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Abstract  

 

Heat exchangers are the equipment that exchanges the heat energy between the surface and the fluid. 

Heat exchangers are used in both day to day life and in industrial applications such as thermal power 

plant, chemical plant, HVAC, automobiles as radiators. Most of the heat exchangers design depends 

upon the requirement and space. Depending on the exchanger design methodology, there are a set of 

geometrical parameters that need to be specified before the start of design.  Hence proficient design of 

heat exchanger is always needed one of them is spiral tube heat exchanger. The present design 

procedure is different from that of the design procedure of tubular heat exchanger. Archimedean 

principle of spiral geometry is used while designing the spiral coils for spiral tube heat exchanger. The 

design of the heat exchanger consists of the specification of the geometry (cross sectional area and 

length) that transfers the required heat load within the limitations of allowable pressure drop.     
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Nomenclature 

List of symbols 

d - Diameter of spiral tube [mm]            D- Diameter of Spiral [mm]   

Dis -Diameter of shell [mm]         Rh- Radius of header or Straight tube [mm]   

P- Pitch of Spiral[mm]                  Ls- Length of shell[mm]    

Lst- Length of header tube [mm]         a- Constant in equation of Spiral [mm]  

B- Bend allowances [mm]         Lo- Developed length of spiral [mm]   

LT - Total length of spiral tubes [mm]                      rn- Neutral axis correction radius [mm]  

k- Stretch factor or bend factor                      t- Thickness of tube [mm]   

n- Number of spiral              n1- Number of header tube    

Q- Heat transfer rate of fluid [W]         CP- Specific heat [KJ/kg k]   

Th1- Inlet temperature of hot fluid [ºC]                     Th2- Outlet temperature of hot fluid[ ºC] 

Tc1- Inlet temperature of cold fluid [ºC]                     Tc2- Outlet temperature of cold fluid [ºC] 

ΔP- Pressure drop [mm]                      U- Overall Heat transfer coefficient [W/m2K] 



Multidisciplinary International Research Journal of Gujarat Technological University   ISSN:2581-8880 
 
 

VOLUME 2 ISSUE 2 JULY 2020 18 

 

h- Heat transfer coefficient [W/m2K]        As- Heat transfer surface area [m2]   

R- Capacity ratio          m- mass flow rate of fluid [kg/s] 

V- Velocity of fluid [m/s]                                  Rs- Thermal resistance of spiral tube 

Rst- Thermal resistance of header tube                        mnp- mass of nanoparticle [g] 

mbf – mass of base fluid [g]         θ- Temperature difference [⁰C] 

Qs- Discharge through shell [mm3/sec]                     Qt- Discharge through spiral tube [mm3/sec]  

De- Effective diameter of shell [mm]                                                

Subscripts 

h – hot fluid            c- cold fluid   bf – base fluid   max- maximum                        

o- outer            i-inner                   avg –average    s- shell     

Greek Symbols 

K - Thermal conductivity [W/m K]                                       ρ − Density [kg/m3]                        

μ − Dynamic viscosity [Pa s]                                                       υ − Kinematic viscosity [m2/s]                    

δ- Curvature ratio                                                                           ψ- angle of arc [rad]  

ΔθLMTD - Log mean temperature difference [⁰C]                            ε- Effectiveness of heat exchanger 

 

1 INTRODUCTION  

Spiral tube heat exchangers are excellent heat exchanger because of far compact and high heat 

transfer efficiency. Spiral tube heat exchangers consist of one or more spirally wound coils which are, 

in circular pattern, connected to header through which fluid is entering into the spiral coils. This spiral 

coil is installed in a shell, where another fluid is circulated around tube, leads to transfer of heat 

between the two fluids. 

Curved tubes has the ability to transfer large amounts of heat with less space and size hence, they 

have attracted considerable research attention. Many researchers have studied experimentally and 

numerically the performance of simple helical coils for heat transfer enhancement. Very few 

researchers have studied the effect of pitch and curvature ratio on the heat exchanger performance. 

Paper reviewed for this dissertation work are categorize under the helical and spiral tubes, then design 

of compact heat exchanges and application of Nano fluid for heat transfer augmentation.   

Nunez et al. [1] investigated the application of a graphical tool for the preliminary design of heat 

exchangers. The approach, originally developed for the case of shell and tube heat exchangers, later it 

is extended to the cases of spiral and welded compact exchangers. Their tool depicts the design space 

where a number of combinations of geometrical parameters meet the heat duty and allowable pressure 

drops. The enclosed area between three curves is a design space, a curve that represents the particular 

heat responsibility and the curves that represent the pressure drop on the hot and cold sides. This 

demonstration gives the designer the largely view that allows him to bring together design condition 

with the choice of the unit for a given appliance. 
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Patil et al. [2] they proposed the simple method for designing of helical coil heat exchanger (HCHE). 

This HCHE offers lot of advantages over double pipe heat exchanger. One of the important factors of 

using a helical coil heat exchanger is the space requirement in helical coil heat exchanger is less as 

compared to straight tube heat exchanger.   

Tandal et al. [4] they designed and fabricate the innovative Pancake type heat exchanger for process 

industry. Cold fluid flows in spiral path while hot fluid flows in axial path. Experimental results and 

theoretical values are compared by the parameter called overall heat transfer coefficient. An analytical 

model was developed for carrying out design simulations of the Pancake type heat exchanger. Total of 

eight pancakes are used in their heat exchanger. The results show the deviation between calculated 

values of overall heat transfer coefficient from the experimental results and theoretical values 

obtained from the analytical model are within 12%.  

Bhavsar et al. [5] they streamline the design procedure for the spiral tube heat exchanger, as the 

standard design procedure is not available and the information for designing the spiral tube heat 

exchanger is in the scatter form. Afterwards they have fabricated the spiral tube heat exchanger and 

carry our experimentation and measure the performance of the spiral tube heat exchanger. Their 

results show that spiral tube heat exchanger is compact in size and more heat transfer is occurred as 

compared to shell and tube heat exchanger. 

From the literature reviewed for this work it is found that very little information is available on design 

of spiral tube heat exchangers that too is limited for both fluids flowing in spiral paths. The design 

procedure for spiral tube heat exchanger is in scattered form and no specific procedure is available for 

designing the spiral tube heat exchangers. Therefore, the present research work is carried out for 

establishing the design procedure of the different compact spiral tube heat exchangers.   

 

1.1 Assumption in Design of Spiral Tube Heat Exchanger  

1. Properties of cold water and hot water are considered as constant, at an average value of inlet and 

outlet temperature with little loss in accuracy.  

2. Flow through heat exchanger is fully developed, steady and constant.  

3. Fluid stream experiences little or no change in their velocities and elevations hence the Kinetic 

Energy and Potential energy changes are negligible.  

4. Outer surface of heat exchanger is assumed to be perfectly insulated.  

5. There is no fouling in heat exchanger.  

 

2 DESIGNING OF SPIRAL TUBE HEAT EXCHANGER 

2.1 Design of Shell  

There is no standard method available for calculating the various design parameters of the 

spiral tube heat exchanger, such as shell inside diameter, length of shell, curvature ratio, developed 

length of spiral tube and total length of spiral tubes. Therefore, the methodology followed by different 
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researcher studied in literature review is used for the determination of these parameters. Following 

data shown in Table 1 is considered for calculating the shell parameters. 

 

Table: 1 Design Parameter for Spiral coil 

Parameters Dimensions 

O.D. of copper tube, mm (do)                             12  

I.D. of copper tube, mm (di)                                     10  

Number of Spiral coils (n)       3 

Number of Turns                      4 

Spiral Pitch, mm (P)                               20  

I.D. of Spiral, mm (Di)                           114.02  

O.D. of Straight tube, mm (dho)                   27  

I.D. of Straight tube, mm  (dhi)                 25  

2.2 Inside Diameter of Shell (Dis)  

Inside diameter of shell is calculated as, 

                                    Dis = 2 (R0 + Rh0)                                          (Eqn. 1)           

                                    R0 =  Ri +  3P                                                  (Eqn. 2) 

2.3 Length of Shell (Ls)  

Length of shell required for the heat exchanger is calculated as, 

                                                Ls =
R0

2− Ri
2

a
                                                                       (Eqn. 3) 

                                                a = P 
π

2
                                                                             (Eqn. 4) 

2.4 Curvature ratio (δ)     

Curvature ratio is the ratio of tube diameter to the diameter of spiral is calculated as, 

                                                       δ =
di

Di
                                                                        (Eqn. 5) 

2.5 Developed Length of Spiral Coil (L0)  

Length of the spiral coil used in spiral tube heat exchanger is calculated as, 

                         L0 =  B1 + B2 + B3 + B4 + B5 + B6 + B7                              (Eqn. 6) 

or 

L0 =  L1 + L2 + L3 + L4 + L5 + L6 + L7 

                                        B =   rn ψ                                                                                 (Eqn. 7) 

                          rn  =   ( Ri   +  k t )                                                                  (Eqn. 8) 

                                                k =  
1

3
     if Ri  ≪ 2 t                                                          (Eqn. 9) 

In case of Copper                   k =
1

2
       if Ri   > 2 𝑡                                                        (Eqn. 10) 
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2.6 Total length of Copper Tubes in Heat Exchanger (LT)  

The total length of copper tubes required in the heat exchanger is calculated as, 

                                      LT =  n L0                                                                        (Eqn. 11) 

 

Table: 2 Design Parameter for Spiral Tube Heat Exchanger 

Parameter  
 

Tube Side Shell Side 
 

Inner temperature °C  35 70 

Outlet temperature °C 43.3 65 

Mass flow rate Kg/s 0.05  0.0833  

Density kg/m3 989.1  979.4  

Specific heat KJ/kg K 4.18  4.18  

Dynamic viscosity Ns/m2 5.77 ×10-4  4.2 × 10-4  

All the properties of density, specific heat, viscosity, and thermal conductivity of hot water 

considered for the shell side calculations are obtained at the average of hot inlet and outlet 

temperature as Th,avg. 

                                                    Th,avg =  
Th1+ Th2

2
                                         (Eqn. 12) 

Similarly, all the properties of density, specific heat, viscosity, and thermal conductivity of 

cold water considered for the tube side calculations are obtained at the average of cold inlet and outlet 

temperature as Tc,avg . 

                                          Tc,avg =  
Tc1+ Tc2

2
                                        (Eqn. 13) 

2.7 Energy Balance  

The amount of heat transfer rate or heat potential is calculated by using following energy balance 

equations, 

                                                    Qh =  Qc                                                     (Eqn. 14) 

                         mh Cph (Th1 − Th2)  =  mc Cpc (Tc2 −  Tc1)                        (Eqn. 15) 

For all the further calculation average of hot and cold heat transfer rate is taken,  

                                       Qavg =  
Qc + Qh

2
                                             (Eqn. 16) 

Heat transfer rate is also calculated from Newton’s law of cooling as,  

                                                  Q = U As (∆θ(LMTD))                                   (Eqn. 17) 

As is the outer surface area of heat exchanger in m2 

                                                   As = n π d0Lo                                              (Eqn. 18) 

Flow arrangement selected is counter flow and accordingly LMTD is calculated as,  

                                                ∆θ(LMTD) =  
(θ2− θ1)

ln 
(θ2)

(θ1)

                                       (Eqn. 19) 

                                            θ2 =  (Th2 −  Tc1)                                              (Eqn. 20) 
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                                            θ1 =  (Th1 − Tc2)                                               (Eqn. 21) 

2.8 Effectiveness of Heat Exchanger  

Effectiveness of heat exchanger is calculated as, 

                                             ϵ =
Qavg

Qmax
                                                             (Eqn. 22) 

                                    Qmax = (mCP)min( Th1 − Tc1)                                  (Eqn. 23) 

2.9 Number of Transfer Units of Heat Exchanger  

Number of Transfer Units for counter flow is the measure of effectiveness of heat exchanger, which is 

calculated as, 

                                                     NTU =  
1

R−1
ln (

R−1

R ∈ −1
)                              (Eqn. 24) 

                                                      R =  
Cmin

Cmax
                                                   (Eqn. 25) 

                                                      NTU =
U As

Cmin
                                                (Eqn. 26)  

2.10 Reynolds Number (Re) of Tube Fluid  

Reynolds number for cold side i.e. the fluid flowing in the spiral tube is calculated as follows, 

                                                            Rec =  
ρc Vc di

μc
                                              (Eqn. 27)     

Velocity (V) of fluid flowing through the spiral coil is calculated as, 

                                                    Qt = Ai Vc =  
π

4
di

2 Vc                                 (Eqn. 28) 

2.11 Nusselt Number (Nu) of Tube Fluid  

Using Kalb and Seader Correlation for determining the Nusselt number for the flow in the spiral 

tubes, 

                                                     Nuc = 0.836  De0.5  Prc
0.1                        (Eqn. 29)   

                                                    De = Rec √
ri

Ri
                                              (Eqn. 30) 

                                                 Prc =  
μc CPc

Kc
                                                  (Eqn. 31) 

2.12 Heat Transfer Coefficient of Inner Tube Fluid  

Heat transfer coefficient on cold side i.e. inside of spiral tube is calculated as, 

                                                   hc =  
Nuc Kc

di
                                                   (Eqn. 32)                 

2.13 Reynolds Number (Re) of Shell Fluid  

Reynolds number for shell side i.e. the fluid flowing in the shell is calculated as follows, 

                                                 Reh =  
ρh Vh De

μh
                                                (Eqn.33) 

Effective diameter or hydraulic diameter of shell in calculated as; 

                                                  De =  Dis −  2 (dho) −  8 (do)                      (Eqn.34)          

Velocity of fluid flowing through the shell is calculated as, 

                                                   Qs = Ae Vh =  
π

4
De

2 Vh                               (Eqn. 35) 
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2.14 Nusselt Number (Nu) of Shell Fluid  

Nusselt number for flow in shell side is calculated by the Correlation used in literature, 

                                                  Nuh = 0.04  Reh
0.8 Prh

0.4                             (Eqn.36) 

                                                 Prh =  
μh CPh

Kh
                                                  (Eqn. 37) 

2.15 Heat Transfer Coefficient of Shell Fluid  

Heat transfer on shell side i.e. at the outside of spiral coil is calculated as, 

                                                  hh =  
Nuh  Kh

d0
                                                  (Eqn. 38) 

2.16 Overall Heat Transfer Coefficient  

It depends upon on the inside heat transfer coefficient of tube and outside heat transfer coefficient of 

heat exchanger is calculated as, 

                                           
1

U0
=  

1

Asi  hc
+  R +  

1

hh  Aso
                                    (Eqn. 39) 

                                           
1

R
=

1

Rs1
+

1

Rs2
+

1

Rs3
+

1

Rst1
+

1

Rst2
                          (Eqn. 40) 

Total outer heat transfer surface area is calculated as,  

                                    Aso = (n π d0 L0) + (n1 π dho Lst)                           (Eqn. 41) 

Total inside heat transfer surface area is calculated as,  

                                   Asi = (n π di L0) + (n1 π dhiLst)                              (Eqn. 42) 

Ls is the length of straight tube, n1 is straight header tube = 2 

                                   Rs1 =  Rs2 =  Rs3 =
(d0− di)

2 π K Lo  ln(
d0
di

)
                              (Eqn. 43) 

                                     Rst1 =  Rst2 =
(dh0− dhi)

2 π K Lst  ln(
dh0
dhi

)
                                   (Eqn. 44) 

Hence by adopting above design procedure two spiral tube heat exchanger with specifications shown 

in the table 3 were designed and compared.  

Table: 3 Dimensions of Spiral Tube Heat Exchangers 

Parameters 
Spiral Tube Types 

Type – A Type - B 

O.D. of copper tube (mm) 12 12 

I.D. of copper tube (mm) 10 10 

Number of Spiral coils 3 3 

Number of Turns 4 4 

Spiral Pitch (mm) 25 20 

Curvature Ratio 0.1136 0.0877 

I.D. of Spiral (mm) 88.5 114.02 

O.D. of Spiral (mm) 238.5 234.02 
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I.D. of Shell (mm) 278 278 

O.D. of Shell (mm) 280 280 

Length of Shell (mm) 270 270 

Thickness of Shell (mm) 1 1 

O.D. of Straight tube (mm) 27 27 

I.D. of Straight tube (mm) 25 25 

Total length of Copper Tube (mm) 5880 5880 

Material of Shell S.S. S.S. 

 

Fig. 1 and 2 shows the schematic drawing of spiral coils in the Auto Cad software, after calculating 

the above-mentioned parameters. 

               Fig1: Spiral Tube Type A      Fig2: Spiral Tube Type B 

                      

Fig. 3 and 4 shows the photographic image of spiral coils fabricated with the same dimensions 

obtained by design calculation.  

 

Fig.3 Photographic Image of Spiral Coils Type A 

 

Spiral coils are ready for further joining with the straight header tube. 

Fig.4 Photographic Image of Spiral Coils Type B 
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Following data shown in Table 2 is adopted for further calculation of STHE, 

Based on above theory and design calculations of STHE, experimental set up is developed 

and fabricated. The experimental results clearly states that the high curvature ration and high spiral 

pitch heat exchanger generates more secondary turbulent flow which is responsible for high heat 

transfer in the same space. Hence while designing of spiral tube heat exchanger the important 

parameters are curvature ratio and spiral pitch.  

 

3 CONCLUSION 

This paper is an attempt to unite the design procedure for spiral tube heat exchanger by 

incorporating the mathematical formulas. This leads to the formulation of systematic procedure for 

designing of heat exchanger. This design method of heat exchanger can be used for designing the 

similar kind of compact heat exchanger. The main parameters that are to be taken care while 

designing of heat exchangers is curvature ratio and spiral pitch.         
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