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Abstract

The objective of this research was to build the model for forecasting the outlet water temperature (°C) from
induced draft counterflow cooling tower water affected by various factors, including wet bulb temperature of air
(°0), dry bulb temperature of air (°C), inlet water temperature (°C), and hot water flow rate (/min). The data sets
included 52 tests and each test was repeated 12 times, so there were 624 observations. The repeated measures were
correlated within each test. The research focused on the overall efficiency of the cooling tower water. The analysis
of the data with repeated measures was accomplished through the use of generalized estimating equations (GEE)
method. The first step was to test the distribution of the response variable. It was found that the distribution was
normal distribution. The second step involved a specification of link function. The basic link function was the identity
link function, and it was used for normally distributed data. Finally, the correlation structure was defined. The most
suitable structure was the exchangeable correlation. The model showed that the wet bulb temperature of air, dry
bulb temperature of air, inlet water temperature, and hot water flow rate affected the outlet water temperature.
The variation of outlet water temperature could be explained up to 77.41%. The mean deviance showed that the
model was appropriate, and the residuals from model indicated that no problems with the normal distribution and

the constant variance.

Keywords : efficiency of cooling tower, Generalized Estimating Equations, repeated measurements, Exchangeable

Correlation
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Working Correlation Matrix

Col7 Col8 Col9 Collo Colll Coli2
Row1l 0.9870 0.9870 0.9870 0.9870 0.9870 0.9870
Row2 0.9870 0.9870 0.9870 0.9870 0.9870 0.9870
Row3 0.9870 0.9870 0.9870 0.9870 0.9870 0.9870
Row4 0.9870 0.9870 0.9870 0.9870 0.9870 0.9870
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Standard

Parameter Estimate Error

Intercept 13.5703 2.7621

x1 0.0062 0.0024
X2 0.0261 0.0112
x3 0.4175 ©0.0806
x4 0.0828 0.0243

EXCHANGEABLE CORRELATION STRUCTURE
The GENMOD Procedure
Analysis Of GEE Parameter Estimates
Empirical Standard Error Estimates

95% Confidence
Limits

8.1567
0.0014
0.0041
0.2595
0.0351

zpr > |z|

18.9839 4.91 <.o0001
0.0109 2.55 0.01e8
0.0481 2.32  0.0201
0.5755 5.18 <.0001
0.1305 3.41 0.0007

M 4 wane Covariance Matrix (Model-Based), Covariance Matrix (Empirical) g Working Correlation Matrix

Lﬁaﬁmuﬂgmmu Exchangeable Correlation
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