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Abstract

The current research deals with investigating the design of a simple dual-
pressure heat recovery steam generator based on the thermal characteristics of the
exhasu gases that coming out a simple gas turbine with production capacity of (125
MW) like the simple gas turbines in AlQayyara power plant. The research was
conducted in four stages. The first represented the evaluation of the gas turbine
performance in the case of in which the temperature of the turbine ambient increases
to included the generation capacity, thermal efficiency, specific fuel consumption
and exhaust gases temperature. From the other hand, the second stage focused on
identifying suitable the operational factors for the operation of the heat recovery
steam generator by means of determining the appropriate design pressure of the
steam that 1s generated from the high and low pressure stages when the gas turbine
operates in standard atmospheric conditions (1 bar and 15 C°). The third stage
involved determining the egnineering design of the thermal exchangers in the steam
generating system, which included both (economizer, evaporator and super heater)
for both stages (the high and the low pressure stages) depending on the coefficients
of the heat transfer of the gas and the working fluid. From the other hand, in the
fourth stage the system was tested when the gas turbine generating capacity changes

due to the change in the external ambient temperature.



For the performance of the simpel gas turbine, results showed that the
generating capacity, temperature efficincy and average flow of the exhaust gases
mass decrease by (16.6%), (16.8%) and (1.75%) respectively when the ambient
temperature increases from 5 to 55 C°. The second stage involved the temperature
degrees distribution, the average mass flow of the working fluid, exhaust gases and
the design pressure at the two stages of the pressure. The results showed that the best
design pressure of the steam in the high pressure stage was about 60 bars and 8 bars

in the low pressure stage.

The average flow and the super heated steam temperature was about (63.6
kg/sec.) and (783 K) respectively in the high pressure stage, but its was (12.8 kg/sec.)

given that the temperature was about (473 K) in the low pressure stage.

The third stage involved the engineering design of the system. Since the
coefficients of gas heat transfer and the working fluid are the most importan factors
in the engineering design, they were thoroughly investigated. The study
demonstrated that the coefficients of gas heat transfer are lower compared to the
coefficients of the working fluid and to overcome this problem the number of fins
was increased to elevate the value of exhaust gas heat transfer coefficients. In
addition to that, results showed that increasing the diameter of the fin and the number

of tubes in the row had a positive effect on the gas heat transfer and the quantity of



the acquired heat, but this increase results in an increase in the pressure drop. It was
found that the convenient daimeter of the fin for the heat exchangers is (0.068-0.079)
meter, while the largest number of tubes was (24) tubes in each row when the

external diameter of the tube is (0.051-0.053) meter.

The decrease in the cross-section area of (H.R.S.G.) results in a drop in the

pressure, therefore, the suitable design dimensions of (H.R.S.G.) was (19*5) meters.

The fourth stage results showed that the drop in the gas heat transfer coefficient,
the recovered heat and the drop in pressure were (7%, 22% and 8.3%) respectively
when the generating capacit of the gas turbine unit from 125 to 99 MW. It was also
observed that there was an increase in the steam temprature and a decrease in its
flow in the super heater by (2.5%) and (9.2%) respectively for the high pressure
stage and a slight increase in the temperature and a decrease in the average of the
super heated mass flow rate of the steam (15.8%) in the low pressure stage when the
generating capacity of the gas turbine unit is (125-99 MW) as a result of the increase

in the external ambient temperature from (5-55) C°.
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