coil pitch on Nusselt number 

6.4.4 Effect of coil pitch on overall heat transfer coefficient 

 

"Figure (13)" shows variation of "overall heat transfer coefficient" at different coil pitch. It appeared that the increase 

of coil pitch led to increase "overall heat transfer coefficient" and this increment was high for the pitch change from 

50 mm to 100 mm but on increasing the pitch beyond 50 mm the increment was moderate. As a result of increasing 

coil pitch the log mean temperature difference (LMTD) decrease and surface area of coil decrease too for this reason 

"overall heat transfer coefficient" increased and maximum "overall heat transfer coefficient" in coil (4) with pitch 

100 mm and it is a higher about (16%,36%,42%) compared with coil (3), coil (2) and coil (1) respectively  

 

 

 

 

 

 

 

 

 

Fig.14 Effect of coil pitch on overall heat transfer coefficient 
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6.4.5 Effect of coil pitch on effectiveness 

 

"Figure (14)" shows influence Dean number on effectiveness of heat exchanger at different coil pitch. It seemed 

maximum effectiveness in coil (1) with pitch 30 mm and it is a higher about (7%,12%,17%) compared with coil 

(2), coil (3) and coil (4) respectively. It is clear the effectiveness decreased with increased coil pitch due to decrease 

actual heat transfer rate. Also, effectiveness increased about 35% when dean number increased from 9547 to 22879. 

 

 

 

 

 

 

 

 

 

Fig.14 Effect of coil pitch on effectiveness 

 

6.4.6 Effect of coil pitch on pressure drops 

 

Friction is a main cause of pressure drops. Friction occurs inside wall of pipe when fluid passages in these pipes. 

Pressure drop is a function of friction factor and length of pipe and increase pitch led to decrease length. Therefore, 

maximum oil pressure drops in coil (1) with pitch 30 mm and it is a higher than coil (2), coil (3) and coil (4) with 

(3%,6%,8%) respectively as shown in "figure (15)" while the values of air pressure drops remain nearly unchanged 

with increased coil pitch  

 

 

 

 

 

 

 

 

 

Fig.15 Effect of coil pitch on pressure drops 
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6.5 Temperature Contour 
 

The effects of different curvature ratio on the temperature distribution are shown in "figure (16.a)". It can be seen 

that the maximum difference of temperature appears at the coil (3) with curvature ratio 0.142. Oil outlet 

temperature in coil (3) is slightly higher than that with coil (1) and coil (2). Furthermore, the temperatures of oil 

increase with increasing coil diameter Dc, which indicates that a larger amount of heat is transferred to the shell 

from the helical tube and maximum temperature occurs at the centre of tube. 

 

c. curvature ratio 0.142                                b. curvature ratio 0.153                                   a. curvature ratio 0.166  

 

g. curvature ratio 0.142                                f. curvature ratio 0.153                                   e. curvature ratio 0.166  

Fig. 16.a Temperature Contour at different curvature ratio 
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From "Figure (16. b)" at (xyz) plain it can be seen that hot temperature difference decrease with increase coil pitch 

and maximum heat transfer rate in helical coil with pitch 30 mm. 

                      b. coil pitch 50 mm                                                                 a. coil pitch 30 mm 

d. coil pitch 100 mm                                                    c. coil pitch 75 mm 

Fig. 17.b Temperature Contour at different coil pitch 
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6.6 Performance of heat exchanger 

In order to investigate the effect of using helical coil a detailed comparison is first made between the straight tube 

and helical coil. Here, it is expected that they have a higher heat transfer rate and pressure loss compared to the 

smooth tubes. It is known that higher Nusselt numbers and lower friction factor coefficients are needed to have 

cases with higher performance, Performance Evaluation Criterion (PEC) is used in this part to simultaneously 

consider the effects of higher heat transfer rate and pressure loss which is defined as the following: 

 

PEC  =
(

𝑁𝑢

Nus
 ) 

  ( 
𝑓

𝑓𝑠
  )0.33 

                                                                                                                                          

  

where Nu and f respectively stand for Nusselt number and friction factor coefficient of the straight tube. From 

"Figure (18)" It is observed that Performance Evaluation Criterion increased with increase coil pitch and Dean 

number. The highest performance at coil pitch (75 and 100) mm and case with coil pitch = 100 mm offers the 

maximum performance among the investigated cases.  

 

 

 

 

 

 

 

 

 

Fig.18 Performance Evaluation Criterion (PEC) at different coil pitch 
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7.CONCLUSIONS 

In this study, numerical simulations were showed to study "heat transfer enhancement" of "shell and helical tube 

heat exchanger", and influence of increase oil flow rate, curvature ratio and coil pitch on heat transfer concert of the 

heat exchanger and oil outlet temperature. The next conclusions can be drawn from the annotations: 

 

1-  Increasing "oil mass flow rate" from (0.06 to 0.1) kg/s cause decreasing oil outlet temperature 

about 3% and increasing heat transfer rate with 37%.  

2- Increasing curvature ratio leads to increase centrifugal force, secondary flow and. Dean number.  
3- Heat transfer rate and oil outlet temperature are higher in coil (3) with curvature ratio 0.142 about (12%, 

6%) and (5%, 3%) than curvature ratio 0.153 and 0.166 respectively. 

4- Nusselt number (oil side) is higher in coil (1) with curvature ratio 0.166 about (11%, 21%) compared with 

curvature ratio 0.153 and 0.142 respectively. 

5- Heat transfer rate increase 35% and oil outlet temperature increases 22% when Dean number increases 

from 9547 to 22879. 
6- Heat transfer rate and oil outlet temperature decrease with increase coil pitch about (17% and 8%) 

respectively.  

7- Overall heat transfer coefficient increased with decreasing curvature ratio and increased with decreased 

coil pitch. 

8- Effectiveness of heat exchanger increased with decreasing curvature ratio and decreasing with increase 

coil pitch. 

9- Nusselt number enhance with increase pitch coil and it is a higher in pitch 100 mm about (32%,69%,74%) 

compared with pitch (75,50 and 30) mm and increasing coil pitch does not cause significant change on 

Nusselt number of air side.  

10- Maximum oil pressure drops in coil (1) with pitch 30 mm and it decreases with increase coil pitch. 
11- The highest Performance Evaluation Criterion (PEC) at coil pitch (75 and 100) mm and case with coil pitch 

= 100 mm offers the maximum performance among the investigated cases.     
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