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The Suction Air Cooling Gas Turbine with Vapor

Compression Refrigerator¥*

( 3rd Report, On the Preformance at the Partial Load )
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The authors analyze the performance
turbine

suction air cooling gas

at the partial load of the

cycle with a vapor compression

refrigerator. The partial load is adjusted by changing the inlet gas
temperature of the turbine, keeping the number of revolutions of the
turbine and the flow rate of the inlet air of the air compressor in a

constant state.

The analytic results

show that the gains in thermal

efficiency and specific power at the partial load are 1in the same
degree as at the design point, and that this cycle can suppress a

variation of the performance

temperature at the partial 1load as

compared with conventional cycle.

1. Introduction

At present, the development of technol-
ogies concerning energy saving is an impor-
tant social subject of research awaiting
solution. As one of various measures for
energy saving and at the same time taking
into consideration the siting difficulties
of a large thermal power plant, adoption of
an on-site small comprehensive plant system,
of which the main prime mover is gas turbine
etc., has been proposed and in parallel with
this investigations have been carried out
from the standpoint of environmental protec-
tion and economy. In spite of its many
advantages, the gas turbine considered one
of the main prime movers for such a total
energy system has only a thermal efficiency
inferior to those of steam prime mover and
reciprocating internal combustion engine and
the variation of its performance is disad-
vantageously remarkable under a change in
the atmospheric temperature. Thus the cycle
of a gas turbine must be imporved to be used
as a main prime mover in the above-mentioned
system.

As one of methods for reducing such
disadvantages of gas turbine, the authors
have proposed a cycle of cooling the suction
air with a vapor compression refrigerator.
In the perceding 1st® and 2nd® reports,
the general characteristics and the optimum
point of the cycle were thermodynamically
investigated, respectively, and it was dem-
onstrated that in comparison with any con-
ventional cycle without suction air cooling,
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caused by a change in atmospheric
well as at the design point,

this cycle can improve considerably both the
thermal efficiency and the specific power
and further mitigate any performance vari-
ation caused by a change in the atmospheric
temperature. From the standpoint of plan-
ning and utilizing a cycle like this, on

the other hand, it is also important to in-
vestigate, besides the performance at design
point, the variable-load, that is, partial
load performance.

The authors have here investigated the
partial load performance of a suction air
cooling gas turbine cycle with a vapor com-
pression refrigerator and confirmed that
according to this cycle, it is possible even
under partial load to obtain gains of the
same order as those in thermal efficiency
and specific power at the design point in
comparison with a usual uniaxial regener-
ating open cycle, it is possible to mitigate
the performance variation caused by a change
in the atmospheric temperature and there is
no remarkable difference of the general
tendency under partial load from that in a
conventional cycle, where the suction air is
not cooled. These results are described in
the following.

Nomenclature

7c : adiabatic efficiency of air compressor

7r : adiabatic efficiency of gas turbine

7ce : adiabatic efficiency of refrigerant
compressor

7» : mechanical efficiency

7»s ¢ combustion efficiency

7ex : temperature-efficiency of regenerator
: temperature-efficiency of cooler

: thermal efficiency

: power, kg m/s

specific power, PS/kg/s

quantity of heat per unit time, kcal/s
quantity of heat per unit mass per
unit time, kcal/kg/s

oMb~ T
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J : mechanical equivalent of heat,
kg m/kcal
A : thermal equivalent of work, kcal/kg m
h : specific enthalpy, kcal/kg
s ¢ specific entropy, kcal/kg °K
¢, : specific heat at constant pressure,
kecal/kg °K
x : ratio of specific heats at constant
pressure and volume
m : molecular weight, kg/kmol
K : coefficient of overall heat transmis-
sion, keal/m? h °C
a : heat transfer coefficient,
keal/m? h °C
B coefficient of performance
G: flow rate of working fluid at gas
turbine side, kg/s
Gr: flow rate of refrigerant, kg/s
R.: Reynolds number
P : Prandtl number
B : loss rate of working fulid
P : pressure, kg/cm? abs
¢ ¢ pressure ratio
& : loss rate of pressure
T : témperature, °K
t : temperature, °C
% : universal gas constant, kg m/kmol °K
R. : gas constant of air, kg m/kg °K
v : evaluation function for cycle Eq.(35)
I; : factor of v
/'t fuel-air ratio
Subscripts
C : air compressor
CC : combustion chamber
T : turbine
EX : regenerator
R : refrigerant
a air
g9.: gas
CR : refrigerant compressor
E : evaporator
F : condenser
SA4: with suction air cooling ( suction air
cooling cycle )
CON : without suction air cooling ( conven-
tional cycle )
D : design point
P : partial load

Fig.l h-sdiagram of the gas turbine
cycle with suction air cooling

opt s optimum point
ad : adiabatic change
st : saturation state
Ref : reference value
ab ¢ mean value between a and b
x: ratio to the value at the design point

2. Constitution of the cycle

The authors here utilize a cycle ar-
rangement, similar to that in the 1lst report.
This cycle is a combination of a uniaxially
open gas turbine ( 1/C/E ) with a vapor com-
pression refrigerator ( refrigerant R-22 ).
Fig. 1 shows an h-s diagram of the gas tur-
btine and Fig. 2 a P-h diagram of the cooling
system. Suction air to the air compressor
is cooled from the atmospheric temperature

to to h by an evaporator based on the di-
rect expansion system, that is, a suction
air cooler. Load regulation will be carried
out by changing the inlet gas temperature of
the turbine #, the rotation frequency of
turbine and the air flow rate at the inlet
of the air compressor being kept constant.
In Figs. 1 and 2, the number of each part
refers to the following :

0 : the atmospheric condition

1 : inlet of the air compressor

2 : inlet on the air side of the regener-
ator

3 : inlet of the turbine

L : inlet on the gas side of the regener-
ator

5 : inlet of the combustion chamber

6 : outlet on the gas side of the regen-
erator '

1' : inlet of the expansion valve

2' : inlet of the suction air cooler

3st': outlet of the suction air cooler

3' : inlet of the refrigerant compressor

4' : inlet of the condenser

3. Fundamental equations of the
cycle

Fundamental equations are laid down
under the following conditions of cycle for-
mation :

(1) The specific heat at constant pres-
sure and the ratio of specific heats of
working air and combustion gas depend on the
temperature and the composition® .

(2) The rotation frequencies of turbine
and compressor are constant.

(3) The inlet air flow rate and the ad-
iabatic efficiency of the air compressor are
constant.

h
Fig.2 P-h diagram of the cooling system
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(4) Various quantities concerning the
turbine follow the ellipse law®.

(5) The refrigerant compressor used is
a turbo compressor, of which adiabatic effi-
ciency depends on the compression ratio and
refrigerant flow rate.

(6) The combustion and mechanical ef-
ficiencies are constant.

(7) The loss rate of pressure and flow
rate in each section of the cycle is con-
stant and heat loss of the system is only
in exhaust gas.

(8) The heat-transmitting areas of the
regenerator and the suction air cooler are
constant.

(9) As refrigerant, R-22® is used, it
is superheated by 5°C at the start of its
compression and subcooled in front of the
expansion valve and the enthalpy at the
starting point of evaporation is equal to
the value at the wet saturation point on the
condensation side.

(10) The temperature of refrigerant con-
densation depends on that of the atmosphere
( of the cooling water ).

3.1 Fundamental equations concerning
design points

A representative pressure ratio ¢ on
the gas turbine side is defined as follows

Gz Ps/ Py eveesevsrerniniiireee s (1)

When the pressure loss of working fluid
is included, the compression ratio of air
compressor ¢c and the expansion ratio of
turbine ¢r can be written as follows

, P, 1
[N i SRS Sy U PP RUPR PN 2
9= B, = —eumn) 2
Py (1—en,Ex,0a—¢1,0C)
48 A TELELaTELCC) g (3
ér P, (1+61,5x,0) ()

where & is the loss rate of pressure, which
is given, from the pressure 10ss 4P shown in
Fig. 1, by the following equations

et.ma=(Po—P1)/Po=APr,o/ Pa,

&1,5x,0=(Pe—Ps)/ P2= 4Pgx ../ P2 }
ei,cc=(Ps—Ps)/Pe=4Pcc/ P,

&1,8x,0= (Pu—Ps)/ Py=4PEx.s/ Py

The flow rates in each section on the
gas turbine side G and of the refrigerant
compressor Ger are defined as follows

Ge=G.(1—Bc/2), Gex.e=Ga(1—Bc),  Gec=Ga(1—Bc)(1+S)
Gr=G.(1—Bc)(1—Br/2)(1+f),  Grx,s=G.(1—Bc)(1—Br)(1+S)
Ger=Gr(1—Bcr/2)

where G. and G are the flow rates at the
inlet of air and refrigerant compressors, g
is the loss rate of flow given by the fol-
lowing equations and f the fuel-air ratio

Bc/2=(G:—Gc)/Ga,  Br/2=(Gcc—Gr)/Gee,  Ber/2=(Gr—Gcer)/Gr

e (6)

The temperature at each section on the
gas turbine side can be determined by each
of the following equations :

Te=Ti {1+ ($c*2—1)/7c)
To=Ts(1—(1—1/grs)71) -
T5=T2+(TA—T2)77EX .............................

«(7)

Tg:—*?i@(Ts—Te)'f'Tn .............. (10)
EX,¢Cot6

where M is given by either of the following
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two equations, in which the suffix, for ex-
ample, 1z means a mean value between the
positions 1 and 2 :

M= AR, /¢yi3, M= AR/ m3icpss ~roeeeeeene (11

Based on these flow rates and tempera-
tures, the power and the quantity of heat in
each element of gas turbine can be obtained
from the following equations
Power of air compressor : Lc

Le=JGcepia(Te—T1) /G worerremsmmemeessnees (12}

Output of gas turbine : Lr
L= JGrcpga(Ta—Ty) D wooevesneennesnesnnssnes (13)

Quantity of heat for heating : Qcc
Qcc=Gecepi(Ts—Ts) /Mg woeeerserenssnscsesss (14)

Assume the following relations between
the temperature of cooling water t and that
of the atmosphere # as well as between the
temperature of refrigerant condensation tr
and that of cooling water and assume these
relations hold even under partial load :

t.,=ito+5, Fp =ty 100 eeeeeriaiaeiainnns (15)

3
The evaporation temperature -Ts can be deter-
mined from the following equation :

Tgm=To— (To—T1) /PRssreesvessnesssnsssissanes (16)

Based on Fig. 2, the refrigerating capacity
gz and the coefficient of performance ¢ can
be expressed as follows

qr=is’ —ir' =ise’ —t10’ =(Go/GR)CH (To—T1) =ooor 17)

e=qr/(id —is’') =qr/ {($saa’ —is’) /YR +rereresmeseeenes (18)

The power of refrigerant compressor Lcz is
given by the following equation :

Lor=JGrR(1/€)/Nm weveesesesesssssussssenes (19)

From the above-mentioned various equations,
the specific power Ls and the thermal effi-
ciency 7 of the suction air cooling cycle
can be calculated by the following equations:

Ls=(Lr—Lc—Lcr)/(75Gs)
n=A(Lr—Lc—Lcr)/Qcc
Determine the heat-transmitting area of
heat exchanger. On the assumption that it
is a counterflow-type regenerator, its heat-
transmitting area A4sx is given by the fol-
lowing equation :

wee (20)
e (21)

Gex,a€p3(Ts—T2)
Kgx dtn,£x

Arx=

where X and J4t. are the coefficient of over-
all heat transmission and the logarithmic
mean temperature difference, respectively,
and given by the following equations

Ksx=1/(1/azx,a+1/as)
Atmgx= {(Ts—Ts)—(Te—T2)} / log. ((Te—Ts)/(Te—Tz2)} oo (24)

When the suction air cooler is also
counterflow-type, its heat-transmitting area
Ar 5 its coefficient of overall heat-
transmitting area Kr and its logarithmic
mean temperature difference 4ts,z can be ex-
pressed as follows

Ap= Gacpoi(To—T1)
Krdtm,r

Kr=1/(1/aR,e+1/ar)

Ao r=(To—T1)/log. (To—T&)/(T1—Ts)}

eeresesesststetenseaseersasasestesesesseratatenasasassant (25)
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3.2 Characteristic equation under par-
tial load
Based on the ellipse law, the expansion
ratio ¢r and the adiabatic efficiency 7r of
gas turbine can be written as follows

1,0 =V Ts,0/ T3, 0—T5,p(L—L/ BT, D) ++ereereererresseseruranas
yr,p=7%7,0 {1—0.5(v ALr,p/AL7,p—1)%

Assume that the adiabatic efficiency of
refrigerant compressor 7cz follows the fol-
lowing equation, obtained by a functional

approximation of the characteristic curve ©

B (=(Re=D* (3 . _ Ry wveeseeeens
Tomp=ern "G p gy (7 (YReED RN}‘/R“ 30
where

Re=Gerp/Gerp, R)v=RR°“"/”(¢R,P/‘¢R»D)n.“ .......................... (31)

In the above-mentioned equation (31), ¢= is
the comprssion ratio of refrigerant compres-
sor and can be expressed as follows

PRI=PY /Py oeveereiese sttt (32)

Using McAdams' equation concerning
forced convection and taking into considera-
tion that the fuel-air rdatio of working
fluid is low, the authors assume that the
heat transfer coefficients asx. aex, and az.
on the air and the gas sides of regenerator
and on the air side of suction air cooler,
respectively, are expressed by the following
equations

QEX,0,P=EX,0,0(Re,p/Re.0)**(Pr,p/P;,p)"*
agx,0,D{(Ts+ T2)p/(Ts+ T2)p)?

aEx,0,P=aEX,0,0 ({Te+Te)p/(Ts+Te)p} *-*

R0, P=aRa,D ((To+T1)p/(To+T1)p) *-®

Assume that the relation ® of the heat
transfer coefficient ar on the refrigerant
side of suction air cooler with the heat
load of refrigeration ¢z is given by the
following equation

.+(33)

QR P= R, D(GR, P/ R, D) 1B eeosrriesaistisiintet sttt (34)

The influence on the behavior under
partial load may be represented here with
arqpr » Decause the scale factor due to
frosting on suction air cooler depends re-
markably on the time and operation system
and the object of the present research con-
sists in investigating the change in per-
formance of the cooler under partial load.

The temperatures of air and of gas at
the outlet of regenerator are taken to be T
and Te satisfying Eq.(22) for T: and 7. under
partial load, respectively, and the evapora-
tion temperature of refrigerant to be s
satisfying Eq.(25) for 7. and T: under partial
load. If the values of ¢z, 71, %ce, Ts and Te
obtained from the above-mentioned are sub-
stituted into the previously derived equa-
tions for design point on the assumption
that the turbine inlet temperature is Ta.»
then various quatities under partial load
can be determined. By substituting T.=7, and
ar.=0 1into the above-mentioned equations,
it is possible to obtain the performance
values of cycle without suction air cooling.

Although the above-mentioned equations
were introduced with the phenomena simpli-
fied and approximated in order to moderate
the influence of form and dimensional effect
of the equipment, analysis was numerically
carried out because of the existence of non-

linear elements in pressure and temperature,
and solutions were obtained when the rela-
tive errors between two consecutive iter-
ations for T. T f. 7r and 7cz and between
respective values and those at the design
points of Ar and Aex for Ts, Ts .and Tz were
less than 10~ °.

4. Calculation results and discus-
sion

4.1 Establishment of design point

Table 1 shows various values used for
determining the design points. The pressure
ratios and the air temperatures at the out-
let of suction air cooler, which give the
maximum values of thermal efficiency and
specific power, are, as shown up to the pre-
ceding reports, different in general. For
this reason, the following evaluation func-
tion v is here defined and the pressure
ratio ¢ and the outlet temperature of suc-
tion air cooler # for the maximum value of Vv
are taken as design values

V=[( 7 —7Ret ) + ( Ls—Ls,Ret )/I/]//(H'l/[f) .................... (35)

TRer ! Ls,Rret

4.1.1 Without suction air cooling

The maxima of thermal efficiency and
specific power are 32.21% at ¢=3.6 and 148.0
PS/kg/s at ¢=6.0 , respectively. With these
values written as 7rer,0 and Ls.rer.o , the
thermal efficiency is considered. to be more
important than the specific power and the
value of V to be obtained when I,=2 is sub-
stituted into Eq.(35) is written as Vo.con,
which is shown in Fig. 3. Based on this
results, the design pressure ratio without
suction air cooling is determined to be 4.4 .

Table 1 Set values and performance values
at the design point

adiabatic efficiency of air compressor Nc=0.90
adiabatic efficiency of refrigerant Mcr=0.90
compressor

adiabatic efficiency of turbine 77=0.81
mechanical efficiency Tm=0.99
combustion efficiency 75=0.99
temperature-efficiency of regenerator 7Ex=0.85
temperature-efficiency of cooler 78=0.85
temperature at the inlet of the t3 =750
turbine °C

atmospheric temperature °C to=15

€1,R,2=0.03
£, EX,a=0.03
€1, Ex,9=0.03
€1,c¢=0.02
loss rate of working fluid Bc=0.03
Br=0.03
Ber=0.03
compgnent of fuel kg/kg ¢ =0.85
h=0.15
@Ex,a=10%
@Ex, =102
@Rr,a=10%

loss rate of pressure

heat transfer coefficient kcal/m*h°C

ar=10%

-19
D {'z=31.es%
3 Ls=142.7PS/ky/s
o
>
-2.0

t,=15°C
-2.1 ] ] ]

42 43 44 45 46

¢CON
Fig.3 Vbp,cox near the design point
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4.1.2 With suction air cooling
With 7rer and Lsrer similar to those in
the preceding section, the pressure ratio
and the outlet tmeperature of suction air
cooler can be determined at the design point,
provided that taking into consideration the
complication of the equipment due to suction
air cooling, I, in Eq.(35) is taken to be
equal to 4. The result is shown in Fig. L,
where the value of Vpsa is the highset at ¢=
5.1 and #=-—22°C so that these values are
adopted as the pressure ratio and the outlet
temperature of suction air cooler at the
design point.
4.2 Partial load performance
Based on the above, the values eatab-
lished as shown in Tables 1 and 2 are used
to investigated the partial load performance.
7rer,r and Lsirer,r are the values at the de-
sign point of a conventional cycle without
suction air cooling in order to compare and
investigate the performance of the suction
air cooling cycle with those of the conven-
tional as reference.
4.2.1 Change of performance values due to
ti near the design point
The air temperature # at the outlet of
suction air cooler ( the inlet of air com-
pressor ) may be easily affected by the tem-
perature and humidity on the air side as
well as the operating condition on the cool-
ing side. If a little change in # makes the
performance values of the cycle remarkably
shift, the actual operation can be disturbed
in more cases. Figure 5 shows the influ-
ences .of a change in # on the performance
values. As can be seen from these diagrams,
7 gradually decreases and V, remarkably

2 { 7=33.30%
JER N Ls=161.0PS / ky/s
<

4.44

4.42

4.4

0
43 50 51 52 53
Psa

Fig.l Vy,s4 near the design point

Table 2 Set values at the partial load

reference values for calculation 7, Ref, p=31.83%
of vr Ls,rer, p=142.7 PS/kg/s

without suction air cooling

pressure ratio Goon=4.4
factor of Vvp Ir=2

with suction asir cooling
pressure ratio boa=5.1
outlet temperature of t1,54=—22°C
suction air cooler " {at te=15°C)
factor of Ve Ir=4

721

changes as # becomes lower than the design
temperature, —22°C, whereas 7 rises to some
degree or becomes flat and Vy changes more
slowly as t exceeds the design temperature.
In general, however, the variation width of
v, as the result of a change in t is nar-
rower within the range shown in Fig. 5 so
that it is possible to expect that the oper-
ation is easy and the performance values
near the design point can be obtained even
at # , higher by 2 to 3°C than the design
temperature.

4.2.2 Optimum outlet temperature of
suction air cooler

The optimum outlet temperature of suc-
tion air cooler h.p: follows any change in
the atmospheric temperature t. When 'k
changes, that is, there exists a value of
thope » Which gives the highest Ve in the same
way as at the disign point also under par-
tial load. This tuerr is hardly affected by
various parts, other than the cooling system.
The result is shown in Fig. 6, where the
difference between tio; and t becomes larger
with an increase of the atmospheric tempera-
ture.

4.2.3 Turbine inlet temperature
Figure 7 shows a relationship between
the turbine inlet temperature # and the load
factor Lsr/Ls,o. Regardless of suction air
cooling, the tendencies as a whole coincide
with each other. 1In general, however,

1.9
X
3
a VP
Z1T7 ¢
Q
15 1340;Q162g
Lg S &£
335 161 «
1 o
1.3 L L L L L 33.0 160
-19 -20 -21 -2 -8 -4 -25
t, °C

Fig.5 The influence of a change in #
on the values of the thermal effi-
ciency, specific power and Vp,sa
near the design point

-10
©
g
20t
-30
- 1
400 18 30

t, °C

Fig.6 The optimum outlet temperature of
suction air cooler
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with suction air cooling is higher slightly
than that without one under partial load and
t; with suction air cooling does not so re-
markably depend on the atmospheric tempera-
ture as that without one. ’

4.2.4 Thermal efficiency

Figure 8 shows the thermal efficiency
as a function of the atmospheric temperature
and the load factor. Regardless of suction
air cooling, the partial load characteris-
tics of the thermal efficiency have similar
tendencies. The dependence of the thermal
efficiency on the atmospheric temperature is
moderated by suction air cooling and this
effect of suction air cooling becomes more
remarkable particularly with an increase of
the atmospheric temperature. In Fig. 8, the
thermal efficiencies are compared, regard-
less of suction air cooling, under the same
power and the suction air cooling decreases
the flow rate of working air by about 9.2%.

150
b
5130

ALY

630

6170

650~ — With suction air cooling

— Without suction air cooling

630 L—L i I L 1
110 100 80 60 40 20 0

Lsp/Llso %

Fig.7 The turbine inlet temperature
under partial load

40
® tg=0°C
=35 15

30

30

25}

20

15|

10}

5[ | = With suction air cooling
— Without suction air cooling
~-— t,=150"C

0 1 1 1 ]

010 8 60 40 20

0

Fig.8 The thermal efficiency under
partial load

4.2.5 Ve

As mentioned above, suction air cooling
makes different the meaning of specific
power. Consequently, the authors here tri-
ally evaluate comprehensively the thermal
efficiency and the specific power with y
defined in Eq.(35). 1In case this evaluation
function v is used as Vr under the estab-
lished values in Table 2, it is possible to
consider this function to be an index which
indicates the coefficient of utilization and
the performance values of a plant on the
basis of the design point of a conventional
cyele. Fig. 9 shows Ve on the partial load
under the same flow rate of air. Since at
the design point, #=750°C , the increases of
Ls,p/Ls,con,0 and Ve as a result of suction air
cooling become more remarkable particularly
with an increase of the atmospheric tempera-
ture and this tendency is maintained even
under partial load, it appears that the use-
fulness of the cycle has been confirmed.

-80 - ~— With suction air cooling
— Without suction air cooling
—=—1,="150C

-100 ] ! - [

120 100 80 60 40 20 O
LS,P/LS.CDN.D %

Fig.9 Vp under partial load

118
— Without suction .
air cooling -
— With suction 1110
air cooling
-11-05
Tex
1.00 ¢ -11.00
“o0.99 |
= 7 -10.95
[ 'Z‘
0.98 T
40.80
0.7+
0.96 16.con,0=0.2940 0-85
t,= 15°C
| 1 L | 0.80

100 80 60 40 20 0
Ls.p/Llso %

Fig.10 The characteristic values under
partial load
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4.2.6 Other characteristic values
Under partial load at the atmospheric

temperature 15°C , Fig. 10 shows the
temperature-efficiency of regenerator 7sx ,
the adiabatic efficiency of turbine 7r and
an index 7, which represents the exhaust
gas temperature Ts and is defined by the
following equation, in the form of a ratio
(7*=7p/70) to the characteristic value at the
design point

%:(Tg—Tn)/(Ta*To) ........................ (36)

Under partial load, 7zx* does hardly change,
whereas 7r* does remarkably. However, either
of them does depend only slightly on suction
air cooling. On the other hand, 7 changes
remarkably under partial load and depends
also considerably on suction air cooling.

In a similar manner of representation
in Fig. 10, Fig. 11 shows the dependences,
on the atmospheric temperature, of the
temperature-efficiency of suction air cooler

7 , the adiabatic efficiency of refrigerant
compressor 7ce , the compression ratio of
the same ¢z* and the refrigerant flow rate
Gz* . 7sx* changes gradually, whereas the
remaining characteristic values do remarka-
bly. In particular, 7nc* depends very re-
marlably on Gz*and #s*.

5. Conclusions

The authors investigated the perform-
ance of a suction air cooling gas turbine
cycle with a vapor compression refrigerator
and in succession to the investigations on
the general characteristic performance, the
lst report and on the optimum point, the 2nd

1.03
2 1.02 1.2
-
=101 1.1
CJ
* o 1 N 0 0 1 0
0.99 0.9
0.98 08
091 2
0.96
= With suction
0-95 air cooling
—Without suction
094 | air cooling
Pr,0=5.215
0.93 | : .
Gp.p=0.229% kyga
t:’D'FSO'C b
0.92 |-
0.91, 1
0 15 30
to °C

Fig.11 The dependences of the character-
istic value on the atmospheric
temperature ¢,
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report, they carried out an analysis of par-
tial load performance in this report. Based
on this investigation carried out on the as-
sumption that the load is regulated by ad-
justing the inlet gas temperature of gas
turbine, its number of revolutions and the
air flow rate at the inlet of air compressor
being kept constant, the authors obtained
the following conclusions besides those al-
ready described :

(1) The partial load characteristics of the
thermal efficiency has a tendency apporxi-
mately similar to that without suction air
cooling.

(2) Even under partial load, suction air
cooling improves the efficiency in the same
degree as that at the design point.

(3) Suction air cooling does not so remark-
ably modify the dependence of turbine inlet
temperature on the load factor.

(4) Also under partial load, suction air
cooling considerably moderates the depend-
ence of performance values on the atmos-
pheric temperature in the same manner as at
the design point.

(5) Slight variation of temperature at the
outlet of suction air cooler ( the inlet of
air compressor ) does not so remarkably
affect the performance of the cycle as a
whole.

Since even under partial load the pres-
ent cycle can improve the performance of a
conventional and it is possible to reutilize
the high temperature exhaust gas, it appears
that this cycle can be effectively applied
to various stationary prime movers such as
main one in an on-site comprehensive plant
etc.

Finally, the authors express their sin-
cere gratitude to Prof. T. Saito, Toyohashi
University of Technology and Prof. H. Tani-
guchi, Hokkaido University for their cordial
instructions and advices on the present
study.
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