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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

1 Concentric tube type
1. Shell and tube type
Il.  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 Banks Heat
exchange heat efficiently.

Study, Exchanger,

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.

Il. 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 issteady.

2. The flow islaminar.

3. The flow is fullydeveloped.

4.  Flow istwo-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.

I11. GOVERNING EQUATION

Energy integral equation for isothermal boundary
condition

d T
Euru (T—Ta)ludn=-a.0T/on |0 (1)

114 |Page


http://www.ijtra.com/
mailto:sandypsaha@gmail.com

International Journal of Technical Research and Applications e-ISSN: 2320-8163,
www.ijtra.com Volume 4, Issue 6 (Nov-Dec 2016), PP.114-124

Temperature Distribution

[T—Ta)
[Tw—Ta)

= A+ B.I‘LT+ C.I‘LT2+D.I'LT3

Using Isothermal Boundary Conditions presented by
W.A.Khan,

Where A=1,B=-3/2,C=0,D=1/2
So, the temperature profile for Isothermal Pin will be

[T-Ta) _ +
s =1-32nr+1/2. 1/

By Rearranging
(T-T)=(T -T)*(1-3/2n_+ 1/2.n %)
a w a T T
Let nr=S/67
(T-Ta) = (Tw-Ta) * (1- 3/2.S/57 + 1/2.5%5) . (2)

Velocity Distribution

—= anut bap+endd.
m: ) nH nH nH ILH

Applying hydrodynamic boundary conditions

a=2+\/6 ,b=-M2 ,c=-2+M\2 ,d=1-M/6

So, the velocity profile inside the boundary layer will be
B - . 34n 4

Tt {@np+- 2np*+n)}

Let nH= s/8n

dny = ds/8n

u = [(25/8n— 233/8H + Y5 4) + M6(S/n— 352/6 +
55% +55 *)]
u= [(ZS/BH 25315 3+ 58 4) + M6(s/on— 352/6 24
333/8 s +s4/6 )1'0G) (3

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

Therefore equation (1) becomes,

Taking L.H.S,

2 J3 T To). (L-372:805r+112.557Y] (2513w~
250y 4+ * 2 (5151 - 39 167+ Bs foE 3
s“/SH“)]U(s)%

Since,(=61/6n , Putting 61=C .on

> LT T). (132G 112

SUCHA[Q s/on-25Yn%+ s¥5u9+ g(s/st ;
35Y512 + 353/d1°- s4/5H4)].U(s)§
H

> o (BR[(TyTa). 1285 2.(28% °-
__,r ' H H

da” "o
3s.0%.8 2+sH)].[1/6 *(2s.8 3-25°5 +S%)+a(s.6 *-
H H H H - H
3525 243535 -54)].U(s) @
H H E

> CBH[(TyrTa). 12,8007 (2058-
@l
35C2512+8Y)].[(25.51>-253 ks )+ g(s.sH?’-
3528 2+3s%.8 -s%)].U(s) e=

H H E

P S (T T2C5E {4 B ®
45351425 Y 8 s & & +Bs (B4 - 3
350K +25"0n>-25 B+ 7}+k/6{25§ B o
68 33 5+6 Bnt2
s éZSH Sf’éz K ag(’ § +3568 sé}] U(s)ds

After integrating, we get

> S U (T Ta)/2.8 5B [{25% 1 25 € 6 -*
4g35H4+255g35H3+555§26H& %s €8y 4 % B 3-
zs78H+58/8}+k/6{s Q36 253§36 >+ s Q36 4.
2

23 C36 -S CZS 4ugt CZS 4-5g CZS 5.

4 5
13 5% 2+15°5 - $% 24975 - %8} A"
2 HE H 3 H & ©

> d U@S).(TwTa)/2.83.5ns.[(2(s0ms -
d
;gés 8+1C78 8)+7\./6(1§58 8 1C68 8+9 C788
35 £ 5 4 T H

- ECSSHS)]

> U T T2 [0 £ -8t 36 - X
=)

;C

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

Al 1

> U)W TG +26 -0
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» d/ds.U(S)/2.0.(Tw-Ta).[¢(2/5 +M/30)]
» d/ds.U(S)/2 .C.(Tw-Ta).[¢((A+12)/30)]
Taking R.H.S,

For 6T/an,

» (T-Ta)/(Tw-Ta)=1-3/2nT+1/2n3T
» (T-Ta)=(Tw-Ta).(1-3/2 nT+1/2nT3)
Differentiating both side

3T/om = (Tw —Ta).(3/2n7> 3/2)

8T/om = (Tw —Ta).3/2.(n#-1)
Therefore, the equation becomes
d/ds.U(s).[(A+12)/30].5%= -a.3.(nP— 1)
0<nr =1/dr< 1

AT.d/ds.[U(S).57.5.(2+12)=90a.
(4

Where U(s) is the potential flow velocity outside the
boundary layer, and A is the pressure gradient parameter
given by;

A = 82/v. 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(0)=sin 6 — 2sin’(n/2a)

leoskimfe zind)zind....] T
X [cosh(mia sinB)—cos finfacosd)y ) * rzsme)

gink flmnfasindlainb+oosfainimfa coaf 1
[ecahinfa sinf)—cos(nfa cosb] |23

X
(6)
For an inline arrangement and

(eosk(maind 2 )zind)
[cogh(maind 2] —cos (m:-usﬁlj

(6)=sind — -)X{

=ing

] ing. S0 sinf+anlreosd ) 2a ool
7smh(ﬂ3m :IX h[[:: Jn:smﬂJ m:'u.sﬂj]z

zind —zh.J ,
cogH n=———"|sind
+ 2

l:n:ugh[ =iid —th_EDE( msﬂ—znj

2 2

- Sinh(z
Finb—2h mnh[ﬂSLﬂﬂ Zhjstnﬂ+mn(ﬂ$Jcmﬂ
In [EDELhI: smgnzhj_cm{ ca.iﬂﬁ—zaj]z
(7)

For staggered arrangement,

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(-0.558L)}6T0.285 5L0.212
(for inline arrangement)

(for staggered arrangement)

.(8)
Above relation is valid for 1.05<3L.<3 and 1.05 < 8T <3

The dimensionless heat transfer coefficient in terms of
C1, ReD, and Pr numbers can be written as

NuD=hD/kf=C;.ReD'?.Pr*?®
.(9)

From (8) and (9), the present work proposes new
equation for C1 as,

For Compact tube bank

C1 =0.78x 5.°% x §:°%%/{1- exp(-1.095.)}

For Wide tube bank

C1 = 0.625x 5 %% x 57:°%2 /{1- 2exp(-1.095.)}

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 § Tx § LS 1.25x1.25
are considered compactand § Tx L 2x2are
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 Arrangement & Umsz Nup b
staggered tube bank 125%125 1276 25 188 53 290 84
— — - 124x124 1.304 2583 19570 301.90
Quantity Dimension
1.23x1.23 1.317 26.74 201.24 3105
Tube Diameter (mm) 16.4 T2Z=1.22 320 7Tz 06,76 315.96
Lnngitudinal pitCh (mm) 305 343 121121 1.347 28.81 213.64 32957
1.20=1.20 1.358 30 21879 339.06
Transverse pitch {mm) 205,313
Mumber of tubes (Staggered) 8x7 . . .
The Results in Table 4.4 shows the increase in the
Approach velocity (m/fs) 6 values of Maximum velocity, Nusselt number and avg.
Thermal conductvity of ar (Wim £ TEE] heat transfer coefficient with decrease in the size of the
_ _ arrangement.
Density of ar (kgim?) 1.217
2) Uapp=6m/s
specific heat of air (kg K) o7 Table 4.5 Staggered arrangement for compact tube
Kinematic viscosity (/s T4 52=10°¢ bank for Uapp =6m/s
Atrangetnent [ Umax Nup h
Frandtl number (Air) 0.701 T25x125 1276 30 706 52 31559
Zmbient temperature (0] 15 T24x1.24 1304 30.96 EEN] 33075
1.23%1.23 1.317 32.08 22042 340.04
Tube surface temperature (°C) T0
1.22x1.322 1.329 33.27 226.51 349.43
Length of tabe (L) 10%m Tilzl.21 1347 3457 73402 THL01
120=1.20 1.358 a6 24077 371 .43

Table 4.2 - Comparison of results for compact tube

bank (1.25x1.25)

The Results in Table 4.5 shows the increase in the

Nulr | h (Wm2ZK) T.CC) | (kW)
Incropera and Dewitt [31] 152.0 234.0 385 5.4
Present analy sis 194.1 3025 433 34.1

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

Table 4.3 Comparison of results for wide tube bank (2.1

x2.1)

NuD

h (W/m2K)

T. (C)

QW)

Incropera and Dewatt [31] 879

135.8

255

19.4

Arrangement

9}

Umaz

Nup

1.25=1.23

1.276

35

223.07

34412

124124

1.304

36.1é

23172

35748

1.23=1.23

1.317

3743

23810

367.31

Present analysis 38.3

136.2

26.9

19.2

l22=1.22

1.329

3881

244 64

37743

1ilz1.21

1.347

40.33

252778

358.96

1.20=1.20

1.358

42

260.06

401.19

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 4.6 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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Arrangement [ Umax Hug h

Zl=x2l 0.862 9.54 7557 121.36
22x22 0.85 916 76.02 117.27
d3xid 0.838 3.584 Ta62 113.57
24xi4 0.527 5.57 T1.54 110.36
¥ 0818 533 6976 107.61
26x28 0.810 8.125 68.22 105.24

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

Arrangement C Umax Huyg, h

dl=xil 0.562 11.45 86.19 132.96
FEEYN 0.55 11 8330 128.50
2.3x13 0.838 10.61 80.86 124.34
24xi4 0.527 10.288 7858 120.80
¥ 0818 10 76.44 11792
dbxih 0.510 275 7473 115.30

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

Arrangement C1 Utnax Mup h

21x21 0.870 13.36 93.38 144.08
il 0.85 12.83 §9.96 138.78
2323 0.838 12.38 87.12 134.41
24x24 0.827 12 84.68 130.63
2525 0818 11.66 §2.54 127.33
26x26 0.310 11.375 80.72 124.52

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

Arrangement C, Urnaz Mup h

125%1.25 1.076 3000 17415 26825
1.24x1.24 1.075 ji.oo 176.87 272,85
123=1.23 1.074 5208 17975 277.30
1.22=x1.22 1.073 33.27 132.69 282.14
121=xl.21 1.072 3457 186.25 287.32
120=1.20 1.070 36.00 18971 292 66

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

Atrangement o} Urmax Mug h
1.25x1.25 1.076 35 188.11 290.1%
1.24%1.24 1075 36.16 131.02 294 68
1.23=1.23 1.074 3743 13416 29952
1.22x1.22 1.073 38.81 197,53 304.72
1.21x1.21 1.072 40.33 20117 310.34
1.20=1.20 1.070 42.00 204.91 316.11

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

Arrangetnent C1 Umax Nup h

FRE¥N] 0863 9.54 7876 121.50
22xi2 0.858 .14 KRy 118.08
23x23 0853 a.84 74.94 115.60
24x24 0.848 857 73.35 113.15
ER ] 0843 833 71.89 11080
R 0838 a1z 70.58 10988

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

=bom,
Arrangement C Urnax Nug h Uapp 6 /S
Arrangement [= Umax Nug, h

1253125 1.076 Z3.00 158.98 245.25 2.1=x21 0.863 11.45 B6.29 133.12
1.24=x1.24 1.075 2583 161.44 248.05 N U558 1100 3409 12072
1.23=21.23 1.074 26.74 164.94 25316 7323 0553 1061 32.10 12665
1i2=x1.22 1.073 2772 166,94 25753 24x24 0.848 10.28 30.37 123.9%
T21=1.21 1072 7381 170.03 76230 Z5225 0343 106,00 7877 12151
1.20=1.20 1.070 30.00 173.18 267.16 26x28 0838 273 7132 119.28
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The Results in Table 4.14 shows that decrease in the values Aangement Hr T 4T Total heat transfer
of Maximum velocity, Nusselt number and avg. heat transfer 5xd 3 7562 GEE 1120
coefficient with increase in the size of the arrangement. £ ; 75,09 ] 18 30
8x7 8 32765 7591 29.81
3)Uapp=7m/s ] 3 4575 I 38 7785
Table 4.15 Inline arrangement for wide tube bank for 5 T T =R 550
Uapp=7m/s
Arangemen 5 T T B The Results in Table 4.19 shows that for wide tube bank
REEE T T 70 EERY which indicates increase in the values of total heat transfer with
S B - — — increase in total number of tubes in the arrangement.
S —_— — T — Table 4.20Compact tube bank for Uapp= 5m/s at
24xi4 0.848 10.28 5037 12598 TW:2000C
Arrangement Tp To ATm Taotal heat transfer
I5KL5 0843 10.00 7877 12151 T 3 =13 4649 7558
IExZE 0538 ENE 7732 119 28 Fus 3 047 15735 AT
The Results in Table 4.15 shows the decrease in the values | ** : . 1 e
of Maximum velocity, Nusselt number and avg. heat transfer | ™ ’ e nre o
coefficient with increase in the size of the arrangement. 1 v’ 1290 e 1oz

Variation of Tw at Uapp= 5m/s
Table 4.16 Compact tube bank for Uapp= 5m/s at Tw=700C

Arrangement M Ta AT Total heat transfer
Sud 5 36.56 43.33 13.50
(5 [ 40.42 38.45 17.97
8x7 8 46.90 36.80 32.10
9=8 ] 49,59 34.90 3914
10x% 10 52.015 33.137 46.45

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=700C

Arrangement Nt T, AT Total heat transfer
Sxd 5 21.875 51.69 725

[35] [ 2347 50072 10.67

%7 5 26.5 49.14 19.30

%8 9 27.925 48.22 2433

10x=8 1o 283 47.50 29.88

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=1000C

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=2000C

Arrangement T T AT Total heat transfer
5z4 5 38.12 17383 24.38

%] [ 44.60 170.11 3579

[ H 53.66 16523 64.89

9=x8 9 5847 162,82 82.22

10=% 10 63.10 15980 100.587

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=700C

Arrangement Mt T AT Tatal heat transfer
Sxd 5 33.64 45.03 14.03
x5 ] 3722 42.73 19.97
8x7 8 43.54 38.99 34.01
9x§ 9 4596 37.39 41.93
109 10 48.33 35.80 50.19

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.

Arrangement My AT Taotal heat transfer
S5xz4 5 48,15 67.105 20.90 R
— - o — = Table 4.23Wide tube bank for Uapp=6m/s at Tw=700C
Arrangement MNr Ta AT Total heat transfer
Bx7 g 64,30 56.83 48,57
725 T 55353 =57 AN x4 5 20083 52.05 7.30
0% 10 78205 S1.21 71.79 x5 f 22.15 51.07 10.74
) 8z7 8 2473 50018 1971
The Results in Table 4.18 shows that for compact tube bank
. . . . . . EEE] a 26.00 4932 24.90
which indicates increase in the values of total heat transfer with
. . . 1029 10 27.21 45.64 30,70
increase in total number of tubes in the arrangement.

Table 4.19 Wide Tube bank for Uapp=5m/s at Tw=1000C

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=1000C
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Atran getnent M Ta ATy Total heat transfer

Arrangement R Ta AT Total heat transfer
524 5 4331 69.00 71,68 T2 3 1905 57,66 T35
x5 [] 4934 66.42 HNE 25 [ 2171 51.93 10.92
Bx7 [ 58.77 60.50 52777 Bx7 7 1347 5072 19,52
3z8 El 62,85 5765 6466 g8 g 24.57 50,36 75.43
10x9 10 56,51 55.32 77.55 T0x0 ] 7567 4962 3132

The Results in Table 4.24 shows that for compact tube bank  The Results in Table 4.29 shows that for wide tube bank which
which indicates increase in the value of total heat transfer with indicates increase in the value of total heat transfer with
increase in total number of tubes in the arrangement. increase in total number of tubes in the arrangement.

Table 4.25Wide tube bank for Uapp=6m/s at Tw=1000C Table 4.30Compact tube bank for Uapp=7m/s at Tw=1000C

Arrangement R T, AT Total heat transfer Arrangerment Mt T, AT Total heat transfer

Sxd 5 24.01 80.44 11.28 Sxd 5 40.415 71.54 2229

[F$] [ 26.05 7893 16.60 Gx5 é 45.60 69.54 32.50

ax7 B 30.04 iS5 3048 Bx7 H 54.10 a4.10 55.01

9x3 g 32.00 7623 38.49 [P 7 5535 F105 5847

10x8 10 33.87 7518 47.45 T0x=9 10 61.75 T8 55 G213

The Results in Table 4.25 shows that for wide tube bank The Results in Table 4.30 shows that for compact tube bank

which indicates increase in the value of total heat transfer with which indicates increase in the value of total heat transfer with
increase in total number of tubes in the arrangement. increase in total number of tubes in the arrangement.

Table 4.26Compact tube bank for Uapp=6m/s at Tw=2000C Table 4.31Wide tube bank for Uapp=7m/s at Tw=1000C
Arrangement My T, AT Total heattransfer Arrangement Mr T AT Total heat transfer
Sud 5 T 15292 47 64 x4 5 22.65 1.38 11.41
5] [ 9.0 144 51 67.67 [3%5] fi 2520 &0.31 1689
8x7 g 110.27 13177 114.95 8x7 g 28.0% 78.38 30.78
9x8 9 11915 12655 141.93 9xd 9 2979 TTE4 39.30
10z% 10 12711 12042 168.83 10=9 10 3149 TE70 48 41

The Results in Table 4.26 shows that for compact tube bank The Results in Table 4.31 shows that for wide tube bank
which indicates increase in the value of total heat transfer with which indicates increase in the value of total heat transfer with
increase in total number of tubes in the arrangement. increase in total number of tubes in the arrangement.

Table 4.27Wide tube bank for Uapp=6m/s at Tw=2000C Table 4.32Compact tube bank for Uapp=7m/s at

Arrangement My T, AT Total heat transfer TWZZOOOC
Sxd 5 34.40 175 24.55 Arrangement Ny T, Tm Total heat transter
[5] 6 39.0% 17178 36.14 534 5 F0.315 15581 4854
8x7T 8 4774 16878 66.29 (] f al.23 149.50 69 86
AxE El 52.00 16582 8379 8x7T 8 100.47 137.85 120.25
109 10 56.07 163.62 103.28 9x8 E 108.98 132.38 148,45
. . . 10x9 10 116.75 127.19 178.31
The Results in Table 4.27 shows that for wide tube bank which

indicates increase in the value of total heat transfer with The Results in Table 4.32 shows that for compact tube bank

increase in total number of tubes in the arrangement. 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=700C Table 4.33Wide tube bank for Uapp=7m/s at Tw=2000C
Arrangement Mt T, AT Total heat transfer Arrangement Mz T. AT Total heattransfer
x4 5 31.44 46.32 14.43 Sud 5 3145 17713 24 56
(25 6 3469 4444 076 x5 B 35.90 174.16 3664
(34 2 4041 40.99 35 75 ax7 8 43.49 170,60 67.00
9x8 9 43.05 3932 4410 OxE 9 47.19 16853 510
1029 10 4525 37.00 5313 10=9 10 5070 166.84 105.31

The Results in Table 4.28 shows that for compact tube bank The Results in Table 4.33 shows that for wide tube bank
which indicates increase in the value of total heat transfer with ~ Which indicates increase in the value of total heat transfer with
increase in total number of tubes in the arrangement. increase in total number of tubes in the arrangement.

Table 4.29Wide tube bank for Uapp=7m/s at Tw=700C
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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

G OL Hew C){compact) G OL New Cy{wide)
125X 125 | 1.27 21zl 0.81
1.24Z1.24 | 1.30 12xdl 0.51
123X 123 | 151 23123 0.80
122X 122 [ 132 24x24 0.79
1.21%1.21 1.34 25125 0.79
1.20X1.20 1.35 16x26 0.73

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

Ao MewC{compact) | &rxay MewC){wide)
125X 1.25 1.30 21=21 0.85
1.2431.24 1.30 2.2xr2.2 0.83
1,23 1.23 1,32 23x23 0.82
1.22¥1.22 1.33 24x24 0.51
121X 121 1.34 25x25 0.80
1.20%1.20 1.36 2626 078

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

Orx O Mugp Rep

125X 1.25 21025 33198
124X 124 214 .25 34305
123X 1.23 22051 35506
122X%1.22 226.770 36817
121X1.21 23334 38255
1.2031.20 24077 398358

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

St o Mug Rep

1253125 136.28 33198
1.24% 124 138.21 34305
1.2331.23 14081 35522
1223122 14317 36817
121121 145777 38255
1.20%1.20 148,75 39838

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

V1. STAGGERED ARRANGEMENT
Table 4.38 Comparison of NuD and ReD of wide tube

bank for staggered

[ Mup Rep

2.1X21 36.23 12670
2222 5252 12172
23X23 7987 11741
24X24 766 11375
P T56S 11066
2HX 26 FEEE 10789

.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

ol o Hup Rep

21X21 51.59 12670
22X22 7938 12172
23E23 T 11741
24X24 T5.50 11375
25XH25 74.009 11066
ERip i} 7243 10739

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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Uapp=>5m/s at T=T0degreeC
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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

Uapp=5m/s at T=100degreeC
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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

Uapp=>5m/s at T=200degreeC
160 Al e
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140 A Wide A
120
A
100 A
= 80 A
) A &
W A
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0 54 6*5 57 9's 109

Arrangement

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

Uapp=6m/s at T=100degreeC
0

A Compnct &

L A Wide

Arrangement

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

Uapp=6m/s at T=200degreeC
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Arrangement

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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Uapp=Tm/s at T=T0degreeC
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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

Uapp=7m/s at T=100degreeC
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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

Uapp=7Tm/s at T=200degreeC
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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.

inline arrangement for compact tube bank

wooo A
—a

25000 A
h 3 A A

Fig.4.10 shows the values of Nusselt number and Reynolds
number for various arrangements which indicates Nusselt
number decreases but Reynolds humber remains constant with
increase in size of the arrangement.

Fig. 4.11 C1VsNew C1

ewdy] A
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5°1.25 1.24°1.24

1.20°1.20

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:

e 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.AATIm
Where A=N=nDL,
Therefore, Q=h.(NzDL).ATIm
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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 (L) and transverse
pitches (6T), 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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