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Abstract: This project deals with the mathematical model of a steam condenser in changed conditions. In this paper we discuss about
the list of parameters at which the water temperature from the steam condenser at the outlet depends was selected and by means of
Buckinghamm theorem a functional was obtained between two dimensionless quantities .The form of a function which is exact was
determined from the characteristics of a steam condenser for a 200 MW power plant on the basis of data and the actual measurement
data of a condenser which is different operating in a 200 MW power plant .So a linear relation is obtained between two dimensionless
quantities .Then compare the calculated temperature from the proposed relation and the measured relation .After comparing the

exactness and the correctness of the proposed relation is examined.
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1. Introduction

The condensation of a steam occurs in a steam condenser
which is a heat engine. From the turbine of the steam
condenser, the wet steam (close to saturation) is directed.
This wet steam flows through the outer side of the tubes and
gives away the amount of heat i.e. condenses to the cooling
water flowing inside the tubes. The water used as cooling
water is usually from the natural water source like the seas,
rivers etc. In a 200 MW power plant the location of the steam
condenses with the accepted symbols of the heat transfer
fluids as shown in figure 1.

The low source of heat which is a condenser plays a special
role in a power plant, because the work parameters have a
significant impact on the efficiency of installation. So, it is
necessary to recognize the condenser operating parameters
during the design and as well as the operation. Due to this
purpose the mathematical models explaining the work of the
condenser are created in the changed conditions.

The well-known mathematical model for a steam condenser
is based on energy balance equation and Peclet’s law {1,2} in
changed conditions , which is completed with the overall heat
transfer coefficient as constant or a function of the heat
coefficients for both heat transfer fluids .

Q = myur = CE(TQ - Tc'l) (1)

Q = kAAT, 2)

The coefficients of heat transfer depend on dimensionless
guantities such as the Prandtl number and the prandtl
number. Approximate relations for heat transfer coefficients
are used within relevant ranges of parameter changes {3} and
are not always accurate {4}.

The equations 1 and 2 are rearranged and the work of the
steam condenser can be described by using the heat transfer
effectiveness {5 and 6} in changed conditions.

Figure 1: Location of a analyzed steam condenser in a
200MW power plant with accepted symbols.
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When analyzing the parameters on which the heat transfer
coefficient depends in the relation 3 , Beckman proposed an
approximate formula for the steam condenser for the heat
transfer effectiveness with reference conditions in the
following form {7 , 8}.
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The coefficients o4, 0y, 03, 04 are calculated based on the
measured data. When the parameters do not vary over a wide
range the approximated relation proposed by Beckman works
well for the steam condenser in the changed conditions. The

aim of this paper is to create a simpler approximate relation,
describing the work of the steam condenser in a changed
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conditions based on the measured parameters. For this
purpose the Buckingham © theorem is used.

2. A Mathematical Model

This paper analyzes the steam condenser for a 200 MW
power plant. In the analyzed steam condenser the following
parameters measured are;

Water temperature at the inlet — (7ci)and the outlet
temperature of steam condenser is - (T'2)

the cooling water mass flow - (/77c)

and vapor pressure - (Pn)

The paper attains to obtain the functional relation describing
the work of steam condenser in changed conditions only
using the measured parameters.

The analysis of the (1, 2) relations show that the water
temperature at the outlet of the steam condenser depends on
the temperatures at the inlet of both the fluids , the heat
capacity of the cooling water , the overall heat transfer
coefficient (k) and the heat transfer surface area (A) .

To = f(Tn, T, Cor k. A) (5)

The capacity of the cooling water equals to the product of the
specific heat at constant pressure and the mass flow .
Assuming that the physcial properties of the cooling water ,
in the analyzed range of parameters , are constant , the heat
capacity is only a function of mass flow .

Cc' = (";1("3.”(' = f () (6)

We turn now to the parameters on which the overall heat
transfer coefficient depends in our case . The overall heat
transfer coefficint (k) is a function of heat transfer
coefficients fo both fluids (a1 , al1) and wall thickness (d)
and wall thermal conductivity (A) . In oder to simplify the

analysis , the overall heat transfer coefficient for the flat wall
was adopted {9} .
1 1 o |

—= — 4+ -+ — (7)

k ay A .

The heat transfer coefficient from the water side is a fuction
of the cooling water mass flow and can be written as follows
{3,10, 11} .

A II
a, = ”'r OO”chJGsPr[m Cffiiff's = f (i)
j i
(8)
Where constant €« is equal .
d;
C. = e, ozi—Pr““ (9)

d;

The heat transfer coefflcient from the steam side can be
written as {6 , 11} .

i
(Pcon = Pr) & Iwn !
Weon (T's = Typeon) dyy

The temperature of saturationZ's

(10)

ap =

which is in the formula

f (ph

(10) is a function of measured steam pressure

Likewise latent heat (r) is the steam pressure function

r=f(pn . Assuming that the other physical parameters
of the steam change over the small range , the heat transfer
coefficient from the steam side can be written as

ap = f (Pns 2) (11)

Hence the overall heat transfer coefficient can be written as
the function of the following parameters

k= f Ui, prs g) (12)
Finally the water temperature at the outlet of the steam
condenser can be written as
(13)

T{‘E - T('i = f (Tfii - Tc‘]a Me, Phs A, _Q)

A difference of temperatures was assumed , since if this is the
case it is of importance in which units the temperature is
expressed .

A dimensionless analysis may be used for the selected
independent parameters . According to the dimensionl
analysis it can be written as

b coad e
Ty =Te=C(Ty =Ta) (i) ppA°g"  (14)
The relation (14) is true when the units on the left are equal
to units in the right {10% . .
K'=CK* (kg' .9’]))(kg' s m’l)( (m?) (m . s’z)ﬁ
(15)

A comparision of the exponents at the appropriate units gives
the following system of equations

[K]1=a
[kg] 0 = b+c
[S]0=-b-2c-2e
[mO=-c+2d+e

In the analyzed case we have six independent variables (n =
6) and four equations (r = 4) . According to Buckingham’s =
theorem , the number of dimensionless quantities is two (k =
2).

The solution of the equation gives

3 b
—b,.d=—=b,e=—
2, « €

a=1,c=

The solution (14) takes the following form
Ta=Ta= CT = To) ) () A1 (16)
Arrangement of the expressions with the same exponents
gives
To—Ta _ C(‘g \@')*’
Ty — T Pr Ad

After the introduction of the two dimensionless quantities we
get -

17)
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TL"_’ - Tr_‘ 1

I = —— 18
e (1%
I, = e VE (19)

Pn A3

The (14) relation may be eventually written as follows
I, = f(ILy) (20)

On the basis of the conducted analysis a relation was
obtained between the two dimensionless quantities in which
there are the following measured parameters :

Water temperature at the inlet to the steam condenser (Ter) ,

cooling water mass flow (i)
and steam pressure (Pn)

The exact form of the function is determined on the basis of
the characteristics and measured data for the steam
condenser .

3. Results

At first , the relation (20) between two dimensionless
quantities was checked using data obtained from the
characteristics of the steam condenser for a 200 MW power
plant . Table 1 sets out the values ofparameters obtained from
characteristics of the steam condenser.

-
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Figure 2: A comparison between two dimensionless
quantities.

Two dimensionless quantities were determined based on the
data in table 1 and their values are presented in fig.2. On the
basics of the data obtained, a linear relation between the
dimensionless quantities can be assumed with a good
approximation.

With the help of least square method the coefficients in the
straight line were determined and the following values were
obtained: for the directional coefficient a= -0.0283 and for
the intercept coefficient b=0.9404.

The relation between the dimensional quantities can be
written as

1, = -0.0283 - 1, + 0.9404 (21)

60

—

40

0 —
O R N S S

outlet water temperature from charactenstios C

calculated outlet water temperature

Figure 3: A comparison between water temperature at the
outlet of the steam condenser, from the characteristics and
calculated (21).

A comparison between the water temperatures at the outlet of
the steam condenser obtained from the characteristics and
calculated from (21) for 14 values is presented in fig3.

The very good correlation between these two temperatures
can be observed.

T
L=1]
'

on
=
L

10 4

aoutlet water temperature
fae)
E=1

[=]

01234567 68 910112131415

numper

_iom characterlstics . calculated ‘

Figure 4: Change in water temperature at the outlet of the
steam condenser from the characteristics and calculated.

Fig4 sets out the change in water temperature at the outlet of
the steam condenser from the characteristics calculated 14
values. Between these two temperatures in fig4 a very good
correspondence may be observed.

After determining the coefficients in (21) relation, the
correctness of this formula was checked for the next 11
different values. In table 2 the next 11 parameters from the
characteristics of the steam condenser are presented.

The change in water temperature at the outlet of the steam
condenser, from characteristics and calculated for the next 11
values, is presented in fig5. The correlation between these
two temperatures is very good.
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The correctness of 20 relations was checked on the basis of
measured data for the steam condenser working in different
200MW power plants. The following measurements of
parameters within the steam condenser were made, steam
pressure and total mass of the cooling water flowing through
the two parts of the steam condenser.

The mass of cooling water flowing through one part of the
steam condenser was obtained by dividing the total mass
flow of cooling water by two. And the data in the control
system were recorded every hour during the operation of the
power plant (average value per hour). Two dimensionless
quantities based on 100 values at the beginning of the year
were calculated.

The comparison between these two dimensionless quantities
is present in fig 6. On the basis of the data obtained a linear
relation between these two dimensionless quantities can be
assumed with a good approximation.

The coefficients in the straight line were determined by the
least squares method for 100 measured values were obtained:
for the directional coefficient a = - 0.0314 and for intercept
coefficient b = 0.7643

The relation between the dimensionless quantities can be
written as

I, = —0.0314 - TI, + 0.7643 (22)

Table 1: Values of the parameters from the characteristics of
the steam condenser

Nomber kot p kP T °C T(py)-ToC i, kgls
I il ] 4 15 0
2 80 23 4 3 30
3 1 33 4 i3 200
4 0 63 I 200
5 1 hd B 5 0
b 0 63 I 320
1 1 18 4 4 4000
§ 0 19 4 3 4000
g 10 g 7 15 4000
10 9 1l 7 1 4
Il 120 9 % ! 4000
1 9 11 % N 4000

3 il % I i
14 1 9y % N 4000

Table 2: Values of the parameters from the characteristics of
the steam condenser

Number i, ks '..r.=;_, B T.C Tip)-To'Co kel
1j 45 0 I 4400
16 0 0 % | 4800
1 il 17 { 4 6400
1§ 1 5 4 ) 6400
19 10 31 ] 6400
1 100 fo1 N 6400
i i W1 N (1]
I Mm% N 6400
B 0 T N 6400
4 il o L] | 6400
Al K] Il % ! 6400
.
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Figure 5: Change in water temperature at the outlet of the
steam condenser, from characteristics and calculated for the
next 11values

A comparison between the water temperature at the outlet of
the steam condenser, measured and calculated from (22), is
present in Fig .7.

The good correlation between the calculated and measured
temperature can be observed. The change in water
temperature at the outlet of the steam condenser, measured
and calculated for 100 values at the beginning of the year, is
presented in fig.8.

After determining the coefficients in relation (22) measured
and calculated temperature at the outlet of the steam
condenser for the next 100 values were compared (Fig.9).

The change in water temperature at the outlet of the steam
condenser, measured and calculated for 100 values in the
middle of the year, is presented in Fig 10.

The change in water at the outlet of the steam condenser,
measured and calculated for 100 values at the end of the
year, is presented in Fig 11.
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Figure 6: A comparison between two dimensionless
quantities (measured data)
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Figure 7: A comparison between water temperatures at the
outlet of the steam condenser measured and calculated.

Based on the performed analysis, it appears that the proposed
linear relation for the steam condenser in changed conditions
Introducing the concept of heat transfer
effectiveness and knowing the constant value of the
condenser heat transfer surface and gravity acceleration, the
relation which describes the work of the steam condenser in
changed conditions can be written as a linear function with

is correct.

two constants.

T;:Z - T{_Tl i
=2 9 =D.4E (23)
T —Tgy Ph

24
b
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Figure 8: Change in water temperature at the outlet of the
steam condenser, measured and calculated for the 100 values
at the beginning of the year.
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Figure 9: Change in water temperature at the outlet of the
steam condenser, measured and calculated for the next 100
values.
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Figure 10: change in water temperature at the outlet of the
steam condenser, measured and calculated for 100 values in
the middle of the year.
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Figure 11: Change in water temperature at the outlet of the
steam condenser, measured and calculated for 100 values at
the end of the year.

4. Conclusion

This article presents the steam condensers mathematical
model in changed conditions. By means of Bucking n
theorem a list of independent parameters was selected and
two dimensionless quantities were obtained based on the data
from the characteristics as well as the actual measurement
data for a steam condenser in a 200MW power plant, a linear
relation between two dimensionless quantities was obtained.
A simple linear relation was obtained which allows one to
determine the work of the steam condenser in changed
conditions, basic parameters must be known and two
coefficients in the linear relation must be determined.

A comparison between measured and calculated water
temperature from the proposed linear relation at the outlet of
the steam condenser was performed. A very good
correspondence  was obtained between these two
temperatures for both the characteristics of the steam
condenser as well as for measured data.

The observed differences between the measured and
calculated water temperature at the outlet of the steam
condenser from the proposed relation may result from
deterioration in working conditions of the steam condenser.
Data from the characteristics and actual measurement data
are for two different condensers working in different 200MW
power plants.
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