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STORAGE PEAXK GAS-TURBINE POWER UNIL-

by

B, Tsinkotski, Department of Thermal
Engines of Budapest Technical University

A storage gas-turbine powsr plant using a two-cylindsx
compressor with intermediate cooling is studied. On the basis
of measured characteristics of a 25 Mw compressor computer
calculations of the parameters of the loading process of a
constant capacity storage unit (05.3 million cu m) were
carried out. The required compressor power as a function of
time with and without final cooling was computed. Para-
meters of maximum loading and discharging of the storage unit
were calculated, and it was found that for the complete
loading of a fully unloaded storage unit, a capacity of 1-1.5
million cubic meters is required, depending on the final cooling,

Introduction

122*

The storage peak gas-turbine mnit is a promising aggregate of peak
powsr in energy systems in light of the fact that the compressors are.
separated from the turbine, and they are driven by surpius and inexpsnsive
night-time slectricity, and not scarce and expensive hydrocarbons, Such

aggregates can successfully compete with the hydro-storage plants to
cover the peak power of the energy systems,

L. Compressor Group

Our studies were directed towards the peak gtu (gas-turbine unit) of
the storage type consisting, according to the plan in fig. 1, of a low
pressure turbine with power 180 mw,GT-100-750 unit of the IMZ [Leningrad

Metali?lant] and gtu compressor with power 25 Mw, In the first variant

a one~cylinder compressor is provided for without intermediate cooling (type
G-9 of the G¥rlitts Machine Construction Plant), and in the second variant--
two-cylinder compressor with intermsdiate cooling (GT'-25-750 of IMZ).

The first compressor with rated load has an air consumption of G¥154.3
kg/s and degree of compression =13,

*
Numbers in margin indicate pagination in original foreign taxt,
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Since the maximum pressure before the turbine in the beginning of un-

loading cannot exceed the permissible maximum pressure of 7.8 bar, with

- R

regard for the pressure loss the degree of compression of the compressor ‘
must not be greater than 9.34% if one has in mind storage at a constant |
pressure, With such a partial load the efficiency of the compressor is
reduced from 0.849 to 0,781, the air consumption according to the compressor
characteristics rises from 154,3 kg/s to 157.75 kg/s, the power will be
52,34 Mw, and the temperature behind the compressor will be 344,7°C,

Lo i

These parameters are unfavoralle from that viewpoint that due to the
limited degree of turbine expansion the degree of compressor compression and
its efficiency are reduced, and in addition during storage the high final

temperature is lost.

In order to exclude these shortcomings further solutions were sought [gé
during which attention was drawn to the IMZ comprcssor of the G-25-750 type
unit with power 25 mw, since its characteristics, thanks to the two- ;
cylinder design with intermediate cooling are more favorabls, This com- o %
pressor with revolutions of 3000 l/min. for rated load according to the »
measurements of [4] has an air consumption of 197.4 kg/s, degree of com-
pression of the low pressure compressor wl=3.23, adiabatic efficiency 0.851,
coefticient of coolant utilization 0,897, degree of compression of high

pPressure compressor w2=3.44 and its efficiency is 0,847,

Since the total degree of compression during storage of constant
pressure is somewhat high for the turbine, therefore the degree of cor -
pression needs to be reduced according to the measured characteristics
raspectively byJP1=3.O7 and w2=3.16. In this respect the efficiency of
the compressor compartments is reduced by n1=0.8203 and 772=O.8205, the
air consumption rises to 200.65 kg/s, the temperature behind the compressor
due to the intermediate cooling is lower, a total of 180.36C and power of
the compressor 55.6 W,

Of the two examined compressors we select the latter for the following
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Figure 1, Plan of Peak Storage Gas-Turbine Unit

®-air filter TNO--intermediate cooler 00--final cooler J--throttle
KC--combustion chamber T--turbine F--generator M--electric engine
IPC--low pressuve comprassor HPC--high pressure compressor TPT--low } =
pressure turbine C
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advantages: ‘ : : 3
a) specific power of compression is lower,
b) temperature at outlet from compressor is lower,
¢) compressor and turbine are of one-type machine of one plant,
d) air consumption of this compressor is greater which is advantageous
from the viewpoint of more rapid charging of the storage.k

The characteristics of the compressor determined by the measurement [97
“~ method [4]are shown in fig. 2, These characteristies in the function of
the dimensionless mass consumption

¢ V}l
Gy leyL

P

and dimensionless number of revolutions




S R 2

[ TRV

T

CTRET L

n

=

it == o

Ny

VT

yield the degree of comprassion of the comprassor,

efficiency

.low pressure
.compressor

[

degree of
compression

" ! ,‘\\\ lhigh pressure
compressor

compression
L

degrea of

26+

244

L S O ST S S
1

098 it

mass cbnsumpticn

Figure 2, Measured Characteristics of Compressor
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The nominal parameters of the low pressure compressor (1pC) are *%
according to the designations in fig, 1. E%
*

%

GH%19?.4 ke/s, Ty =R91%K, P1=0.996 bar, n,=3000 1/min, -

The nominal parameters of the high pressure compressor (HPC) are the |
following: G =197.h kg/s, Tpy=308.8%, pyyy=3.085 bar. i

To compute the process of loading it is necessary to have the total i
degree of compression of the compressor group v=p2/p1”wz-né and the adiabatic
afficiency of the compressors in the function from the mass consumption,

The IPC and HPC characteristics ars not directly summed, since they
can operate only with intermediate cooling which needs to be considered,

We compute the intermediate cooling on the basis of data from measure-

ments by the constant coefficient of pressure loss dcool =(),963=const and

the temperature behind the compressor is computed and the conditions for

constancy of the utilization coefficient of Boshchnakovich (Y ). The
compressor of the GT-25~750-1 type unit has a surface of intermediats coolant | V
of 300 mz, and according to the data of measuremsnts in function of the E
consumption of cooling water the utilization coefficient is almost not
altered, thus, with consumption of cooling water 1000 T/h %=0.88, with
consumption of 2500 T/h ¥ =0.91 since thé water equivalent of thes cooling
water is almost an order greater than the water squivalent of air,

There~-
for in our computations we assumed the condition of constancy of Y.

According to this condition with respsct to the known temperatures at

the inlet of alr and cooling water one can determine the air temperature
behind the intermediate cooler, The rated

temperature of the cooling
water TH=295.5¢K and the rated coefficient of utilization of the heat
exchanger TPH:O.8968.

The adiabatic efficiency of the entire compressor group is computed
according to the following relationship (from the designations in fig, 1):




e e gy e i T TP . e s e i i bt ot T
o it <

=M (I -- Ty )4 o (Ty — T3)

Y 1y v v v
(71“31)“*‘(12““' 2

Compilation of the total characteristics of the compressors was '
carried out according to the following technique,

Throttling occurs on an air filter therefore at the compressor inlet

we have T1=288°K, plﬂ0.9? bar with coefficient of pressure loss of the filter :
o5 =0.97, |

e T

, The IPC characteristics: /99

; mass air consumption

. Gy o= G- !/ L P 193,956 [ieafs ] Co

: Ty pu

,' : the relative number of revolutions

: ‘ ﬁyzvzﬁzdﬁﬁ

. . T
From these values for the IPC characteristics one can find the degres of Z »g
compression and efficiency, A

The specific work of compression of the IpC

' Kot Y1 o
Ly~ CT, (sr, Y 5 [kI/k2]
1
Temperature behird IPC : j
f L : :
L ,}ol - !IY _%_ et 9 [01{] ] : 4
‘ { L C!,

Prossure behind IPC

1 Af’; =9 ) ['ba.;t‘]

- Parameters for intermediate cooler, since
N 1]
g JU . T}
- : P —1—>% = const,
1 1 Ti:
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Temparature at outlet
TE Mt (] - 1) =T - 0,8968 (1] - 295,5) [°K]

Pressure at outlet

P‘-’! smm pi@éuﬂ == (1,963 - I?{ =T 019? ¢ 0?963 = 0?94‘11 5’6[ [barj

After this according to the known p',

2 and T'Z based on the condition
of constaney of mass consumption G1=G2 one can compute the eriteria of
similarity from the Hpg characteristic (fig, 2),

then from them one can
define T, and 7}2.

Based on this the specific work of compression of the HpQ

r-t 1
Ly == CTy (“3 o 1) N CkJ/ kg]
2
The temperature at the outlet from the HPC

Ty-ry o o g

'

prassure for the Hpg

=G1
The total degrea of compression

= §I Gﬁool'wl'hé

The total specific work of compressions

thus are shown in
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In the process of charging of the storage the working point of the
compresssor will be moved along the curve n=const. between certain lowest
and upper limits., The ‘upper * limit is defined by the boundary of the
compressor pumpage, The lower limit of the working zone is defined by the
interruption in the stream in the last stage of the compressor with large
negative angles of incidence or jump in the thickening in the last stage.
This lower boundary is usually not shown on the characteristics of the
compressors sinee during joint opsration of the compressor and the turbine
the lower boundary is defined by the idling of the gas-turbine unit and the
curve of the idling is always above the lower boundary curve, In the
storage gtu the lower boundary of the stable operation is the actual boundary,

The upper boundary of stable operation with the aforementioned cal-
culated revolutions n=1.,005 according to the total characteristics of the
compressors compiled from the individual measured characteristics passes
with degree of compression wmax=lo.83, while the lower boundary according
to the evaluation of the measurements of idling with “ﬁin’“'9°

The total characteristic of the compressor (fig, 3) in machine compu-

tations was considered by the following approximate quadratic equations:

G = —8,9325 - 10~172 - 8,7539 - 103 + 1,029
T, == — 14750 G* 4 29752 G — 14538,5
P = —28400 G* - 57580 G ~ 28904,18

Although the GT'-25-750-1 compressor can operate only with intermediate /101
cooling this circumstance is favorable during storage in a constant volume

since due to the intermeddate cooling the temperature for the compressor is
reduced, and this iz advantageous because in the given volume of storage

the mass of stored air is increased with lower enexgy outlays of compression,
One should bear in mind that the hot compressed air during storage with

time is cooled, and this heat loss in the combustion chambers needs to be
additionally reported therefore it is expedient to use intermediate cooling
which according to the calculation results reduces by 8-12% the specific
work of compression the temperaturs for the compressor by 22-25%. |
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Figure 3. Total Calculated Characteristics of Compressors ]
2., Loading of Storage /102 L
In the process of loading,the compressor from the external elsctric
drive loads the constant capacity storage unit. Here the state of the
inlet is not altered, whils the pressure for the compressor constant rises, 1Q
. therefore the working point on the characteristic curve of the compressor
B : is altered all the time,

This change in the working point is approXimately considered in the
following model of machine computation.

In the computation model we kconsider the working point unchanged for
the period of time At during which the forced air increases the pressure
in the storage unit, while this determines the new working point,

1

1

The upper
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and lower limit of computation is determined by the limit degrees of com~-
X
comprassion of the compressor w=px/pl. Based on this frum ths total
characteristic (fig. 3) we obtain the amounts Gy L and T,. The mass air
consunption is determined by the relationship G=193.25'G(kg/s). We define
the new working point at the end of the period Ab based on the hypotheses
of complete mixing of the air charge of the storage unit and the supplied
air in the period of time At. The equation oi mixing

pression e and Moin® With pressure of the storage unit Py the degres of

*

my Ty + G- At == (m,+ G4t) T
where m, --mass of air in storage.

Equation of state of the ideal gas:
px ' V = (m, + GA)RT, -

From here we will express the pressure in the storags unit

_omGa L, m T G- T, R e .
v R my+GAt v (il Gde - 1) (bar)

The power consumed by the compressor:
N=L+G,
At the end of the time period At the new degree of compression is

X
1317

The computation begins with nin and continuesg to Max! and during the
computation we obtain the change in parameters and power of the compressor
depending on the time according to figure 4,

The energy consumption of the compressor is obtained by multiplying
the power of the compressor by the time interval and the subsequent addition

of the results,

In principle, storags can be of constant bressure or constant volume,

10
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Figure 4, Power of Compression during Loading

In the case of storage with constant pressure the storage unit is

an enormous connected vessel which requires considerable guantity of buffer
water close to the storags unit.

Such a storage is mors complicated and

more expensive due to the buffer system and is linked to the available water
Tesources,

The necessary volume of the storage unit for the examined gas turbine /104
has an order of a million cubic meters,

It is expadient to employ a
natural water storpge unit, abandoned shaft or natural gas well,

In the
first case due to the wide wells the aerodynamic resistance will be low,

11
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therefore in the calculations we assume that during doading and unloading
of the storage unit ths prassure loss occurs only dus to the drop in air
temperature during storage in a constant volume, Further it was assumed
that in the shaft there is no place for leakage of compressed air,

The volume of the storage unit was considered to be a variable
parameter and the computatlons were made for volumes (0.5-3)'106 m3 with
spacings of 0.50106 cubic meters.

A

Study of the storage in wells of natural gas is more complicated since :
storage occurs in porous rock where with diffusion movement of air a \ %
pressure loss davelops., With such storage the residual natural gas is

displaced by the air and such storage can affect the extraction of oil and
gas of the nearsst fields,

If the storage unit is the volume of a shaft and we employ subseguent
cooling for the compressor, then in this cooler on the part of the ' . ¢ the
process of thrpttling occurs according to the law p3 Py Géool.’ whers 05001
0,97 cosffieirnt of pressure loss of the coolewr, The total ratio is
provided by the correlation of Py and Py If the storage pressure is Py

‘then ‘ : i
_ P Px

b= X and = = i

- P1'%e001 1

o ik

Since 91°G§ool=c°n3t' further the calculation is made in the same way

L ‘1
&8 in the case of the absence of subsequent coolant, It is necessary to : :

also considexr that the temperature T with subsequent cooling is replaced
in the previous formulas by the place T

L Subsequent cooling should be
carried out until the temgerature of the storage unit is reached; since
only thus can one aveid a drop in pressure as a consequence of air cooling

in the storage unit, Subsequent cooling in the computations is considered
by the condition T =const.,

3

For the machiqe computation of the process of loading the time interval
i ; was selected at At=900 s, temperature of the storege wnit 353% and it

12
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was assumed that with subsequsnt cooling the temperature Ty

same amount,

The result of the machine computation of the loading process with
subsequent cooling and without it is presented in figurss 4-8, Figure 4
shows the required power of the compressor with respsct to the time with the
parameter of the storage unit volume, In light of the fact that loading
of the storage unit is economical with inexpsnsive night-time elsctricity
(generated by coal power plants), and the period of loading can be estimated
as 6-8 h the given compressor requires a storage unit volume of no less
than (1—1.5)'106 m3 since the smaller volume is loaded by the compressor
in a shorter time than the time of the nocturnal dip. The storage unit
with greater volume is loaded by the given compressor during the nocturnal

dip only in the case of incomplete unloading, which is expedient due to the
higher mean powsr of unloading.

In a comparison of the processes with subsequent cooling and without
it it is found that with subsequent cooling the loading time rises for any

vdlume since’the storage temperature, according to our conditions, remains
constant, '

With sdbéequsnt cooling there is a rise in the mass of the air loading.
This growth with the minimum volume of the storage unit is 8,42-9,1%%, The
wequired powsr of the compressor in both cases is roughly 53.6 mw, therefore
due to the great time of loading the energy consumption for compression
during subsequent cooling is above by 15.1-23,4%, Additional energy con-
sumption for storage with subsequent cooling of 1 kg of additional air
mass with minimum volume of the storage unit is 0.086-0,087 kw-h,

At the end of the process of loading the storage unit is closed uﬁtil
the beginning of the peak period. During this time the differences in
pressure and temperature of the compressed air are balanced and the air
temperature approaches the temperature of the storage unit wall,

In our computed model instantaneous current mixing in the storage unit
is provided for, and in the case of the absence of subsequent cooling the

13
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the temperature of the forced air is highsr than the temperature of the
walls, which results in cooling of the air in the storage unit, This
cooling depends on the storage time, on the geometry and material of the

- i i, C it i st pah i
P T .

storage unit, etc, For a specific storage unit this cooling can be determined

by measurement depending on the time. In an extreme case during prolonged
storage the ailr is cooled up to the wall temperature, In light of the
lack of detailed data we consider this most unfavorable case.

In the case of subseguent coolling we assume the equality of the
temperature of the air and walls of the storage unit which means that
cooling 1s absent during storage and the maximum pressure p3=p'3m10.19 bar,

In the absence of subsequent cooling the air with constant volume is
cooled to the temperature of the walls, whereby the pressure will be

NS
Ps"Ps'”@3
At the end of loading the air temperature practically does not depend
on the volume of the storage unit since the deviation from the mean amount
does not exceed 0.%%. The mean air parameters: T35399.96°K, p3=10.5 bax,
T'3a353°K. In light of this the pressure at the end of storage p3=
10+353/399.96=9.27 bar still is higher than the permissible pressure before
the turbine even with regard for pressure loss; this means that in the

initial stage of unloading it is also necessary to throttle the cooled air.

3. Turbine Aggregate

-

As a turbine of the peak storage gtn we will examine the low pressure
turbines (IPT) GT~100-750-2 produced by IMZ with rated power 179 mw. Such
turbines are in operation at the Inota power plant and in the future can be

constructed. The five-stage single-housing IPT has the following rated
parameters:

GTH:46? . 6? kg/s ) P6H=?‘ 8 baxr ’ p?H=1 . 05 bar.

The IPT is easily disconnected from the gas turbine unit since it has
a separate shaft with coupling on the side of the TPC and bearings so that

L
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one can use a synchronous generator directly for the drive, The selection
of the given turbine is also governed by its considerable unit powver,

The results of measurements [2] of the working process of the turbine
are classified with a narrow interval of the stable working point of complete
loading, and in the plan of the storage unit ' the turbine will operate
due to the nature of the unloading in very broad limits. In light of the
absence of experimental data the dependence of the prassures on the mass
consumption was determined according to the Stodola formulas

(C'r ]mepﬁmp%_l‘_&
Gru P;';'u - P%ﬁ T,

From here we will express the mass gas consumption:

G'F“""'GT"V i Rl ‘l/ltm

2 2 "
Pon — Pin Ty

where the index "W'refars to the known rated pattern, With regard for the
rated parameters we obtain

Gy = [/3661,27 pi — 4036,55  [kg/s ]

Wea assume that the temperature before the. turbine for the entire period
of unloading is regulated at T6$T6H=10239K since this is & thermally expe-
dient and technically feasible solution. 1In such a case the temperature
correction in the Stodola equation T6H/T6=l.

Such temperature regulation in the initial aggregate is unfeasible
bacause a drop in the power is possible only with a drop in the temparature
before the turbine since the IPC with constant numbers of revolutions has
a roughly constant air consumption, axd this consumption is affected by
the pattern conditions of the HPC on the free shaft only insignificantly.

Regulation with a constant temperature before the turbine is a com-

paratively simple task in the storage unit since here the operating inter-

relationships of the compressors are lacking, Such regulation is advan-

tageous since here the thermal efficiency of the cycle during unloading is

15
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Figure 5, Characteristics of Turbine
reduced to a lesser degree than with a variable temperature,

With such regulation the coefficient of air surplus in the combustion
chamber will be constant since the temperature before the combustion chamber
is also constant, equal to T5=3539K. The constant coefficient of air sur-

plus a=3.4, the fuel consumption therefore is directly proportional to the
air consumption,

Based on the adopted ang computed data -the characteristics of the tur-
bine are presented ag standard dimensionless Cctiteria

5

of similarity in fig,
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The adiabatic efficiency of the turbine in the function of the mass
consumption G was computed according to the known diagram nT=:1':‘( %\ since
the peripheral velocity (u) of the turbine is known, while the vel%city
of the emergence from the jet grid cq is determined according to the known
section of emsrgence and the unknown mass consumption,

Besides the calculated curves of consumption and the efficiency figure
4 showed the results of measurements from [2], which yielded scattered points
around the calculated amounts, A certain deviation is explained by the
discrepancy in the ratio of characteristics of temperatures at the points
of measurements from the calculated values Té/T1=3.55.

In machine computation the conditions of consumptions were considered
by the Stodola equation, while the turbine efficlency was considered by the
guadratic equation of approximation:

np wa - 3023645 ¢ 10765 4 2,828137 - 10-4 6y - 0,799645
which at the calculated points yielded a deviation of not more than 0.6%,

4, Unloading of the Storage Unit

Unloading of the storage unit by means of consumption of compressed
air occurs in time with a reduction in pressure in a nonstationary process,
the working point of the turbine is constantly altered, but in the compu-
tation model in a short pexriod of time At we consider it constant, like the
process of loading, If the pressure in the storage unit is Py then the
degree of expansionof the turbine with regard for the coefficients of pressure
losses of the air filter ¢;=0.97 and the combustion chamber 0, o, =0.927,

5 o Pxt9F " e
i 4 P

Based on the degree of expansion of the turbine with respect to the
characteristics of the turbine (fig. 4) with known parameters before ths
turbine Pg and Té we determine the mass consumption of gas and the effi-
ciency of the turbine, According to these data the specific operation of

/108

expansion and the power'of the turbine is determined which after multiplication
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by time intervals é,t and subsequent sumning ylelds the produced energy
(fig. 8).

At the end of the period At the pressure in the storage unit is
determined based on that condition that in this period the mass of com-
pressed alr is reduced by thé amount G+ At, We assume that the unloading
is not too fast, and therefore during the unloading the temperature in the
storage unit is not altered (isothermic unloading). If in the beginning
of the period Ast the mass of compressed air is m, then

, mRT,
moom, Geltopeeso 1‘/‘“

From here the entire computation occurs in the same way as was evident
in loading. The upper and lower limits of unloading are determined by the
pattern conditions of the compressors, the upper limit is determined by
the pumpage of the compressor, whils the lower limit is determined by the
minimum pressure of the re-triggering of the compressor. From the viewpoint
of the turbine the maximum pressure with temperature before the turbine
7509C equsis 7.8 bar, the minimum pressure is limited only by the con-

dition of re-loading of the compressor, it is not limited by the turbine.

Since the compressor can create pressure that is greater than is
permissible for the turbine therefore in unloading it is necessaryyto

throttle to the maximum pressure before the turbine P6maxz?‘8 bar, The

throttling is carried out until the pressure in the storage unit equals

p 7.8 )
l’,- ap imnax, T e e gmm 356? bar
e dee | 0970927
The time necessary for throttling with volume of 0.5—3-106m3 according to
figure 8 showing the pressure of unloading with respect to time during
storage with final cooling is 0.5-3 hours which is a cdmgaraﬁively small

percentage of the complete time of unloading (2-12 hours) especially with-
out final cooling.
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Figure 6, Power of Turbine during Unloading

We note that the computation of the Process was
Pumpage boundary of the compressor si
stability with Trespsct to

made not guite to the

have a reserve of
pumpags 5-7% according to the expression

nce one needs to

al
w b
18 Gr.

w1

where the ingex "M" refars

to the pumpage pattern of the compressor,

The minimum volume of the storage unit (1-15).10603 from the viewpoint
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of the complete use of loading during the nocturnal dip is also the
minimum from the viewpoint of unloading since according to figure 8 we

can determine that the complete time of unloading is 3.5-5.3 hours per day
which is already sufficient for the goals of peak power plants. The storage
unit with large volume either is unloaded completely further (with 3‘106m3
in 12 hours) or with shorter unloading is not completely unloaded, but only

partially, and as a consequence of this the power with respect to time
is reduced to a lower dsgree,

The results of the machine computation of the unloading process of the
storage unit with final cooling and without it are shown in fig. 5-8, in-
cluding figure 6 which shows the change in the power of the turbine, figure

7--the change in production of electricity, and figure 8--the changs in /110
alr pressuwre depending on time,

By comparing the unloading of the storage unit with the two methods of
loading it is found that the time of unloading of the storage tank during
loading with final cooling is greater (which without final cooling and with
the minimum volume of the reservoir is only 3.2-4.7 hours), therefore from
the storage unit with final cooling we obtain more electricity, as a con-
sequence of the fact that here the storage unit will contain a greater

mass of compressed air in the beginning of unloading and operates in broader /111
Jimits of pressure changs,

The power of the turbine during unloading has the nature of a decrease;
according to figure 6 with a completely loaded storage unit with power
roughly 180 mw it is reduced to 80 mw in the unloaded state, whereupon in
the beginning of unloading during throttling it is constant, During storage

with final cooling this decrease in power is less as a consequence of the
greater time of unloading,

Summary

/112

We examined the variant of peak storage gas~-turbine unit cdnsisting
of a IPT unit GT-100-175-2 produced by IMZ with maximum power 180 mw and
gtu compressor type GT-25-750 of the IMZ included in a plah according to

20
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Figure 7. Production of BElectricity during Unlocading

figure 1, Based on the computations it was established that as a compressor
of such a unit it was more 'expedient to use a two-cylinder compressor with
intermediate cooling of type GT-25-750 of the IMZ with power 25 mw than a
one-cylinder compressor without intermediate cooling of the gtu. of type G-9

of the same power,

Based on the measured characteristics of the compressor GT-25-750 by
the method of machine computation the parameters were determined for the

process of loading the storage unit of constant volume in the interval

21
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Figure 8, Pressurs in Storage Unit during Unlcading

(0.5~3)'106m3 and the required power of the compressor with respect to time
with the use of final cooling and without it,

Parameters ware compubted for the maximum loading and unleoading of the

o storage unit based on the operating conditions of the compressor. As a

' result it was determined that for completa loading of a completely unloaded
storage unit depending on the final cooling a volume of (1-1,5)F 106 m3 is

regquired. The processes of loading and unleading were determined for a
storage unit of type mine wells whose computation as a rasult of wide

sections is simpler than the computation of a porous storage unit of the type
abandoned natural gas wells,

F
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The method of machine computation was used to determine in the process
of the proposed isothermic unloading the power of the turbine and the
pressure in the storage unit with respsct to time with the parameter of the

storage unit volume in the case of loading with final cooling and without
it,

References

1, Bexg, N. and Noren, D, Compressed 4ir Power Planis,

2. Measurements of Gas Turbines GT-100 , VEIKI Kozlemenyek, 1975

3. Weber, O} Das Luftspeicher-Gasturbinenkraftwerk Huntorf, BBC Mitteihungen,
1975, 7/8. -

Ol'khovskiy, G. G. Teplovyye ispytaniya stabsionarnykh ustanovok ["Thermal
Tests of Stationary Units" |, Moscow, 1971,

\
L]

Zaugg, P. Luftspeicherkraftwerke BBC Mitteilungen, 1975, 7/8.

23

b o b o S b e




	0001A02.jpg
	0001A02.tif
	0001A03.tif
	0001A04.tif
	0001A05.tif
	0001A06.tif
	0001A07.tif
	0001A08.tif
	0001A09.tif
	0001A10.tif
	0001A11.tif
	0001A12.tif
	0001A13.tif
	0001A14.tif
	0001B01.tif
	0001B02.tif
	0001B03.tif
	0001B04.tif
	0001B05.tif
	0001B06.tif
	0001B07.tif
	0001B08.tif
	0001B09.tif
	0001B10.tif
	0001B11.tif
	notice_poor quality MF.pdf
	0001A04.JPG
	0001A04.TIF
	0001A05.JPG
	0001A05.TIF
	0001A06.JPG
	0001A06.TIF
	0001A07.TIF
	0001A08.TIF
	0001A09.TIF
	0001A10.TIF
	0001A11.TIF
	0001A12.TIF
	0001A12a.JPG
	0001A12a.TIF
	0001B02.JPG
	0001B03.TIF
	0001B04.JPG
	0001B04.TIF
	0001B05.JPG
	0001B06.JPG
	0001B07.JPG
	0001B08.JPG
	0001B09.JPG
	0001B10.JPG
	0001B11.JPG
	0001B12.JPG
	0001B12a.JPG
	0001C02.JPG
	0001C03.JPG
	0001C04.JPG
	0001C05.JPG
	0001C06.JPG
	0001C07.JPG
	0001C08.JPG
	0001C09.JPG
	0001C10.JPG
	0001C11.JPG
	0001C12.JPG
	0001C12a.JPG
	0001E02.JPG
	0001E03.JPG
	0001E04.JPG
	0001E05.JPG
	0001E06.JPG




