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ABSTRACT- Recent advances in gas turbine cycles and combined gas/steam turbine
cycles are presented. First and second law analysis of gas turbine cycles is presented
and shows that substantial available energy (up to 30% of fuel availability) is carried
out by gas turbine exhaust gases. This available energy can be utilized for further
heat to work conversion or for direct process heating. Heat recoverd from gas turbine
exhaust gases in heat recovery steam generator (HRSG) can generate relatively
high pressure steam to be supplied to Rankine steam power cycle to form gas/steam
power cycle of high efficiency (40-45%). Steam can be generated at low pressure
in the HRSG for direct supply io the brine heater of a multistage flash (MSF) desalting
system. Possible combination of simple gas turbine cycle or combined gas/steam
cycle with reverse osmosis or MSF sea water desalting systems are presented and
evaluated. The evaluation indicates that most of these combination are more superior
than combination with steam power plants from energy view points.

INTRODUCTION

While prospects to improve the efficiency of steam power plants
{either conventional or combined with desalting system) are very limited, wide pros-
pects exist to improve the gas turbine cycles by better utilization of fuel availability.
Twenty years ago, an open gas turbine cycle was considered a low efficiency machine
with a typical efficiency around 20%, maximum gas temperature at the turbine
?nlet (TIT) of 800°C, and pressure ratie 10. Recent advances in gas turbines technology
improve the efficiency to more than 30% by increasing the TIT to the range of
1000-1200° C with blade cooling and increasing the pressure ratio up to 30. Table
(1) gives the characteristics of some commercially available gas turbines. The table
shows that the efficiency and work output of a gas turbine are strong function of
TIT. An increase of 45°C in TIT would increase the eificiency by 1.25 to 1.5% and
work output by 10%.
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The direct expansion of the high temperature combustable pases in a
- gas turbine avoids the irreversibilities (or availability destruction) u<icoated with
the heat transfer process between the combustable gases and worly, 'id as
steam in steam generators. The ratic of air stream avallability ncrease o

fuel availability in the combustion chamber of a gas turbine 1s in the arder ot
70% {(compared to maximum 544% in modern type steam generators). This can be-
shown by calculating the availability losses in the combustion chamber of a typical
gas turbine using n-octane, Cg H (g liquid_fuel, 700 K inlet air temperature to the
combustion chamber, 230% excess air, 1400°K alr temperature leaving the combustion
chamber, 0.0195 fuel to air ratio, and 5% thermal fosses. The reaction equation

CeH g ()+3.32 (12.5) 0, + 3.32 (12.5) (3.76) N, -
8C02 + 9H2_0'+ 29 02 + 156,04 NZ'

Is used to calculate the entropy Increase/kg fuel. This entropy increase is equal
to 42.3 KJ/kg.K and the ratio of the availability increase in the air stream 1o
the fuel availability is equal to 70% (with 5% thermal losses), The decrease of
the temperature leaving the combustion chamber {or the decrease of TIT) will
increase the availability destruction and lowers the second law efficiency of the
combustion process. '

Beside the 30% of fuel availability loss in the combustion chamber of
a typjcal gas turbine, about 30% of luel avallability is converted to useful work.
The system shown in Fig. |, with a typical data similar te EL-Seuz gas/steam com-
bined plant (1], is considered a reference plant for this study. The plant has 3 gas
turbines (each produces 5.4 MW with 30% first law efliciency) and combined with
a condensing steam turbine which produces 79 Mw. The total power production
Is 233.2 MW with overall efficiency of 44%. The isentropic efficiency of the gas
turbine and compressor were assumed equal to 0.87 and .83 respectively with pressure
ratio 1l. The second law efliciency of compressor and turbine were calculated
and found equal to 90.4% and 92.3% respectively, This gives availability destruction
in both gas turbine and compressor with respect to the fuel availability (including
5% thermal losses in the turbine) equal to about 10%. This brings the availability
balance carried out by the exhaust gases and other unforeseen losses upto the order
of 30% of the fuel availability.

HEAT RECOVERY STEAM GENERATOR FOR HRSG

The exhaust gases from the gas turbines have relatively high tempratures
and are carrying up to 30% of the fuel availability. The availability of the exahust
gases can be utilized for further heat to work conversion or just for heating purposes.
The exhaust gases heat can be recovered in a heat recavery steam generator HRSG
(i.e. boiler). The HRSG is a series of heat exchanger using the exhaust gases to
raise a feed water temperature to its boiling temperature, evaporates it and super-
heats it. Three types of HRS5G are usually used, namely unfired, supplementary
fired and fully fired heat recovery steam generators. The unfired HRSG steam
production rate is completly dependent on the gas turbine exhaust gases flow rates
and temperature. The auxilliary fired HRSG has an auxilliary burner to increase
the temperatures of the exhaust gases upto 900° C; and can modulate the steam
production capabilities irrespective of the gas turbine operational modes. The fully
fired HRSG admits only part of the gas turbine exhaust gases which is required
to generate the desired amount of steam. Unfired and auxilliary fired HRSG only
are considered here.

The steam output from the HRSG can be generated at low pressure
for direct use as a process heat for desalting plants, driving absorption cooling
machines, or other heating purposes. The steam can be generated also at elevated
pressures and temperatures for: (i) expansion in a -cbndensing) turbine of a Rankine
power cycle, or {il) expansion in a turbine with partial {or total) bleeding to a desalter
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before the condensing conditions. When the steam generated by gas turbine exhaust
gases in HRSG is fed 10 a steam turbine of a Rankine cycle, a gas/steam turbine
combined cycle of relatively high efficiency (40-45%) is formed as the system
shown in Fig. |. Table 7 gives the availability of the exhaust gases, work output
from the Rankine cycle when combined with some of the commercially available
gas turbines, and the expected efficiency of the combined steam/gas turbine cycle.

One of the parameters affecting the design of the HRSG is the temperature
difference between the hot gases and the water steam at the pinch point. This
point is located where the hot gases is at the evaporator-economizer interface
as shown in Fig.2.a. At this point, the two streams have the most close temperatures.
Typical design value of temperature difference at the pinch point is 20-30° C. So
the gas leaving the evaporator is at temperature exceeding the steam saturation
by the pinch point temperature difference. Consequently, the gas temperature
and enthalpy drops of the gas turbine exhaust gases depend on the generated steam
pressure (and saturation femperatures). Lowering this steam pressure increases
the pgas temperature drop and increases the boiler effectiveness. The relatively
low pressure steam generated in HRSG (l.e. high boller effectiveness) is suitable
to supply the process heat required by the MSF desalting plants. Typical steam
pressures required for the MSF plants are: | bar for top brine temperature (TBT)
of 90°C (i.e. polyphosphat treatment) or maximum 3 bar for TBT of 120 C (i.e.
acid treatment).

Steam generated in HRSG is supplied to steam turbine to produce more
work when higher power to heat (or desalted water output) ratio is required, If
this steam is supplied at low pressure, low steam cycle efficiency is resulted (but
with high boiler effectiveness) and vice-versa. The measure to improve the steam
cycle eificiency (i.e., raising the steamn pressure} would reduce the HRSG effec-
tiveness. This conflict is solved by using two steam pressure levels in the HRSG
in order to give high pressure for high steam cycle efficiency and low pressure
to keep high elfectiveness recovery botler as shown in Fig. 2b. Economic analysis
is usually required to evaluate the benefits of adding steam power cycle (for more
power generation) relative to the incremental increase in investment compared
with cycle providing heat directly to the desalting plant.

The terms used to rate the HRSG are:
- Effectiveness, [, defined by the fraction of heat content of the exhaust gases
that is captured by the water/steam

E:mgc (t, - 1) =ti-t:~7
My Egg -1 =1,
where t; and t, are exhaust gases temperature at the inlet and exit of HRSG

respectively, ty is the environment temperature, my and C_g are the mass flow
rate and the specific heat of the gases.

2- The second law efficiency defined by

et
m_a .
& 8!
where m , ag; and a (o are steam flow rate and specific availability at HSRG inlet
and outlet respectively, and a is the exhaust gases specific availability at the
HRSG inlet. .

There 1s a minimum exhaust gas temperature from the HRSG to prevent
low_temperature corrosion. If the gas inlet and exit temperatures are 526 C and
155 C respectively, the feed water to the boiler is at 130° C and steam outlet
conditions (to the steam turbine of the reference plant) are #75° C temperature,
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and #3.2 bar pressure, then the effectiveness E is equal to 0.74 and second law
efficiency £ is equal to 0.724. When the HRSG is supplementary fired the exhaust
gases temperature is raised to 800° C while all conditions remain the same, the
effectiveness, E, and second law efficiency & are 4.234, and (.65 respectively.
The data of the reference plant is given in table 3.

COUPLING OF GAS (OR GAS/STEAM) TURBINE POWER PLANTS WITH DESALTING

PLANTS.

Desalination became the main source of iresh (potable) water supply in
many parts of the Arabian Peninsula where more than $4% of the desalted seawater-
world wide-is produced. Multi stage flash (MSF) and reverse osmosis (RO) are the
main sea water desalting systems used in this area. Most of large MSF desalting
plants are coupled with steam power plants to satisfy rhe simultancous needs of
electric power and desalted water. Another reason for coupling is the decrease
of the primary energy demand from (210-310 K1/kp product water) for single purpose
MSF system to (100-160 Kl/kg product water) lor dusl qpurpose steam plants. At
the same time, large portion of the electric power production is (or planned to
be) produced by gas turbines. Only few cases exist in the Lol area where desalting
plants are coupled with gas turbines. The coupling of desalting plants with gas
turbines seems interesting because of the recents developments in the gas turbines
and the combined gas/steam cycles high performance and the lact that free thermal
energy is offered by the gas turbine exhaust gases. It may be noted that cnergy
cost represent about 60% of the total cost of the desalting seawater In 1930, Wood
[2], in oil importing countries. (The energy costs in most Gulf countrics are subsidiz-
ed by governments and do not represent the real costs). Since coupling of desalting
systems with gas turbines is not famillar, some basic schemes for such coupling
are presented here with emphasis on MSF and RO technologies. The prelerence
of one scheme over another would depend on many lactors such as the required
power to water ratio, cost of fuel energy charged to the desalting process, capital
costs, and local regquirements. The application of each scheme s demonstrated
on the reference plant given in Fig. l. Desalination plants of same characteristics
are chosen with each scheme for meaningful comparison at the ends. These desalting
plants are:

(i)  Multi stage flash (MSF) units having: (a) gain ratio (product/steam ratio) equal
to & when operated at top brine temperature (TBT) of 90" C and supplied with
steam of 100°C saturation temperature, or
(b) gain ratio 877 when TBT is 110 C and the saturation temperature of the
supply steam is (20° C. This is a typical case of Doha West MSF desalting
plant with 24 stages and dealing with sea water of 45000 ppm TDS.

(iiy Reverse Osmosis (RO) desalting units with energy cosumption of: (a) 10.5
Kwh/m® product when dealing with sea water of 45000 ppm to produce product
of 1000 ppm in a single stage ; or
(b) consuming 13 Kwh/m’ product when dealing with the samme scawater to
produce product water of 500 ppm in two stages. This is a typical case of
Jeddah, RO sea water desalting plant in Saudi Arabia that produces 3.2 mgd.
The estimation of the energy consumption of the RO Jeddah plant data are
given in reference [3] and reproduced in Fig. (3). Now the suggested schemes
are given in the following sections.

I- COMBINED GAS/BACK PRESSURE STEAM TURBINE WITH MSF DESALTING
SYSTEM.

This scheme, as shown in Fig. 4, is the most efficient scheme in utilizing
energy. It permits the proper use of the higher temperature part of the waste
heat in raising relatively high pressure and temperature steam and expands it to
~ive work before its supply to the desalter. The steam is expanded in the steam
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turbine to a back pressure of 2.1 bar before its supply to the desalting plant. The
supply of all expanded steam to the desalting plant cancels the need for the con-
denser and its associated civil works, and the need to huge and expensive low pressure
part of the steam turbine. This reduces the cost of both mechanical equipment
and civil work. The use of the back pressure turbine reduces the steam turbine
output (when compared with condensing steam turbipe, case of Fig. 1) but desalted
water is produced. The main data of the reference plant when the condensing turbine
is substituted with back pressure turbine to allow the sddition of MSF desalters
are given in table 3. The table shows that the mechanical work loss due to bleeding
of steam to the desalter is equal to about 38 KIJ/Kg of desalted water product.
The desalting plant is charged the fuel cost corresponding to power decrease due
both bleeding and power consumption by the MSF plant.

2- (S:(Y)gl’lpléuED GAS/CONDENSING-EXTRACTION STEAM TURBINE WITH MSF-

If the steam turbine power output requirement is ranged between the
case of condensing power plant (i.e. 78,9 MW n the reference plant) and that
of back pressure turbine case (52.4 MW), a condensing steam-extraction turbine
can be used. In this case, shown in Fig. 5, only part of the steam expanding in
the turbine is bleeded to the desalter (at pressure of 2.1 bar) while the rest of
steam continues its expansion to the condensing condition, Consequently, a condenser
is required {but smaller in size than the straight forward condensing turbine case)
and less desalted water is obtained. The ratio of the bleeded steam to the steam
inlet to the turbine is the main factor affecting the steam turbine power output
and the desalting capacity as shown in Fig. 6.

In cases when no power output is needed beyond the gas turbines power
output and all the energy extracted from exhaust gases is utilized in desalting
water, two possibilities exist.

3- COMBINED GAS/BACK PRESSURE STEAM TURBINE WITH HYBRID RO AND
MSF DESALTING SYSTEMS.

The back pressure steam turbine arrangment discussed before is used
here. While the steam leaving the back pressure turbine supplies MSF desalting
units, the steam turbine power output operafes reverse osmosis desalting units
(see Fig. 7). The capacity of MSF units is the same as the case of the back pressure
turbine discussed befere. The capacity of RO system depends on the required product
total dissolved solids (TDS) Usually an average total dissolved solids TDS under
500 ppm is required for the product from all involved desalting systems according
to WHO (World Health Organization). Since the MSF desalter product is almost
pure (less than 30 ppm), then a single stage RO units plant producing a product
of 1000 ppm and have the same capacity of the MSF is usually used. The product
of this one stage units is blended with the MSF unit product to give a mixture
product having TDS equal to 500 ppm.

Another two stage RO units desalting plant with product of 500 ppm
can be used to utilize the balance of the steam turbine power output. By using

the power consumptions rates given before for the single and two stages RO systems,
and the power outputs of the back pressure steam turbine for unfired and supplemen-

tary fired cases, the desalted water output would be 1739 kg/s (33 mgd) for unfired
and 3010 kgfs (90.4 mgd) for supplementary fired cases as shown in Fig. 7. and
tabulated in table 4,

It may be noticed here that if straight forwared condensing steam turbine
is used and all its power output should drive a two sigae RO systems and the total
desalted power output would be 1688 Kg/s (32 mgd) for unfired case and 2912
kgi/s (55.19 mgd) for supplementary fired case, This is corresponding to power
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output of 79 MW and 136.32 MW for unfired and supplementary fired condei . .g
steam lturbine respectively.

4- GAS TURBINE WITH HRSG AND MSF SYSTEM.

In this case no more power, beyond the gas turbines output, s requnred.
All exhaust gases energy is utilized in producing the low pressure steam required
by the MSF system (see Fig. 8). So, the HRSG has a simple one stage pressure
with no super heater section. This also cancels the steam turbine, condenser and
all auxillaries of the steam power cycle from the reference plant. The desalted
water output from the MSF plant for this case is 1000 kg/s (18.95 mgd} for unfired
HRSG or 1660 Kgfs (3.4 mgd) for supplementary fired HRSG. The mechanical
energy consumption for the 1895 mgd and 31.4 mgd are 14.0 MW and 23.24 MW
respectively. This scheme low water capacity compared with that of back pressure
turbine schemes reflects the fact that the relatively high temperature exhaust
gas is used to generate low availability steam f{and consequently low second law
HSRG efficiency). The second law efficiency of the HRSG when the steam is supply
directly to the desalter and to the steam turbine conditions are:

Water inlet Steam out Hot gases temp.

Condition Temp./Press.  Temp/Press. inlet/outlet £
“C/bar "C/bar C

Supply unfired 525[155 0.72
to S. fired 136/50 475/42.5 800/155 0.65
turbine
Direct unfired 525/155 0,40
<upply 120/2.0 120/2.0
1o de- S. Fired 8004155 0.36
salter

The decrease of the desalted water should be welighted against the extra cost
of HRSG with superheater and two pressure levels, and the cost of the steam power
plant.

5- SINGLE PURPOSE DESALTING PLANT

An interesting situation, specially for Kuwait, Is to use the gas turbine

{with or without its combined steam turbine) to supply the net work with its power
production at the peak demand time only. This time lasts only for few hours at
small number of days during summer. Then the gas turbine power output can be
devoted, most of the time, to operate a reverse osmosis desalting plant. This scheme
would relief in the long run, the desalting producers from being dependent on the
electric power producers to lower the specific fuel energy consumption of desalted
water. The gas turbine power production of the reference plant (3x 51.4 MW} would
be able to produce up to 3295 Kgfs (62.4 mgd) desalted water of TDS equal to
500 ppm from two stage RO plant. If the exhaust gases were used also to produce
desalted water from MSF system (scheme &), one and two stages RO plants can
be used and the total product would be:
(i) 1000 kg/s (18.95 mgd) from MSF plant
(i) 1000 Kgfs (18.95 mgd) irom single stage RO plant, and
(iii} 2128 kglfs (28.26 mgd) from two stage RO plant. The total plant production

would be 4188 Kg/s (79.3 mgd). Similar calculation can be made with gas
turbine combined with back pressure steam turbine and whole system is devoted
to produce desalted water only. The total power production for scheme 2 with
unfired HRSC is equal to 5034 kg/s (95.38 mgd) as shown in Fig. 9.
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SPECIFIC FUEL CONSUMPTION OF THE DESALTED WATER WITH DIFFERENT

SCHEMES.

Among the important parameters in desalting sea water is the fuel energy
consumption to produce a unit mass of desalted water, Q/D. The calculation of
fuel amount {or cost) charged to the desalter when both power and desalted water
are produced in one plant is not dirrect. One of the methods used to allocate the
fuel charged to power production to water production is the availability method.
This method can be illustrated by dividing the fuel consumption (or cost) between
the power and water in accordance to the available energy consumed by each product.

The available energy content of the exhaust gases represents about 253%
of the fuel availability. So, the gas turbines consume in producing power and other
losses about 75% of the fuel availability while the 25% of the fuel availability
is utilized in whatever produced beyond the gas turbines. If the exhaust gasses
15 utilized to produce only desalted water, then the ratio of charging the fuel
consumption to the power production and production water should be 75/25. So
for simple gas turbines, HRSG, and MSF arrangement {(scheme 4), the 526 MW.thermal
energy input is divided to 394.5 MW to power production (actual ! = 0.4 not 0.30)
and the balance [31.5 MW to desalted water, This gives the specific fuel consumption
in KJ per kg of distillate product equal to 131.5 Kl/kg for thermal energy only.
When combined gas/back pressure steam turbines are used with hybrid MSF/RO
desalting system, specific fuel consumption for desalted waer is 75.1 KJ/kg. Other
cases are tabulated in table 5 which compares the different schemes. The specific
fuel energy, tabulated in table 5, for desalting water includes both thermal and
mechanical energy consumptions.

CONCLUSION

When the reference MSF desalting plant was combined with modern steam
power plant in the first paper [4], the primary (fuel} energy consumption was
calculated and shown equal to about 150 Kl/kg product. Combining the same plant
with gas/back pressure steam combined cycle required fuel energy of 86.5 -Kl/kg
product only. A combination of MSF/RO system with the combined gas/steam cycle
requires, even less fuel energy (about 75.6 KJ/kg product or 50% of the fuel energy
required in dual purpose steam plants). In all presented combinations with gas
turbines, except with direct use of recovered heat with and without supplementary
firing to MSF system), the primary energy consumption is lower than in combination
with steam cycle. The use of back pressure steam turbine and unfired HRSG is
the most efficient combination. Beside the efficiency of proposed combinations,
they give more flexibility in changing power to water ratio and loose restrictions
on operation of both desalter and power producers turbines.
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TABLE 1*
Base Load Gas Turbine Data Conditlons

Type GE (1) ROLLS-ROYCE GE Westinghouse GE BBC#*
LM 2500FPE R-B 211 C LM 5000 A 501 - D PG 7111E E
Shaft QOutput 22.01 25.36- 32.47 103,47 77.35 51.4
MW
Cycle effi- 37.0 36.4 37.4 33.4 32.3 30.0
clency % LHV
Cycle Pressure 18.7 20,0 30.0 14.0 11.7 11
ratio
Air Flow Kg/s 66.9 89.0 120.2 323.3 274.4 216
Speclflc work
KI/kg air 328.9 285.12 270.3 284.7 281.9 238
Turbine Inlet
temperature 1212 1162 1156 1107 1104 1127
TIiT, C
Exhaust Tem- 513 475 4325 521 538 525
perature C
Exhaust excess 226 210 302 241 232 230

air percent

*# 1.G. Rice, on discussion of : M.A.EL Masri "On Thermodynamics of Gas Turbine
Cycles, Part II, Trans. ASME, Journal of Engineering for Gas Turbines and
Power, Vol. 108, Jan. 1986, pp. 160 - 169.

*% Calculated

TABLE 2:
Characteristics of Some Commercially Avallable Open Gas Turbine Cycles with
Utilized Exhaust Gases for Process Heat or Combined Gas/Steam Turbines*

GE GE GE Westinghouse

Type LM 5000 PG 6521 BG 7111 501 - D,
Gas turbine power output, MV 32.67 35.86 75 101.41
Efficiency Percent, HHV 35.34 30.28 31.65 32.75
Exhaust gas temperature, C 425 549 540 521
Exhaust gas flow rate Kg/s 122,14 135.71 274.11 360.8
Available energy of exhaust

gases, MW 19.87 31.64 52,24 17.32
Percent of exhaust pases

avalilability to fuel

availability X 21.4 26.7 26.27 24.97
Rankine Steam Power cycle :

output, MW N/A 12.24 24.4 38.32
Combin&d Power Output

per ofe gas turbine N/A 48.10 99.30 139.73
Combifiid Cycle efficlency

pefﬁ‘ﬂt NiA 40,62 41.9 £5.13

A Ddta taken from A.I. Kalina “Combined-Cycle Steam with Novel Bottemlng Cycle"
frans. ASME., Journal of Englneering for Gas Turblines and Power, Vol. 10§,
Qct. 1984, pp. 737-742. '



Mansoura Engineerng Tourpal (MEJ | Vol 12, No. | June 1987 M, 61

TABLE 3:
Reference Combined Gas/Steam Flant with and without modificatlions
for desalter combination

Gas Turbine

Type of fuel No. 2 oil
Number 3
Electrical output, 3 x 51.4 MW
Rate of heat input, 526 MW
Exhaust gas flow rate 3 x 216 Kg/s
Exhaust temperature 526
Thermal Efficiency 30%

- Boilers Unfired Supplementary fired#*
Number 3. 3

- H.P. Steam Flow 3 ox 26.3 3 x 45.8
H.P. Steam Pressure, bar 43.2 43.2
H.P. Steam Temperature, C 475 475
Feed Water Temperature,C 120 120
Exhaust Gas Turbline Temp.,C 525 800
Exhaust @Gas Outlet Temp.,C 155 155
Supplementary henta',l-lw 0 187.1

Steam Turbines

Unfired Supplementary fired

Type Condensing Back Pressure* Condensing B“ghre*
Humber 1 1 1 1
Electrical Output MW 79 52.4 136.32 90.42
Exit Pressure, bar 0,076 2.1 .076 2.1
Cooling water requirement, Kg/s  345.0 none 6000 ° none
Process steam to desalter,Kg/s nene 78.9 nons 137. 4
Overall efficiency L4 3 40,74 -
Desalted water output,Kg/s(mgd) 0 693.3(13.17) - 1207 (22,86
Mech. Energy loss/kg distillate, ~t==

KJ/Kg - 38.38 - js.02

* npot included In the reference plant: values are calculated.:

TABLE 4

Desalted Water Qutput from Hybrid MSF/RO Desalting System and Back Pressure
Steam Turbine (Scheme 3). /

RO RO
MSF Single Stage Two Stage Total
g (1) Unfired

Product Kg/s (mgd) 693.3 (13.1:7) 693.3 (13.17) 352.6 (6.68) 1739.2 (31}
Mechanical Power !

Consumption, MW 9.7 26.2 16.5 52.4
{2) Supplementary Fired
Product Kg/s (mgd) 1207 (22.87) 1207 (22.81) 596.1 (11.29) 3010 (57)
Hechanical Energy

Consumpt fon - 16,9 45.62 27.9 90.42

* Mechanical power consum Eglona HSF are caicuiited by assuming specillc
energy aonign@tion for MSF aqqq 5: -

e i AT - N T =




Darwish , M. A., EL-Hadik,A. and Dayoub, A.

M. 62

"SIS0WS0O 3EIHADI - QU  J0jeJEdp - YO  'J25uUspuos - g3 ‘HSHH peit) Alejmamarddns - HSHE'S
‘(palitFun) Jcimisuad meaas LI540293 1wy - OGHH ‘surqang weais aansssaxd yoeq - 1§°f-'sUiginy weais - 1§ ‘surgqany sed-3n
T 9'G62T (£ 6L)88TF ¥d * DSHH
‘ S %01 zs - - 9ge YH (8L °S6G)TFEOS - 0Y¥AASH ¥a '1s'd *OSuH A BWAYDG
|
7 6°L1% 1°£9g 216 [¢]:3 T°E€IL A (0P "1£)0991 2 0FT 8N dd DSdH 'S
| A1 ameysg
| €491 £291 Z1°6 L"BGE 9gs EB TV (oe 810001 2°0PT A8NW 4a ‘DSuH :
8 80T 9'g1c 1z°6 S ¥BE T°glL €T vl (Ls)o10¢€ 27851 QU/ I8 ¥a ‘lg°g ‘OSYH'S
111 smagag
9°64 STTET 12°6 S b6t 9eg £9°%2 (celeeLt Z°v81 0¥/dSH ¥g ‘ls°8 ‘9suH
P EB L7211 GER'B ¥ 009 T'¢1L £°9¢ (98" 22)L021 LI 4t d5W 40 '1ls'g 'DS¥H'S
1 amayosg
j 6 98 08 ZT'8 99% 9Z¢ 8°7z8 (LI'ETI)E"E£6D 9°902 ASHN dq'1s'd ‘OSHUH
v '8 9z8 . . ‘is H i
¥N N 4 4 YR (AR AN ¥N ya qao sy pautqmoy
i ¥R 82" 2T = 9z¢ VN ¥N Z PST VN auon &1uc 1o
AW
mx%x.mcomlnmmHmdmea o Ecdmuaom wW Twea/umy T TTTTTTemTTTETT T ot Tt =
£ d
| £2xouy 03 umi/ Py 03 anduy ST (pSw)s/9% M 2dAy - 872k surqIn
Teng-dg padaeyd 23ed podJeyd jBay Iazem 1a3em  Indino
- I231€83Q poppe 1msmdinby §9WAYDS
1e8R 180l 1gay 1E2H 1830], 01 Jamog pajlTeFag aamod
|
JueBld §3UTQANL SBD £ aouaxazay oyl Jursp sswaydg poaissding eyl Jo uosyiIvdwo) 15~ 31qQel



63

M,

I, June 1987.

Mansaura Unpneering Journal (MEJ) Yol. 12, No.

4ANd a3I3d ¥3ITI0d 471

— 9

HoLv¥y3g

JsSET = L
1wq 1T°E

LNVId ANIGYNL WYILS/SVD ITOAD QINIGWOD FONIWISIE "1 "OId

4WNd UISNIANOD

14
B30 1ovC

¥ITI0E A¥HAODEY LviH -¢

Bl
1&&

HOLYHINID
ANIEHNL WYILS

A% POF = d

SL0'0 = d

D5 0Lk
awq gy
8/3% 6°8L

21828

/3 x
/3N 91T * € HOLVHINID
SYD _1ENVHXZ ZINTHEAL SYD

WyaLs 41

S G551

WYILS dH

T owH|p1sxe

H1¥
€/3% 91 X [

“N 9Z5
yhdul 1ang




LS

«

TEWRFERATURE

M. 68

830
e e = 57.8 bar, TI3 TK, Stess
—_—
750 2 bar, Zrtosm Ti T
EFFECTIYENESS w ‘—_—_—T"
L
[Eiv]
30
N T,
450 EVAPORATOR T3 ™
Ecancaizer
350 | - 1 I |
=} ol 40 &0 Bd 130
1 EKERGY FRECOVERED
FIG 2 (a), TEMPEHATURE RELATIOHSHIFS

RECOYERY BOILER

EWEAGY REQUIRED

TO GIVE 300 ppm PROBUCT
v

FIRST STAGE RECOVERY

PARTIAL TWC STAGE

SOT.

~
[

R FIRST STACE

N FEED - 40000 gLl
= FRESSURE 37.8 Atm
* .
ol TEMPERATURE 30 *C

SECOND STAGE
FRESSURE 30.6 Atms
BT 441 AECOVERY

ut

Energy aequ\rqdfﬁm Efficiency
S
I

4] 10 20 30 40 50 1]

F1ge, 1

UNFIRED NEAT

K

TEMPERATUARE -

B2Q

%50

50

Drawish, 8M.A., EL-Hadik, A. and Dayoub, A.

Eperpy Required nt 60% Erfficiency

L L B 1
o 26 0 60 89
% ENERGY RECOYERED
FIG, 2 (b)  TEMPERATURE RELATIONSHIPS
USFIRED HEAT RECOVERY BOILER
ENERGY REQUIRED
_
32 TO GIYE 100G ppm PRODUCT
e,
{ FIRST STAGE WATER RECOVERY
PARTIAL T#O STAGES
35" FIRST STAGE FEED 40,000 Wrsb
PRESSURE 57.8 Ate,
TEMPERATURE 30 ® ¢
20 SECOHD STAGE
3 PRESSURE 30.6 Alm,
87 51 RECOVERY
ITh
[ o
5k
[+ 2 n i PR
6 10 20 30 40 0 50

ERERGY CONSUMPTIOH OF JEQOAK - N0 PLANT, { REF. 1]

. TWO- PRESSURE LEVEL



Mansoura Engineering Journal {MEJ) Val. 12, No. L June 1987, M.65

154.32 ¥¥

g, =0 BH B
{187 .1}
FIG. 4: COMBINING GAS/BACK PRESSURE STEAM TURBINE WITH MSF PLANT }
(Scheme 1)
/q = 526 MW
/
- — e ) 15407 uw
STEAM TURBINE
il 4 —5%.4 - T MW
HHSG
) P
A
s us¥ D=0- 13.17
= mzd

FIG. 5: COMBINED GAS/EXTRACTION-CONDESNING STEAM
TURBINE WITH MSF (Scheme 2}




M. 66

Darish,M.A. EL-Hadik, A. and Dayoub A.

75

4 120
74 b
a L k - 660
T L p A 600
i ] 540

480

2

52

2

2
T
MSF Desslting Plant Output in Kg/s

ui‘ v, Mb/M1

Steam Turbine Pawer Output In MW
T
L

P S A MA(Kg/nec) v, Mo/ | s
s2 | Yz
o ] I T 1 1 L L I s &0
0.1 0.2 0.3 0.4 0.5 0G.8 07 0.8 0.9
LLTE Y
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