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ABSTRACT

The paper proposes a calculation algorithm and development of a software in Visual Basic(Visual Studio 2012
Express Desktop) used in heat transfer studies when different heat exchangers are involved (e.g. Helical Type
Triple Tube Heat Exchanger , Plate Type Heat Exchanger).It includes the easy calculation of heat transfer co-
efficient and followed by the design and simulation of heat exchanger design parameter by inputting general
known parameters of a heat exchanger into the developed software—-“DAIRY —HE “. A parametric study is
conducted using the software interface to determine the length of tubes or dimensions of heat exchanger.
Keywords-Heat Exchanger, Triple Tube Concentric Helical Heat Exchanger, Double Tube Concentric Helical
Heat Exchanger, Plate Type Heat Exchanger, Algorithm.

l. Introduction

Symbols and Abbreviations:

Triple concentric type heat exchanger or plate

A Heat transfer area (m°) types are frequently used in heat processes,
\Y Volumetric flow rate (m°/s) coolingprocesses, pasteurization or sterilization
C, Specific Heat (KJ/kg K) applied in the dairy industry.Forthis type of heat
z z-value (°C) exchanger different papers have developed case
L Length of tube (m) studies for the design and indirect testing of a heat
h Heating exchanger and mathematical models have been
m Mass flow rate (kg/s) developed and a humerical simulation has been made
eq Equivalent to observe the thermal and fluid dynamic behavior by
Y Sterilizing value Garcia-Valladres, 2004. And a computer based
i Inside interactive solution for accurate estimation of heat
T Absolute temperature (K) transfer co-efficient in a helical tube heat exchanger
ty Holding time(s) by Sahoo et.al, 2003. And, the algorithm for design
u Overall heat transfer coefficient (W/m?K) and performance evaluation of an indirect type
0 Outside helical tube UHT milk sterilizer also given by Sahoo
Subscripts et.al. And numerical and experimental studies of a
S Steam double pipe helical heat exchanger is done by
Re Reynolds Romie,2004.From this literature review we have the
SS Stainless steel idea about the heat transfer phenomena in the heat
Pr Prandtl exchanger of different type.

w Water

1 Tube of smallest diameter 1. Design consideration

2 Tube of intermediate diameter In heating section the milk flows in the annular
Im Logmean portion of triple tube and the heating medium (i.e.
c Condensate film steam) flows in the inner most and outer most
k Thermal conductivity(W/mK) annulus. The holding section is a straight single

p Density (kg/m°) tube for holding the process fluid. The cooling
h Film heat transfer coefficient (W/m’K) section the milk is cooled by flowed it in inner tube
Do Decimal reduction time(s) and cooling water at annular section of the tubes.

sl Dynamic coefficient of viscosity (kg/ms)

A Difference 2.1.1. Heating section Design: The overall heat
Dc Coil diameter (m) transfer coefficients are obtained from the following
m Milk equations based on conduction and convection in
A Latent heat of condensation (KJ/kg) cylindrical coordinates:

E. Activation energy (J/mol) 1 | Do1nifDy1/Di1) Do1

— 1 -1
UOl_ (hm + 2kss + hcl Dil) (1)
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— 1 | Diplni@2/Di3) Diz  y-1

UiZ_ (hm + 2kss +h52 DDZ) (2)
The condensate heat transfer coefficients can be
obtained from the following equation (Kern, 1984):

i M]o.zs
hc1‘0'5754[HcDiz (Ts—Tawaur ) ®
0.25
o [ kiptgh )
¢z IJ’CDOZ(TS_TDZWG-”)

Both the equation are obtained on the assumption that
the flow of the condensate is laminar,i.e. 27,/ <1.2
X10%® and k.p. and . are estimated at film
temperature.

Tr1 = T — 0.75(Ts — Tywau ) (5)

Tf2 = Ts - 075(Ts - Tonall) (6)
Based on the principle of heat flux equivalence, the
wall temperature can be shown as:

Ts - Tonall _ Tonall - Tbm (7)
1/h.,D, " InifDy2/Diz) 1
sts hm Di2

2.1. Triple Tube Straight type heat exchanger: It
consists of 3 sections namely—Heating Section,
Holding section and Cooling Section.

Ts—Tiwau _ Titwail —Thm
1/he1Dyy  m@o1/Dyy) | 1 (®
2kss hm Do1
The milk side heat transfer coefficient for turbulent
flow inside a tube can be estimated by the following

equation (Geankoplis, 1997):

ki
hm - (Deq> 0.027 N}gégngr.% ub/p'wall )0.14
Since milk flows in the annular region of the tubes,
the above equation can be modified, replacing
(Hb/Hwa” )0'14 by (DiZ/Dol)0'53 (ZUTitZ, 1990)

The heat transfer coefficient for the helical tube heat
exchanger is obtained by multiplying

[1+ 3.5(Deq /D.)]withheat transfer coefficient of
straight tube heat exchanger (Chopey& Hicks, 1984).
So, the final expression to evaluate the milk side heat
transfer coefficient for turbulent flow in the annular
region of the helical triple tube is given by:

h,, = (k'” ) 0.027 N3ENJ:33 Hy /u
D,
X [1+ 3.5(D.q/D.)]
The heat exchanger length can be calculated from the
heat balance equation,
mmCmATm = (Uolel + UiZAiZ)ATlm
= (Up1mDy1 + UpmDi ) LATy, €)

0.14
wall )

2.1.2. Holding Section Design: The average
velocity of milk through the holding tube can be

obtained from,v = %
The maximum velocity of milk can be obtained from

v
Vmax = 10.0336(logNg,) + 0.662]
(ForNg, > 2100 (Toledo, 1991)).

And D value at any temperature T for a specified
micro-organism can be estimated from Arrhenius
equation,

D =D (Ea [1 1 )

T = Uy €Xp R IT To
E, In(10)TT,

R - - Z - - - - -
The holding time of process fluid (milk) in holding
tube can be estimated as follows:

The length of the holding tube can be obtained from:
L = t)Vnax

2.1.3. Cooling Section Design:
The overall heat transfer coefficient can be obtained
from

_ L Duani@y1 /D) | Dy N1
U“_(hm + 2k ss +hw 0;1)
Water and milk side heat transfer coefficient are
estimated by —

k
h, = (D,’” )o.027 NRBNQ:33

il

M S
(u—b)“‘* [1+3.5(D;1/D.)]
wall
k !
h, = (D,W )0.027 NRENP:33 (Dl2
eq

. 0.53 1
Dol) [
+3.5(Deq /D))
By employing the heat flux equivalence concept, the
wall temperature can be estimated as follows:

Tym — Tiwan Tiiwau = Tow
1/Di,1hm Ini{D,1/D;1) + 1
2kss hwDoq

Tbm - Talwall _ Tolwall - Tbm
/Dy, M®@01/Dy) 1
2k R D;y

The length of the cooling section can be obtained
from the heat balance equation:

My, CnAT,, = m,,C,, AT,

= Uiy Ap ATy = nLU; Dy ATy,

2.2. Plate Type Heat Exchanger,

For plate heat exchanger we have to choose flow
pattern accordingly the number of plate in Heating,
Cooling section changes.

Equivalent diameter of a plate,

4XWXG
w0 =g, AS WG, Dy =26

Flow pattern of milk =m x n

Flow pattern of water=k X f

Flow area for water,4A,, = f X (W X G)
Flow area for milk,4,, = W X G

Velocity of milk flow, "m= Vm/A
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Velocity of water flow, v= VW/A
w

PmVm De
SO!(NRe )m =t

M
C
(NPr)m = um—l’m
Dkn;1
(Nyim =—— = 0.28Ng° N§;*
m
v, D,
(Ngo),, = DoiwZed
p
(NPT)W = “W 2
Dkwh
(Niw)w = —— = 028Ng Nt
w
1
U =

1 Ax 1

hy ke hm

Q = PV A Com ATy = poy Vi Ay Cpoy AT,
= UAAT,, F

A, = (L xW)+0.015

A=A4,Xn

So, number of plate including 2 end plates,

Nger =N+ 2

I11.  Regression used for milk and water
properties:

3.1. Regression for milk properties:

Tin°C

k,, = 0.539911 + 0.00133T

pm = 1033.7 — 0.2308T — 0.00246T>

W, = (—0.00445T + 0.947) x 1073

Com = (1.68T + 3864.2)

Equivalent diameter of a plate,

4XWXG
w0 = ag;  AS WG, Dy =26

Flow pattern of milk =m x n
Flow pattern of water=k x f
Flow area for water,4,, = f X (W X G)

3.2. Regressionfor steam/condensate properties:
For temperature within 345K-530K, T in Kelvin
k, = —0.0007T + 1.003

pw = —0.8392T + 1270.2

M, = 0.0072¢~0-009T

Cpy = 1000(0.0021T + 3.4571)

For temperature within 273K-310K, T in C

k, = 0.0015T + 0.5709

pw = —0.0065T% + 0.0581T + 999.98

H, = 0.0000005T2 — 0.00005T + 0.0017
Cow = 1000(0.00004T2 — 0.0025T + 4.2153)

IV.  Development of Interface:

Using Visual Basic 2012, at first make the Form-
1(Fig:1). It includes 8 command buttons for different

options that can be taken by the user and label lines
also.

By clicking the button user can access the
desired design environments e.g. Triple Tube HE
(Straight Type) or Plate Type.

Design Of Heat Exchanger For A Dairy Plant

Double Tube HE
(Straight Type)

| Tiple Tube HE (Streicht 3
Type)

Double Tube HE{Helical

Type) Help?

Triple Tube HE (Helical
Type) <BEXIT>

Plate Type HE

Designed By-Dipankar Mandal B tech(Agril. Engg)/BCKV_11/11/2013

Fig-1:Forml

o Form3 = ﬂ

Design Of Double Tube HE (Hefical Type)
R R e o

WIDTH

Fig-2: Form5
In each command button includes its linked
environment form. Each form has 3 sections at
theMenu-strip bar —Heating Section, Holding Section
and Cooling Section. (Formb5).Fig:2.
If user wants to design heating section then click
to the option on menu-strip bar and it opens a
interactive window and asks user to give inputs as he
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desired from case study of the projected plan of the
Dairy Plant.

Then push the CALCULATE button and the
designed parameter will show in the output boxes
provided in it, Form6.(Fig:3)

In that way a user can easily design the plant sections
by the software.

TR T e

Design Of Triple Tube HE(Helical Type) \ /\

CalculateTyq Ty,

Initialize Tilwall y Toowall

Heating Section  Holding Section  Cooling Section

Healing Section USlng equ_5’6
Inlet Temp of Mik |
Qutlet Temp of mik
It temp of water \ /
Volumetric flow rate of ik Calculate hC]Jh’CZ uSIHg
Volumetc flowrete of water Lengthofube e q u 3 4_
=Y
Inner dia of imner ube: )
inside wal temp
Quter dia of nertube outsice waltemp \/

Inner dia of outer tube:

Calculate Tpan > Toowan
using equ. 7, 8

outer dia of outer tube

Cal Dia

‘Thermal canductivity of tube material

New Tipan »

To 2wall

Fig-3: Formé

V.  Programs in Visual Basic 2012: Are calculated

This program is based on the visual basic
structures. The program starts with initialization of
two variables Ty,an +» Toowan @nd the assumed
values go through some equations which ultimately
gives a new value of Tyan + Toowen -NOW in
condition box it checks the values are same as the
assumed value or not. If it is same then it outputs the \L

Tilwall ) Tonall
different from

assumed values?

value of the tube length. If not, it runs again through Y€
the loop. The basic flow chart of the program is given
below:

Calculate U,, U;; using
equ.1, 2

Vv

Calculate Length of Tube
using equ. 9
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VI. Results and Discussion

We have gone for a run of the program using some  Table-1:
standard data and check the computed results given Milk
by the software with theoretically calculated value. inlet
Set of Data: Temp. 90 100 | 110 90 100 | 110
For Helical Type triple tube Heating Section Design:: C
Inner diameter of the innermost tube=0.006m Water
Outer diameter of the innermost tube=0.0085m Inlet | Double ps | ps Double DH | DH
Inner diameter of middle tube=0.0127m Temp. | Straight Helical
Outer diameter of the middle tube=0.015m C
Diameter of coil=0.3m

160 7.7 7 6.2 7.7 6.9 6
Temperature of steam=160 [1C
Inlet Temperature of Milk=90 [1C 165 6.3 57 | 4.9 6.3 56 | 4.8
Outlet temperature of Milk=150 [(IC
Flow rate of milk=150 lit/h 170 >4 48 | 41 >3 4.7 4
Flow rate of water=600 lit/h 175 4.7 41 | 35 4.6 4 34
Calcula_ted: Theoretically calculated value of length 180 42 37 | 31 a1 36 3
of tube=1.45m
And Inside wall temperature=139.1 [1C and outside 185 3.8 33| 28 3.7 32 | 27
wall temperature=143.52 (IC.

And output value using the software is given in 190 35 3 2.5 3.4 29 | 24
following window.(Fig:4) 195 3.2 28 | 2.3 3.1 27 | 2.2
200 | 3 |26]21) 29 |25 2

Design Of Triple Tube HE(Helical Type) 205 2.8 2.4 2 2.7 23 | 1.9
Heating Section  Helding Section  Ceoling Section 210 26 22 18 25 21 17
i 215 2.4 21 | 17 2.3 2 1.6
Inlet Temp of Mik 90
O Temp ot mke 750 220 2.3 2 1.6 2.2 19| 15
Inlet temp of water CALCULATE
hmtrisis [ 225 | 22 |19|15]| 21 [18] 14
Voksnetic fowste of water 60 Lengthof tube ~ 1.4947474!
T e 230 2.1 18 | 14 2 1.7 | 14
Gumdactimante (00 ST e 235 2 171 14 1.9 1.6 1.3
Inner dia of outer tube 001z
outer dia of outer tube 0015 240 19 16 13 18 15 12
e 245 18 | 15| 12| 17 |14] 12
‘Themal conductivity of tube material 15
250 1.7 15| 1.2 1.6 14 11
255 1.7 14 | 11 1.6 13 11
Fig-4: Form6 output Window 260 16 il 15 13 !
265 15 13| 11 1.4 1.2 1
Now, for evaluation of different types of heat 270 15 12 1 14 12 | 09

exchanger we test the data for different inlet
temperatures of milk and water inlet temperatures.
The result sheet is given in TABLE-1 and TABLE-2.
And a performance evaluation plot is shown in
Fig:5 (Length of the tubes in Log Scale vs . water
inlet temperature [JC).It shows that high the inlet
temperature - less the tube length. For a particular
temperature, less tube length occurs from Double
Straight tube to Triple Helical tube.
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Table-2: 205 0.6 05|04 06 |05]04
Milk
T';'ﬁ; 90 100 [ 120 90 | 100 | 110 210 0.6 105)041 05 [04704
c 215 05 05 04| 05 |04]|03
Water
nlet | Triple Triple 220 05 04 |04]| 05 |04]|03
T strantt | TS| TS | etieal | TH | TH
ergp- traight elica 225 0.5 04 |03| 04 |o04]03
160 1.7 15|13 15 |13]12 230 0.5 04 (03| 04 |04]03
165 14 12 | 1 12 |11 00 235 0.4 04 03| 04 |03]|03
170 12 1 ool 11 loolos 240 0.4 04 03| 04 |03]|03
175 1 09| 07 0.9 08| 07 245 0.4 03] 0.3 0.4 03] 0.3
180 0.9 08 |07]| o8 07|06 250 0.4 03 (03 04 |03]02
185 0.8 07|o06| 08 |07]o05 255 0.4 0303 03 |03]02
190 0.8 07os5| 07 |o06]|05 260 0.4 0302] 03 |03]02
195 0.7 06 05| 06 |05]|05 265 0.4 0302] 03 |03]02
200 0.7 06 05| 06 |05/ 04 270 0.3 03 02] 03 |03]02

double straight
10 5 mo0

= + double helical
m90

—tr— triple straight
m90
= « =triple helical m90

= = ds m100

= === triplehelical m100

[ty
I

29?0— triple helical
m110

Length of Tube

G

= = triple st m100

====triple st m110

= + dsm110

0= dh m110

0.1 - - - dh m100
Water inlet temperature

Fig-5: Performance evaluation of different types of heat exchangers at different milk inlet temperature
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VII.  Conclusion
Once a user is convenient with the software, it is
very less time consuming for trial calculation for
design parameters in the environment. And it is very
user friendly software for plant design.
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