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Abstract— A heat exchanger is a device which is designed to 

exchange heat efficiently from one medium to another. The basic 

component of a heat exchanger can be viewed as a type which 

consists of one fluid running through it and another fluid flowing 

by on the outside. There are three heat transfer operations that 

need to be described: 
 

• Convective heat transfer from fluid to the inner wall of 

the tube. 
 

• Conductive heat transfer through the tube wall. 
 

• Convective heat transfer from the outer tube wall to 

outside fluid. 
 

Heat exchanger are classified according to type of construction 

and flow arrangement. 
 

They are 
 

I. Concentric tube type 

 

II. Shell and tube type 
 

III. Cross flow type 
 

Tube banks are widely employed in cross flow heat exchangers, 

which are used in numerous services and industrial applications. 

Transfer of heat inflow across a bank of tubes is of a particular 

importance in design of heat exchangers. Analytical studies were 

performed to investigate the transfer of heat in cross flow tube 

banks under isothermal boundary condition. 
 

Keywords— Analytical Study, Banks Heat Exchanger, 

exchange heat efficiently. 

I. INTRODUCTION 

A tube bank is a type of heat exchanger, a device that is 

designed as per need to allow fluids or gases to heat or cool. 

This heat exchanger design is very popular around the world 

and is employed in wide variety of locations. For various 

applications, numerous manufacturers produce tube banks for 

various applications and it is also possible to design a custom 

device and install for a specific setting or application with 

special requirement.The tube bank consists of an arrangement 

of tubes that are bathed in a fluid. Depending on desired effect, 

materials that regulates through tubes can be heated by the 

fluid as it radiates or can be cooled by fluid as it absorbs the 

heat. The efficiency of device varies according to number of 

tubes present and the size of tube bank. 

Air conditioning, Refrigeration system and Radiators all 

use heat exchanger, all these can adapt tube banks. Tube banks 

are also used in industrial applications like chemical plants to 

heat or cool the materials for processing. Home heating 

systems rely on tube banks design and they can be adapted in 

solar water heating systems and many other settings. 

Efficiency of heat exchanger is determined by the size of 

tubes. Small tubes are more efficient as there is less material to 

cool or heat. The materials used to make the tubes can vary, 

depending on materials being carried and setting. To operate 

the tube bank safety and successfully, it may be necessary to 

use non-corrosive, heat resistant materials or other specified 

materials. Over time, the lining of tubes can become clogged or 

foulded with materials that pass through. To operate properly; 

these devices used to be serviceable or clean them on regular 

basis. It may also be periodically necessary to replace tubes, 

depending upon the type of material being transported. It is 

especially important to make sure device is regularly checked 

for early sign of leaks. 

II. PROBLEM IDENTIFICATION 

A. Problem Identification 

The present study deals with the investigation of heat 
transfer from tube banks in cross flow under isothermal 
boundary condition. For the calculation of average heat transfer 
from the tubes of a bank, wide range of parameters including 
longitudinal and transverse pitch, Reynolds number and 

Prandtl number (≥0.71 ) 

B. Assumptions 

The following assumptions are made in present work: 

1. The flow is steady. 

2. The flow is laminar. 

3. The flow is fully developed. 

4. Flow is two-dimensional. 

5. The models for inline and staggered arrangement are 

applicable for use over a wide range of parameters when 

determining heat transfer from tube banks. 

III. GOVERNING EQUATION 

Energy integral equation for isothermal boundary 

condition 

.u.dɳ = -α .∂T/∂ɳ │ɳ=0 .(1) 
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Temperature Distribution 

 = A+ B.ɳT+ C.ɳT +D.ɳT 

Using Isothermal Boundary Conditions presented by 

W.A.Khan, 

Where A=1,B=-3/2,C=0,D=1/2 

Since,ζ=δT/δH  , Putting δT=ζ .δH 

    w- Ta). (1-3/2.s/(ζ.δH)+ 1/2 

.s3/(ζ3.δH  )][(2 s/δH–2s /δH  + s /δH  )+ (s/δH - 

3s2/δH    + 3s /δH  - s /δH  )].U(s) 

 [(Tw-Ta ).1/2.ζ3δ  3.(2ζ3δ 3 - 

So, the temperature profile for Isothermal Pin will be 
H H 

 
3s.ζ2.δ  2+s3)].[1/δ  4(2s.δ  3-2s3δ  +S4)+ (s.δ 3- 

= 1- 3/2.ɳT + 1/2. ɳ 3 
H H H H H 

3s2.δ  2+3s3.δ -s4)].U(s) 
H H 

By Rearranging 
 [(Tw-Ta).1/2.ζ3δ  7.(2ζ3δ 3- 

(T-T ) = (T  -T ) * (1- 3/2ɳ  + 1/2.ɳ 3) 
H H 

a w a T T 

Let ɳT= S/δT 

3sζ2δH  +s )].[(2s.δH  -2s .δH+s )+  (s.δH  - 

3s2δ  2+3s3.δ -s4)].U(s) 

(T-Ta) = (Tw-Ta) * (1- 3/2.S/δT  + 1/2.S3/δ 3)  . (2) 
H H 

 

Velocity Distribution 

= a.ɳH+ b.ɳH  +c.ɳH +d.ɳH 

 
Applying hydrodynamic boundary conditions 

    .(Tw-Ta)/2.ζ3.δH  [{4sζ δH - 

4s3ζ3δH +2s ζ δH -6s ζ δH +6s ζ δH - 

3s5ζ2δH  +2s δH  -2s δH+s }+λ/6{2sζ δH   - 

6s2ζ3δH  +6s ζ δH  -2s ζ δH  -3s ζ δH  +9s ζ δH     - 
9s4ζ2δ  3-3s5ζ2δ  2+s4δ  3-3s5δ  2+3s6δ -s7}].U(s)ds 

a=2+λ/6 ,b=-λ/2 ,c=-2+λ/2 ,d=1-λ/6 

So, the velocity profile inside the boundary layer will be 

 = {(2ɳH- 2ɳH  +ɳH )} 

Let ɳH = s/δH 

H H H H H 

 

After integrating, we get 

    .U(s).(Tw-Ta)/2.ζ3.δH .[{2s ζ δH -2s ζ δH - 

s4ζ3δH  +  s ζ δH  +  s ζ δH  -  s ζ δH  +  s δH   - 

s7δH+s8/8}+λ/6{s2ζ3δ  6-2s3ζ3δ  5+  s4ζ3δ 4- 

dɳH  = ds/δH 

H H H 

 
s5ζ3δ  3-s3ζ2δ  5+  s4ζ2δ  4-  s5ζ2δ 3- 

= [(2s/δH – 2s3/δ  3 + s4/δ  4) + λ/6(s/δH – 3s2/δ  2 + 
H H H H 

H H H s6ζ2δ  2+ s5δ  3-  s6δ  2 + s7δ  - s8/8}]  ζ.Δh 

3s3/δ 3 + s4/δ  4 )] H H H H o 

H H 

u = [(2s/δH – 2s3/δ  3 + s4/δ  4) + λ/6(s/δH – 3s2/δ  2  +  .U(s).(Tw-Ta)/2.ζ3.δH  .[(2ζ δH   - 
H H H 

3s3/δ  3  + s4/δ  4  )].U(s) .(3) 
ζ δ  8+   ζ7δ 8)+λ/6( ζ5δ 8 -   ζ6δ  8+   ζ7δ 8 

Now, Putting the values of u and (T-Ta) in (1) 

Therefore equation (1) becomes, 

 

Taking L.H.S, 
 

Tw-Ta). (1-3/2.s/δT+1/2.s3/δT )][(2s/δH– 

2s3/δH  +s /δH  (s/δH - 3s /δH + 3s /δH - 

s4/δH )]U(s) 

H H H H H 

 

- ζ8δ 8)] 

 
 .U(s).(Tw-Ta)/2.[ζ5δH    - ζ ζ (  - ζ 

+  ζ2  - ζ3)}] 

Since ζ<1,therefore higher order terms can be neglected 
 

 .U(S).(Tw-Ta)/2.ζ2[(   +  (   -   ζ )] 
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0.091 0.053 

 

   d/ds.U(S)/2.ζ.(Tw-Ta).[ζ(2/5 +λ/30)] 

 d/ds.U(S)/2 .ζ.(Tw-Ta).[ζ((λ+12)/30)] 

Taking R.H.S, 

For δT/δη, 

   (T-Ta)/(Tw-Ta)= 1-3/2ηT+1/2η3T 

   (T-Ta)=(Tw-Ta).(1-3/2 ηT+1/2ηT3) 

Differentiating both side 

 

+ 

 

- Sinh(π 

 

 

 

For staggered arrangement, 

 

 

 

 

 

 
 

.(7) 

δT/δη = (Tw –Ta).(3/2ηT - 3/2) 

δT/δη = (Tw –Ta).3/2.(η 2-1) 

Therefore, the equation becomes 

d/ds.U(s).[(λ+12)/30].ζ2= -α.3.(η 2 – 1) 

0≤ηT  = η/δT≤ 1 

ΔT.d/ds.[U(s).δT.ζ.(λ+12)=90α 

.(4) 

Where U(s) is the potential flow velocity outside the 

boundary layer, and λ is the pressure gradient parameter 

given by; 

λ = δ2/ν. dU(s)/ds 

By using complex variable theory, the potential flow 

velocity outside the boundary layer obtained was 

U (s)=Umax .f(0) 

.(5) 

Where 

f(θ)=sin θ – 2sin2(π/2a) 

X    + sinθ) 

X 
 

.(6) 

For an inline arrangement and 

f(θ)=sinθ – )X{ 

 

–sinh( X 

Using the definition of local and then average heat 

transfer coefficients C1 to obtain expressions of 

longitudinal and transverse pitch ratios for both inline 

and staggered arrangements. 

C1={(0.25+ exp(-0.55δL)}δT0.285 δL0.212 
( for inline arrangement) 

C1=((0.61δT 0.091   δL 0.053)/(1-2exp(-1.09δL)) 

(for staggered arrangement) 

.(8) 

Above relation is valid for 1.05≤δL≤3 and 1.05 ≤ δT ≤3 

The dimensionless heat transfer coefficient in terms of 

C1, ReD, and Pr numbers can be written as 

NuD=hD/kf=C1.ReD1/2.Pr1/3 

.(9) 

From (8) and (9), the present work proposes new 

equation for C1 as, 

For Compact tube bank 

C1  = 0.78x δL x δT /{1- exp(-1.09δL)} 

For Wide tube bank 

C1  = 0.625 x δL x δT /{1- 2exp(-1.09δL)} 

4. RESULTS & DISCUSSION 
Results obtained by solving the above equations 
requires certain values which are available in the table 
4.1.In the present analysis tube banks are considered 
both compact and wide for both staggered and inline 
arrangements. Tube banks with δT x δL≤  1.25 x 1.25 
are considered compact and δT x δL ≤  2 x 2 are 
considered to be widely spaced. 
In such cases are assumed to be steady state 

conditions , with negligible radiation effects, and 
negligible effect of change in air temperature on air 
properties.Then the following given data is used to 
calculate air-side convection coefficient. 
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Table 4.1 - Data used by Incropera and DeWitt (31) for 
staggered tube bank 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4.2 - Comparison of results for compact tube 
bank (1.25×1.25) 

 
 
 
 
 

Table 4.3 Comparison of results for wide tube bank (2.1 
× 2.1) 

 
 
 
 
 

Table 4.2 and 4.3 are very important to understand the 
reason behind the variation of data at the given 
condition. By looking to the table, we observe increase 
in heat transfer coefficient with the increase in 
temperature in case of compact tube banks whereas in 
the case of wide tube banks we observe decrease in 
heat transfer coefficient with increase in temperature. 
These data are also used to solve the eq. 8 & 9 to find 
the value of C1 for various arrangements. 

 
From New C1 Relation, 

1) Uapp=5m/s 
Table 4.4 Staggered arrangement for compact tube 
bank for Uapp=5m/s 

 

 
 

The Results in Table 4.4 shows the increase in the 
values of Maximum velocity, Nusselt number and avg. 
heat transfer coefficient with decrease in the size of the 
arrangement. 

2) Uapp=6m/s 
Table 4.5 Staggered arrangement for compact tube 
bank for Uapp =6m/s 

 
 

The Results in Table 4.5 shows the increase in the 
values of Maximum velocity, Nusselt number and avg. 
heat transfer coefficient with decrease in the size of the 
arrangement. 

3) Uapp=7m/s 
Table 4.6 Staggered arrangement for compact tube 
bank for Uapp=7m/s 

 
 

The Results in Table 4.6 shows the increase in the 
values of Maximum velocity, Nusselt number and avg. 
heat transfer coefficient with decrease in the size of the 
arrangement. 

 
 
 
 

1) Uapp=5m/s 
Table 4.7 Staggered Arrangement for Wide Tube bank 
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The Results in Table 4.7 shows the decrease in the 
values of Maximum velocity, Nusselt number and avg. 
heat transfer coefficient with increase in the size of the 
arrangement. 

 

2) Uapp=6m/s 
Table 4.8 Staggered Arrangement for Wide Tube bank 

 
 
 
 
 
 
 
 

The Results in Table 4.8 shows the decrease in the 
values of Maximum velocity, Nusselt number and avg. 
heat transfer coefficient with increase in the size of the 
arrangement. 

 

3) Uapp=7m/s 
Table 4.9 Staggered Arrangement for Wide Tube bank 

 
The Results in Table 4.9 shows the decrease in the 
values of Maximum velocity, Nusselt number and avg. 
heat transfer coefficient with increase in the size of the 
arrangement 

 
1) Uapp=5m/s 
Table 4.10 Inline arrangement for compact tube bank 
for Uapp=5m/s 

The Results in Table 4.10 shows the increase in the values 

of Maximum velocity, Nusselt number and avg. heat transfer 

coefficient with decrease in the size of the arrangement. 

 

2) Uapp=6m/s 

Table 4.11 Inline arrangement for compact tube bank for 

Uapp=6m/s 

 
The Results in Table 4.11 shows the increase in the values 

of Maximum velocity, Nusselt number and avg. heat transfer 

coefficient with decrease in the size of the arrangement. 

 

3) Uapp=7m/s 

Table 4.12 Inline arrangement for compact tube bank for 

Uapp=7m/s 

 
The Results in Table 4.12 shows the increase in the values 

of Maximum velocity, Nusselt number and avg. heat transfer 

coefficient with decrease in the size of the arrangement. 

 
1) Uapp=5m/s 

Table 4.13 Inline arrangement for wide tube bank for 

Uapp=5m/s 

 
The Results in Table 4.13 shows the decrease in the values 

of Maximum velocity, Nusselt number and avg. heat transfer 

coefficient with increase in the size of the arrangement. 

 

2) Uapp=6m/s 

Table 4.14 Inline arrangement for wide tube bank for 

Uapp=6m/s 
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The Results in Table 4.14 shows that decrease in the values 

of Maximum velocity, Nusselt number and avg. heat transfer 

coefficient with increase in the size of the arrangement. 

 

3) Uapp=7m/s 

Table 4.15 Inline arrangement for wide tube bank for 

Uapp=7m/s 

 

 

 

 

 

 

 
The Results in Table 4.15 shows the decrease in the values 

of Maximum velocity, Nusselt number and avg. heat transfer 

coefficient with increase in the size of the arrangement. 

 
Variation of Tw at Uapp= 5m/s 

Table 4.16 Compact tube bank for Uapp= 5m/s at Tw=70oC 

 

 

 

 

 

 

 
The Results in Table 4.16 shows that for compact tube bank 

which indicates increase in the values of total heat transfer with 

increase in total number of tubes in the arrangement. 

 

Table 4.17 Wide tube bank for Uapp=5m/s at Tw=70oC 

 
The Results in Table 4.17 shows that for wide tube bank 

which indicates increase in the values of total heat transfer with 

increase in total number of tubes in the arrangement. 

 

Table 4.18 Compact tube bank for Uapp=5m/s at Tw=100oC 

 
The Results in Table 4.18 shows that for compact tube bank 

which indicates increase in the values of total heat transfer with 

increase in total number of tubes in the arrangement. 

 

Table 4.19 Wide Tube bank for Uapp=5m/s at Tw=100oC 

 

 
The Results in Table 4.19 shows that for wide tube bank 

which indicates increase in the values of total heat transfer with 

increase in total number of tubes in the arrangement. 

Table 4.20Compact tube bank for Uapp= 5m/s at 

Tw=200oC 

 
The Results in Table 4.20 shows that for compact tube bank 

which indicates increase in the values of total heat transfer with 

increase in total number of tubes in the arrangement. 

 
Table 4.21 Wide tube bank for Uapp=5m/s at Tw=200oC 

 
 

The Results in Table 4.21 shows that for wide tube bank 

which indicates increase in the value of total heat transfer with 

increase in total number of tubes in the arrangement. 

 

Variation of Tw for Uapp = 6m/s 

Table 4.22 Compact tube bank for Uapp=6m/s at Tw=70oC 

 
The Results in Table 4.22 shows that for compact tube bank 

which indicates increase in the value of total heat transfer with 

increase in total number of tubes in the arrangement. 

 
Table 4.23Wide tube bank for Uapp=6m/s at Tw=70oC 

 
The Results in Table 4.23 shows that for wide tube bank 

which indicates increase in the value of total heat transfer with 

increase in total number of tubes in the arrangement. 

 

Table 4.24Compact tube bank for Uapp=6m/s at Tw=100oC 
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The Results in Table 4.24 shows that for compact tube bank 

which indicates increase in the value of total heat transfer with 

increase in total number of tubes in the arrangement. 

 
Table 4.25Wide tube bank for Uapp=6m/s at Tw=100oC 

 
The Results in Table 4.25 shows that for wide tube bank 

which indicates increase in the value of total heat transfer with 

increase in total number of tubes in the arrangement. 

 

Table 4.26Compact tube bank for Uapp=6m/s at Tw=200oC 

 

 

 

 

 

 
The Results in Table 4.26 shows that for compact tube bank 

which indicates increase in the value of total heat transfer with 

increase in total number of tubes in the arrangement. 

 

Table 4.27Wide tube bank for Uapp=6m/s at Tw=200oC 

 
The Results in Table 4.27 shows that for wide tube bank which 

indicates increase in the value of total heat transfer with 

increase in total number of tubes in the arrangement. 

 
Variation of Tw at Uapp= 7m/s 

Table 4.28Compact tube bank for Uapp=7m/s at Tw=70oC 

 
The Results in Table 4.28 shows that for compact tube bank 

which indicates increase in the value of total heat transfer with 

increase in total number of tubes in the arrangement. 

 

Table 4.29Wide tube bank for Uapp=7m/s at Tw=70oC 

The Results in Table 4.29 shows that for wide tube bank which 

indicates increase in the value of total heat transfer with 

increase in total number of tubes in the arrangement. 

 
Table 4.30Compact tube bank for Uapp=7m/s at Tw=100oC 

 
The Results in Table 4.30 shows that for compact tube bank 

which indicates increase in the value of total heat transfer with 

increase in total number of tubes in the arrangement. 

 

Table 4.31Wide tube bank for Uapp=7m/s at Tw=100oC 

 
The Results in Table 4.31 shows that for wide tube bank 

which indicates increase in the value of total heat transfer with 

increase in total number of tubes in the arrangement. 

 
Table 4.32Compact tube bank for Uapp=7m/s at 

Tw=200oC 

 
The Results in Table 4.32 shows that for compact tube bank 

which indicates increase in the value of total heat transfer with 

increase in total number of tubes in the arrangement. 

 
Table 4.33Wide tube bank for Uapp=7m/s at Tw=200oC 

 
The Results in Table 4.33 shows that for wide tube bank 

which indicates increase in the value of total heat transfer with 

increase in total number of tubes in the arrangement. 
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Table 4.34Variation of heat transfer parameter with 

transverse pitch for Inline Arrangement 

in compact tube bank and wide tube bank 

 
 

The Results in Table 4.34 shows that for Inline 

arrangement which indicates in increase of value of new C1 

for compact with decrease in size of the arrangement whereas 

decrease in value of new C1 for wide with increase in size of 

the arrangement. 

 
Table 4.35Variation of heat transfer parameter with 

transverse pitch for Staggered arrangement in compact tube 

bank and wide tube bak 

 
The Results in Table 4.35 shows that for Staggered 

arrangement which indicates in increase of value of new C1 

for compact with decrease in size of the arrangement whereas 

decrease in value of new C1 for wide with increase in size of 

the arrangement. 

 

Comparison of NuD and ReD for both arrangements of 

compact tube bank 

IV. STAGGGERED ARRANGEMENT 

Table 4.36 Comparison of NuD and ReD of compact tube 

bank for staggered 

 
The Results in Table 4.36 shows that for Staggered 

arrangement which indicates in increase in value of Nusselt 

number and Reynolds number with decrease in size of 

arrangement. 

 

V. INLINE ARRANGEMENT 

Table 4.37 Comparison of NuD and ReD of compact tube 

bank for inline 

 

 
 

The Results in Table 4.37 shows that for inline 

arrangement which indicates in increase in value of Nusselt 

number and Reynolds number with decrease in size of 

arrangement. 

 
Comparison of NuD andReD both arrangements of wide 

tube bank 

VI. STAGGERED ARRANGEMENT 

Table 4.38 Comparison of NuD and ReD of wide tube 

bank for staggered 

 
 

.The Results in Table 4.38 shows that for Staggered 

arrangement which indicates in decrease in value of Nusselt 

number and Reynolds number with increase in size of 

arrangement. 

VII. INLINE ARRANGEMENT 

Table 4.39 Comparison of NuD and ReDof wide tube bank  

for inline 

 
The Results in Table 4.39 shows that for Inline 

arrangement which indicates in decrease in value of Nusselt 

number and Reynolds number with increase in size of 

arrangement. 

 

 

 

 

 

Fig. 4.1 Variation of Tw=70˚C at Uapp= 5m/s 
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Fig. 4.1 shows the variation of Tw=70˚C , Uapp= 5m/s for 

various arrangements which indicates Compact tube banks has 

higher heat transfer rates than widely spaced ones. 

 

Fig. 4.2 Variation of Tw= 100˚C at Uapp= 5m/s 

 
 

Fig. 4.2 shows the variation of Tw=100˚C , Uapp= 5m/s for 

various arrangements which indicates Compact tube banks has 

higher heat transfer rates than widely spaced ones. 

 

Fig. 4.3 Variation of Tw=200˚C for Uapp = 5m/s 

 
Fig. 4.3 shows the variation of Tw=200˚C , Uapp= 5m/s for 

various arrangements which indicates Compact tube banks has 

higher heat transfer rates than widely spaced ones. 

 

Fig. 4.4 Variation of Tw=70˚C for Uapp = 6m/s 

 
Fig. 4.4 shows the variation of Tw=70˚C , Uapp= 5m/s for 

various arrangements which indicates Compact tube banks has 

higher heat transfer rates than widely spaced ones. 

 

Fig. 4.5 Variation of Tw=100˚C for Uapp = 6m/s 

 
Fig. 4.5 shows the variation of Tw=100˚C , Uapp= 6m/s for 

various arrangements which indicates Compact tube banks has 

higher heat transfer rates than widely spaced ones. 

 

Fig. 4.6 Variation of Tw=200˚C for Uapp = 6m/s 

 
Fig. 4.6 shows the variation of Tw=200˚C , Uapp= 6m/s for 

various arrangements which indicates Compact tube banks has 

higher heat transfer rates than widely spaced ones. 

 
 

Fig. 4.7 Variation of Tw=70˚C at Uapp= 7m/s 
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Fig. 4.7 shows the variation of Tw=70˚C , Uapp= 7m/s for 

various arrangements which indicates Compact tube banks has 

higher heat transfer rates than widely spaced ones. 

 
Fig. 4.8 Variation of Tw=100˚C at Uapp= 7m/s 

 
Fig. 4.8 shows the variation of Tw=100˚C , Uapp= 5m/s for 

various arrangements which indicates Compact tube banks has 

higher heat transfer rates than widely spaced ones. 

 
Fig. 4.9 Variation of Tw=200˚C at Uapp= 7m/s 

 
Fig. 4.9 shows the variation of Tw=200˚C , Uapp= 7m/s for 

various arrangements which indicates Compact tube banks has 

higher heat transfer rates than widely spaced ones 

 
Fig. 4.10 NuDVsReDFor inline arrangement. 

 
Fig.4.10 shows the values of Nusselt number and Reynolds 

number for various arrangements which indicates Nusselt 

number decreases but Reynolds number remains constant with 

increase in size of the arrangement. 

 

Fig. 4.11  C1 Vs New C1 

 
Fig.4.11 shows the values of C1 and new C1 for various 

arrangements which indicates New C1 decreases but C1 

remains constant with deccrease in size of the arrangement. 

CONCLUSIONS 

Heat transfer from tube banks in cross flow is investigated 

analytically and (compact & wide) simplified models of heat 

transfer for (inline and staggered) both arrangements are 

presented. The important conclusions can be summarized as 

follows: 

• The tubes may be arranged in in-line or staggered 

pattern, the total heat transfer rate from the tube bank depends 

upon average heat transfer coefficient, the inlet and outlet 

temperature, and the total heat transfer area . 

Q=h.A.ΔTlm 

Where A=NπDL, 

Therefore, Q=h.(NπDL).ΔTlm 
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• Both models (inline or staggered) can be applied 

among a wide range of parameters and are suitable in design of 

tube banks. 

• The average heat transfer coefficients (for tube banks 

in cross flow) depend on the longitudinal (δL) and transverse 

pitches (δT), Reynolds(ReD) and Prandtl number (Pr). 

• Compact banks (in-line or staggered) shows higher 

heat transfer rates as compared to widely spaced ones. 

• Heat transfer rates are higher for staggered 

arrangement as compared to inline arrangement. 

• New C1 equation has been formulated. 
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