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Abstract-In thermal power stations cooling Cooling Tower
plays vital role. Along with stresses due to wind load, Seismic
load, thermal stresses are predominant in tower. Using
ANSYS we can check its thermal response which will be
function of time.

Natural Draught hyperbolic cooling towers are
characterizing land marks of power stations. They comprise of
a thin concrete shell of revolution are common place in civil
engineering infrastructure. The wind load is always the
dominant load in the design of the cooling tower due to its
large size, complex geometry and thin wall. This paper deals
with the study of thermal analysis of two existing cooling
towers of 143.50m and 172m high above ground level with
varying thickness in accordance with IS 11504. These cooling
towers have been analyzed for thermal loads using ANSYS
software by assuming fixity at the shell base. The analysis of
two existing cooling towers has been carried out using 8
noded SHELL 181 element with uniform SHELL thicknesses.
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1. INTRODUCTION

A cooling tower is a heat rejection device which
rejects waste heat to the atmosphere through the cooling of a
water stream to a lower temperature. Cooling towers may
either use the evaporation of water to remove process heat and
cool the working fluid to near the wet-bulb air temperature or,
in the case of closed circuit dry cooling towers, rely solely on
air to cool the working fluid to near the dry-bulb air
temperature.

Common applications include cooling the circulating
water used in oil refineries, petrochemical and other chemical
plants, thermal power stations and HVAC systems for cooling
buildings. The classification is based on the type of air
induction into the tower. The main types of cooling towers
are natural draft and induced draft cooling towers.

Cooling towers vary in size from small roof-top units
to very large hyperboloid structures (as in the adjacent image)
that can be up to 200 meters (660 ft) tall and 100 meters (330
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ft) in diameter, or rectangular structures that can be over 40
meters (130 ft) tall and 80 meters (260 ft) long. The
hyperboloid cooling towers are often associated with nuclear
power plants, [1] although they are also used to some extent in
some large chemical and other industrial plants. Although
these large towers are very prominent, the vast majority of
cooling towers are much smaller, including many units
installed on or near buildings to discharge heat from air
conditioning.

1.2 CODE PROVISION IS 11504 (ClauseNo.6.1pg.no.7)

e The base diameter, air intake, opening height, tower
height and throat diameter arc basically determined by
thermal design considerations. As the range of possible
hyperbolic shell shapes is infinite it is recommended that
the designs be confined to the following major
proportions which have been extensively adopted in
cooling tower constructions. Other proportions shall be
carefully studied before adoption:

HD = 1-20t0 1-55
HofH == 0-75 to 0-85

e  The minimum thickness of the shell shall not be less than
140 mm for towers of height 75 m and above; for towers
less than 75 m height the minimum thickness shall not be
less than 100 mm.

Il. OBJECTIVE OF STUDY
e To Study the linear static analysis of existing cooling

towers and intermediate cooling towers or maximum
principal stress with varying the height and thickness.
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e To Study the comparison between two existing cooling
towers (143.5m & 175.5m Height) of Bellary Power plant
for modal analysis and static structural

e To find optimum (best suited) cooling tower among these
two existing cooling towers For different loads, stresses

111. LOADING ON NDCT IN ACCORDANCE WITH IS
11054

The following loads shall be considered:

a) Dead loads;

b) Wind loads;

c) Earthquake forces;

d) Thermal restraint loads;

e) Construction loads; and

f) Any other loads such as SNOW loads. Foundation
settlement, etc.

3.1.1Dead Load - Dead load shall be assessed carefully in
accordance with 1S: 1911-1967. It is desirable to minimize the
loading upon the shell due to permanent fixtures. Secondary
stresses if any due to permanent fixtures on the shell shall be
investigated.

3.1.2 Wind Pressure - The basic wind pressure shall, in
general. Conform to IS: 875-2007 excepting in places where
local conditions warrant special investigations

The wind pressure coefficient distribution on the shell should
preferably be derived from wind tunnel tests of a model of the
proposed tower shell shape. As this is not normally
practicable, the wind pressure distribution suggested in
Appendix A may be used for cooling towers more than 12m in
height and not more than 100 m in base diameter.

It is recommended that for towers of greater height or
built at closer spacing’s, wind pressure distribution shall be
determined by model tests in a wind tunnel offering
appropriate aerodynamic similitude. Such models shall include
all adjacent topographical features, buildings and other
structures which are likely to influence the wind load pattern
on the tower significantly,

3.1.3 Earthquake Forces - Earthquake forces shall conform to
IS: 1893-2002. It is recommended that for towers with more
than 120 m height or more than 100 m base diameter analysis
and design of tower shell, shell supporting structure and its
foundation shall be carried out on the basis of model analysis.

3.2 ANALYSIS OF SHELL

Except for moderately sized towers where membrane
analysis gives sufficiently satisfactory results, bending
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analysis should be carried out as per the elastic theory for thin
shells either by classical methods or by numerical methods
like finite differences or finite elements. It should include the
following information at 10° plan angle and not more than
0'05 of the shell height:

a) Meridional and circumferential direct stress resultants and
tangential shear stress resultants,

b) Meridional and circumferential bending moments, and

c) Displacements normal to shell mid surface

The structural action on cooling tower is shown in fig.3.1

AMIE OF ROTATIOM. ¥

A I~

Fig.3.1 Structural action on NDCT

IV. NUMERICAL MODELLING IN ANSYS

For modeling of hyperbolic cooling tower surface
elements are preferred in that particularly SHELL181,
CONTA 174 and TARGEL170 is used description of elements
are as follows

4.1 SHELL181 Element Description !

SHELL181 is suitable for analyzing thin to
moderately-thick shell structures. It is a four-node element
with six degrees of freedom at each node: translations in the X,
y, and z directions, and rotations about the x, y, and z-axes. (If
the membrane option is used, the element has translational
degrees of freedom only). The degenerate triangular option
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should only be used as filler elements in mesh generation.
SHELL181 is well-suited for linear, large rotation, and/or
large strain nonlinear applications. Change in shell thickness is
accounted for in nonlinear analyses. In the element domain,
both full and reduced integration schemes are supported.
SHELL181 accounts for follower (load stiffness) effects of
distributed pressures. SHELL181 may be used for layered
applications for modeling composite shells or sandwich
construction. The accuracy in modeling composite shells is
governed by the first-order shear-deformation theory (usually
referred to as Mindlin Reissner shell theory). The element
formulation is based on logarithmic strain and true stress
measures. The element kinematics allow for finite membrane
strains (stretching). However, the curvature changes within a
time increment are assumed to be small.

KL
AJ

l
Triangular Option
(not recommended)

Fig.4.1 SHELL 181
4.2 CONTA 174 and TARGE170 ™

The 3-D contact surface elements (CONTA173 and
CONTAL74) are associated with the 3-D target segment
elements (TARGE170) via a shared real constant set. ANSYS
looks for contact only between surfaces with the same real
constant set. For either rigid-flexible or flexible-flexible
contact, one of the deformable surfaces must be represented
by a contact surface.

If more than one target surface will make contact
with the same boundary of solid elements, you must define
several contact elements that share the same geometry but
relate to separate targets (targets which have different real
constant numbers), or you must combine two target surfaces

into one (targets that share the same real constant numbers).
Associated Target Surfaces

\_/\lv Contact: Elements \_’-"E\_/

Fig.4.2 Conta And Target Element

4.3Finite Element Meshing of Hyperbolic Cooling Tower
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In this paper CURVED SHELL element is used for
discretization purpose. Each node is assumed to have 4 DOF.
Total elements are 1416 and total nodes are 1472

of 172-

V.PROBLEM STATEMENT

The Total height of the tower CT1 is 143.50 m. The
tower has a base, throat and top radii of 55 m, 30.5 m and
31.85 m respectively, with the throat located 107.75 m above
the base. Thickness of shell is 0.27m

5.1 Material Properties for Analysis of Cooling Tower (CT)

e Young“s modulus: 31Gpa.
e  Poisson®s Ratio: 0.15.
e  Density of RCC: 25 kN/m3
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Fig 5.1 Geometry of Existing Cooling Tower (BTPS) (175.50
m)

5.2 DESCRIPTION OF COOLING TOWER
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sS1 Cooling Cooling
no Description Symbols tower 1 tower 2
(CT 1) ( CT 2)
1 Total heighit H 143.50mm 175.501m
2 Heizht of” Htlua 107.75m 131.60m
roat
3 Diamncler at D G63.6111 82.00111
top
<4 Diamecter at Db 110m 122.00m
bottom
= Diaineler atl Dl G61.01 68.75011
throat lewel
[ Colunu Hc 9. 20m 9.275m
Llcight
7 (HUn/H) ralio 0.750 0.749
8 (Dthr/I) ratio 0.554 0.563

Table No.5.1

VI. RESULT AND DISCUSSION

Toos teip | @ #E 40 B B
EOFE & STAAKEAAR A"

17 Stowvertcrs #tvetiane | Wesge Cooing » A= v Av A= Av A H
Suppars + O Critons + B0iecfE B

Eare

e

BTy —
8 Tus Defomaton
At v

Ay shewess

el f “Sati Struchesl (C57

= Detitien
Frpica Type Shuciual
AnayaType Static Sl
Solier et hiecnarics AFUL
= Options v
Trucrment Temperstare 73,'C
Genarats rgu 0l o

Press L for Help [#1 Mexage Mo Seleclion Metri g, Ny, i, mA) Degeees e

Fig 6.1 Boundary conadition and loading condition

e ix A Aw Aw A1 Atcen st 3shan teen Jshow Coerteato spems
7 = ot seirane

i | |

i ]

v [

Fig 6.2Maximum Deformation

FIRTTE
W % paa
= A An e A AT

sene
Eals

K]
DWIg-

S el

[ & Shom Vemiues & Wiiretiams.
[Result 1801003 (o s @

uiein)| [ ma e

-

Metric (mm, kg, M5 m, mA) Degrees rah

L Meszage M Seteciion

Fig 6.3 Middle Principal Stress

Page | 1158

ISSN [ONLINE]: 2395-1052

a v B iy,
P@E (A mMaAE s O
g v Av 1w Av Av Av A K A

B | Diobe

| File Edit View units Tools Help | @ 7 sche +
LR S olololl 1FE
| ¥ show vertices §tvirerrame |

[Resull 150008005+ @r B @

e
5

Tasnow Mesh 2

e s=nasL

[CoF)

-/ UnePressire

=~/ Solition (06)
- /& soution Tormation
A Tot Deforaten

Details of "Maximum Principal Siress”

~/scope
Scoping Methad |
m Al Bodies.

Srel [Tep/Borom

Layer [Entire Secton

= Definidon

Tyre Wpimum Prircol .

4 T

Doty Trne

Coloulate Tene Halary | ¥es

[dent fer

Suppressed o

Beis B 2 Presie 1
Press F1 for Help. 8 1 Message o Selection [Mevic (mm, kg M, 5, m¥ mA)_Degrees rai

Fig 6.4 Maximum Principal Stress

Chho M

[t Conrdnate &
fee

ey Tme
wamar i i i |
TS ek ks, M s ¥, oot Degrens e

Fig 6.5Shear stress

Prese L for el o Selecivn

Tseometry FrrtFremmlregen Fewes
®ivemos e ssecin

Fig 6.6 Normal Stress

.
8 e v

el

P
e [t
i |UBetti o

Sy

R ot Lo e

b e [ BiNemni e

Fig 6.6 Natural Frequency for mode shape 1

www.ijsart.com



1JSART - Volume 3 Issue 5 -MAY 2017

et
| Mode (C4)

b Gamety

A e
e

2 Static trctural (C5)
7 s Setrgs

il

- e
B8l Solton (C5)
1 S emgin

-BnEdEn
- et
A e s il

o S S

oMol |Geomety e |

an

ain

3 s
dingreSyen|Glozal Ceorinee .

M fedes
Topoton
e decir |2

e s
Y Pl
fire

IoeTima ity o5

fa

i

ep

RIEA]
RU
ik
AR

L

e Repar: P ‘

81 Mesage  [No‘elecion Meticm, e s mmd) Degres

Fig 6.7 Shear Stress

[} w
[ =3

na
=

DEFOrmation
= e
L] [y

i

THICKNESS vs DFORMATION

&,

N

=t=(T1

=l 2

0 50

100 150 200 250 300
THICKNESS
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In the first stage of study all IS 11841 code provision
for design of NDCT is studied and finite element model in
ANSYS is proposed against self-weight and lateral load
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against various dimensions. Following conclusions can be
made after analysis

a.

[1]
[2]

[3]
[4]

[5]

(6]

[7]

(8]

The increase in thickness shows relatively decrese in
deformation but up to maximum value 240 mm for both
CT1and CT 2.

The verification of 1S 11504 norms is done regarding
minimum thickness criteria is done

In linear buckling analysis maximum deformation occurs
at mode 6 just above base diameter, circular rings need to
be provided at that distance.

In modal analysis natural frequencies are increases by
increasing thickness of shell.

Shear stress increased in decreasing thickness of shell
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