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ABSTRACT

During the hot months of the year, high almaspheric temperatures cause reductions
in net power output of gas turbine power plants . Because peak electrnic demand for
many ulilities occurs in the hot summer months, a traditonal combustion wurbine
installation s al a disadvantage for summer peaking operalian. When a utibity needs
electric generating capacity most, the combustion turbine’s capacity 15 at its lowest
level.

In the present work, description and anaiysis of the use af absaorption Li-Br cooling
¢ycle to enhance the perfermance of the Hurghada gas tusbine plant through the
impravement of inlet parameter are carried out. The plant consists of four General
Electric gas turbines, each of them has a rated power of 25 MW In Ihe proposed
system, the caoling cycle is activated by heat recovered from the turbine exhaust.

A computer simulalion that provides calculation of the performance of the plant is
presented. Monthly values of the net power output, percetage increase in power
oulput as well as perormance of the cooling system are given wih the
carresponding wealher conditions. Results of tha simulation modei show that lhe
percentage enhancement of the net power oulput depends on the weather
conditions The results of tha present apalysis validated the advantages of gas
turbine cogeneration with absorption air cocling.
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INTROCUCTION

Due to rapid increase in the world population and consequent energy demand, the
power industry has recenily been instailing a large percentage of its new generation
¢apacity in the form of gas turbines. They are relatively inexpensive and ¢an be
procured, designed and installed in less than bwo years. Since gas turbines ¢onsume
air which is laken [rom the environment, their perdformance is slrongly affected by the
weather conditions. And because of gas turbines are constant-volume engines for
which shaft horsepower is proportional to the combuslion air mass flow, so the gas
turbines oulput improves if the air temperature is depressed at lhe comprassor inlel
and air density increases.

One way of restoring, or even improving operating conditions is to add an air cocier
at the compressor inlet. The air cocling syslem services lo raise lurbine
performance to peak power levels during the months when the high atmespheric
temperalure causes the gas {urbines to work al off-design conditions, with reduced
power output plant.

There are many altempls carried out for using inlet air chilling in gas furbine power
augmentation. Ondrays and Wilson [1] have made oplions in gas turbine power
augmentalion incfude absorption chifler, mechanical (electric driven) chillers and
thermal energy storage. Lucia and Broncon [2] described the techrical and
econcmic advanteges of providing inlet air cooling system to increase the gas
turbing's power raling and reduce its heat rate. The companison study of
cogeneralion gas lurbines with and withoul compressor inlet air cooling proves lhat,
the power output may be increased by {18-19) percent when using an absorption
unit te coel the compressor infet air by (10 °C). Also ihe energy sawving increases by
(10-11) percent, with an increase in the efficiency of 5 percent. Hail and Stover [3|
have studied an inlel air chilling systems, three types of inlet air chilling were
considered direct mechanical refrigeration, absorption refrigeration and thermal
energy storage. The overall effect of net power produced for each scheme is 36.5,
36.3 and 37.8 MW respectively, which means that the tnermal energy storage
system may be considered as a mean to maximize chilled inlet air performance. The
application of thermal (ice} energy storage for inlet air ¢ooling of a combustion
turbine is studied by Ebeling et. al. [4].

Because of the location of Hurghada is in the hot summer region in Egypt and as the
eleclricity demand increases in this time of the year due lo rapid incregsirng of the
lourist activities, he study of performance enhancement of Hurghada gas turbine
power plant, specially in the hot summer months, is more important.

CLIMATE _DATA OF HURGHADA

The climatic deta of Hurghada are given in Table 1. As shown, the maximum value of
the dry bulb temperature {OBT) of aboul 34 °C can be reached during the rmonth of
August Where the minimum DBT of ambient almosphere in this region occurs in
January and it's value is 9.7 °C. Also, it can be observed that the temperature during
the summer months from May to August is usuaily higher than 30 °C. On ihe other
hand, values of the relative humidily (R.H.) are usually higher in cold months.
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Maximum value of R.H of 59% is expected in Jan.. However, the values of R.H and
DBT will determine the monthly values of the dew point temperature which will be
considered as the minimum lemperature of air, after cooling, at the compressor inlet,

Table 1 Climate data of Hurghada

Months Jan. Feb, Mar, Apt. May Jun. July Aug Sep, | QOct. | Nov. | Dec.
215 25 465 5 05 22 R R 338 20 296 | M5 | 228

manr

Ton 97 |13 |128 |64 |21 |8 || |22 |20 |1me [158 | 1
AH 58 19 o a7 . 4 a7 47 |51 |55 |55 |54
GAS TURBINE PLANT

The electnic power station in Hurghada shown in Fig.1 consists of five General
Electric {GE) frame gas turbine units with the data given in table 2, [5].

Table 2. Data of the Hurghada gas turbine unit

Construction features Gas turbine rating i
PG 55341 Base / Peak 23.457 2525 MW
Generator drive Inlel temperaiure 15 °C
Simple cycle Exhaust lemperalure 4827510 °C
one shaft Inlel pressure 1 atm.
Exhaust pressure 1 alm,
Compressor | Turbine Combustion chamber
17 slages 2 slages {single shalt) 10 chambers
Axial llow pm
5100 rpm
Fuel system Ganarator
Drstillate No 2 oil Air - cooled
51gpmm 28.9/31.2 kVA { Base/Peak)
3000 rpm
1000 kv
50 Hz

The aim of the present work is to study the annual performance of the Hurghada gas
lurbine unit when an absorption cooling system is applied to reduce the inlel air
temperature of the cycle Inlhe theoretical model, ambient air cooling up to the dew
point temperature will be considered

DESCRIPTION OF THE PROPOSED SYSTEM

Figure 2 shows a schematic diagram of the proposed system, which contains the
gas turbine power plant augmented by the absorption cooling cycle that uses lithium
bromide-water solulion As shown in the figure, the heat required for the generator of
the cooling unt is taken from the heat recovery steam generator (HRSG) installed at
the oullet of lhe gas turbine Sleam is generated as a result of beat transfer
between the exhaust gasses and water coming out from water {ank in a closed cycle.
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The absorption cycle consists of four main elements: generator, condenser,
evaporator and absorber, water vapor is the working fluid and lithium bromide
sotution is the absorbent. The generator and the absorber which work at two different
pressures are connected to each other through a solulion pump and a pressure
reduction valve. An expansion vaive controls the flow of the refrigerant from the
condenser to the evaporator.

The air flow cooled due lo the heat transfer between the ambient air and the chiiled
water coming from the evaporator of the cooling unit through the heat exchanger
installed at the compressor inlet. A cooling tower is used to dissipate the heat from
the hot water coming from the condenser and the absorber of the cooling unit.

ANALYSIS OF THE PROPOSED SYSTEM

The perfarmance curves of the gas turbine unit which are given in the manual [5] are
used to estimate the changes of the oulput power with ambient conditions. (n order
to use these curves in the computer model, a curve fitting is applied to get the
performance dala in the polynomial forms,

Ambient air is cooled to the dew point temperature which is expressed as a function
of dry bulb temperature and relative humidity [6] as :

tyy = 16.5621In{o) + ty °C (1)

Where ty, is the dew point tamperature (C), ¢ is the relative humidity and ty, is the
dry bulb iemperalure.

The extracted heat from air when it is being ccoled can be evaluated from the
following equation:

g = hg-h, (kJikg) (2)

Where h, and h, are the enthalpies of air before and after cooling respectively, h,
and h, can be evaluated as follows:

h,

1.006 t,, + o, (2501 +1.87 ty,) @)

hy = 1.006 ty, + o {2501+ 1.87 t,) (4)

Where © is the specific humidity of air, it can be evaluated at saluration condition as
a function of lemperature as given i the following formula, [6]:

o =a'EXP{b*t,} (5)
Where: 1, = 1,725

a = 000431815, b = 1.5097
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The operating condilions and detailed analysis of the Li-Br cycle is given by Hamed
(7). Performance of an absorpticn refrigeration cycle using water-lithium bromide as
refrigerant-absorbent combination depends mostly on the existing initial conditions.
For example, The lemperalure of the evaporator is an initial parameter which
specified by the system designer and as a result the low-side pressure of the cycle
could be determined. Two other parameters depend on the ambient conditions, (dry
cooling) are the condenser and absorber temperatures . In systems using a water
cooled condenser and absorber these two temperalures are dependent gn the
lermperature of the available cooling water. After the identification of lhe evaporalar,
condenser and absorber temperatures, the generator {emperature can be
determined.

Analysis of the lhermodynamic cycle of the Li-Br absorption system shows that the
minimum tlemperalure required for generation in the cycle can be expressed as
follows.

tyma = 183.3 X3, + 25.05 X2, - 14.35 Xpyq + 1.2 {t, - 20] + 20.04, °C (6}

Where x,,, (the minimum solution concentration) is given as:
X = 0.4 + 75 x 107 (20 - t,) + 0.008 (t,, - 30) n

Where t t, and t, are the condenser, evaporator and absorber temperatures,

C

respectively.

The rmaximum temperature of the generator is calculated such that the soiution
concentration cannot exceed 0.6 to avoid crystallization of salt in the generator. On
ihe other hand. the minimum temperature is determined to insure adequale heat
transfer to (he generator to start the separation of water vapor

If the cooling ratio of the Li-Br absarption cycle is considered against the operating
temperatures of the cycle, the following approximate relation could be wnitten as:

COP; g = 0.6 [ 3.6631((t.* t * t,,)/ 25} -0.05 + 0.1 {{t,- 5} / 26} - 2.49628]  (8)

Where ;s the generator maximum temperature which is given as
t,= 52+ 1.118(t.-10), °C (9

RESULTS AND DISCUSSION

The absorption cooling cycle performance is presented in Figs. 3 and 4, where the
coefficient of performance which is the ratio between the cooling effect and haat
added o generator is calculaled at different temperatures. Fig. 3 shows the effect of
absorber ternperature on the COP at different evaporator temperatures It can be
observed that, for a constant evaporator temperature, the value of COP decreases
wilh increase in the absorber ternperature However, in the condition of dry cooling,
lhe absorber termperature depends on the ambient temperature Evaporator
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lemperature must be selected to maximize the performance of the overajl power
plant, wherg the reduction of the svaporator temperalure musl increase (he capacity
of the power plant, bul in the same time the COP of the cooling unit decreases.
Therefore, lhe operating cooling temperature must be selected through the overall
analysis of the gas turbine augmented by the cooling system. Also, the effect of the
gesterator temperature on the performance of the cooling cycle is presented in Fig.
4 It can be noticed that the COP increases (o a cerlain maximum value and then
shghtly decreases. However, a temperature comirol can be applied to lower lhe
temperature of heat extracted from flue gasses through low pressure steam
generalor (Fig. 2). Theorstical resulls of the values of COP of the Li-Br absorption
cooling cycle show that COP in the range of 0.6 up to 0.8 can be altained according
lo the operating temperalures. However, actual values of aboul 0.65 can be realized
in this conditions.

Figure. 5 illustrates the annual variation of both the dry bulb temperaturs (DBT) and
dew point temperature (DPT) of the weather condition of Hurghada. According to the
assumption, air will be cooled from the [DBT) to the corresponding (DPT).
Therefore, 1he cooling load of tha absorption cycie will vary through the year
according to the difference between (DBT) and (DPT). The cooling load and the net
power of lhe pas turbine, with and without cooling of ambient atrmosphere is shown
inFig. 6

Power enhancement of gas turbine unit can be observed with application of inlet air
cooling. It must be noled that the increase in power in hot months is limited because
the drop in ambient air temperature is also restricled by the weather condition
specially the relative humidily. However an increase in power output of about 10 %
cah be realized in Juneé as shown in Fig. 7 which indicates the percentage increase
in the power in the diffarent months of the year.

The ioads of the different elements of the absorption cycle (generalor, candenser,
absorber and evaporator) are presented in Fig. 8. As shown, the curves are nearly
pasaltel because the performance of the absorplion cycle in the given range of
ambienl temperalure has a small changes, where the vaiues of COP varies of only
about 5% (Figs. 3, 4).

CONCLUSIONS

Power enhancement of Hurghada gas turbine using Li-Br absorption cooling cycle is
described and analyzed. Theoretical calculations are based on inlet air cooling from
the dry bulb temperature (DBT) up-to the corresponding dew point lamperature
{DPT) The percenlage increase in the powsr oulput of the gas turbine unit is shown
lo be highly dependent on the weather conditions (ambient temperature and relative
humidily) Analysis of the monthly percentage increase in power outpul shows that a
maximum value of enhancement of about 10 % can be realized in Jund. Also, the
performance analysis of the absorption cooling cycle demonstrates the effects of
different temperatures of the units of the absorplion cooling system.
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NOMENCLATURE

constant given in eqgn. (5)
constant given in egn {5)
enlhalpy of air, (kJ/g)

heat extracted from air, (kJ/ kg)
temperature, {°C)

solution Concentration.

SUBSCRIPTS

= —~ 0 oo

ab - absorber

c condanser

db - dry bulb

dp . dew point

e . evaporator

g . generator

max - . maximum

min minimum
ABBREVIATIONS

COP ' coefficient of performance

0BT dry bulb temperature
DPT dew point temperature
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MODEL SERIES 3001
SIMPLEGTCLE, SINOLE. JHAST,
HEAVY-DUTY GAS TURBINE
WITH DIESEL ATART

(LA

Fig.t The Hurghada GE 25 MW gas turbine
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4

whitr lank Recirculaing  pump
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Fig.2 Schematic diagram of gas lurbing plant augmented by
the absorption cooling cycle
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