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Analyzing the efficiency of moderate and deep cooling of air
at the inlet of gas turbinein various climatic conditions

The efficiency of deep cooling air at the inlet of gas turbine unite to the temperature of 10 °C by waste heat recovery
combined absorption-ejector chiller was analyzed in climatic conditions at Kharkov site, Ukraine, and Beijing site,
China, and compared with the moderate cooling to the temperature of 15°C in traditional absorption lithium-bromide
chiller. The refrigerant ejector chiller is chosen as the most simple and reliable in operation chiller. It was used as
the low-temperature stage for subcooling the air precooled in absorption lithium-bromide chiller to the temperature
about 15 °C. Both waste heat recovery absorption lithium-bromide chiller and ejector chiller use the heat of gas tur-
bine unite exhaust gas to produce a cooling capacity. Air cooling at the inlet of gas turbine unite was investigated for
varying climatic conditions during the year. The current values of temperature depression with cooling ambient air
to different temperatures of 10 °C and 15 °C and corresponding cooling capacities required were calculated. The com-
parison of the effect due to gas turbine unite inlet air cooling was performed by annual fuel saving and power produc-
tion growth. With this the current values of turbine power output increase and specific fuel consumption decrease due
to cooling inlet air from current varying ambient temperatures to the temperatures of 10 °C and 15 °C were calculated.
It was shown that annual fuel saving and power production growth have increased by 1,8 times for Kharkov (Ukraine)
site climatic conditions and by 1,6 times for Beijing (China) site due to deep cooling air to the temperature of 10 °C
by absorption-ejector chiller as compared with cooling inlet air to the temperature of 15 °C by absorption lithium-

bromide chiller.
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1. Introduction

The gas turbine unit (GTU) fuel consumption increas-
es and the efficiency and power output decreases as the
temperature at the inlet of the GTU increases [1, 2]. Thus
the GTU GE 9351FA (General Electric) power decreases
by 0.61...0.65% or by 1600...1700kW and specific fuel
consumption b, increases by 0,35 g/(kW-h) with increasing
ambient air temperature t,., at the inlet on 1°C [3]. So, the
use of exhaust gases heat for GTU inlet air cooling provides
an increase in GTU efficiency at increased ambient air tem-
peratures t,m,. The application of waste heat recovery chill-
ers, using the GTU exhaust gas heat for inlet air cooling is
the most widespread method to increase turbine efficiency.
Traditionally, absorption lithium-bromide chillers (ACh)
which provide cooling ambient air down to about 15°C are
used [4, 5]. However, deeper GTU inlet air cooling com-
pared with its cooling in the ACh will obviously lead to a
greater growth of GTU efficiency. For cooling ambient air
from the temperature of 15°C down to 10°C and lower re-
frigerant ejector chillers (ECh) could be used in such two-
stage combined absorption-ejector chiller (AECh) [6]. Ho-
wever, it is necessary to estimate the GTU inlet deep cool-
ing efficiency for actual site operation climatic conditions.
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The purpose of the research is to evaluate the efficien-
cy of GTU inlet air deep cooling (below 15°C) in compari-
son with traditional cooling ambient air to 15°C by ACh for
actual site climatic conditions.

2. Results of investigation

The ambient air parameters change considerably dur-
ing GTU operation. Fluctuations of ambient air temperature
tamn, relative @zmp and absolute humidity dan, during July
2017 for Kharkov, Ukraine, and Beijing, China, are pre-
sented in Fig. 1.

The GTU operation climatic conditions at the Beijing
site, China, are characterized by large relative humidity
@amp and, respectively, absolute humidity d,,, of the ambi-
ent air at high its temperatures t,,,. This causes a large heat
load (chiller cooling capacity required) on the GTU inlet air
cooling system because of significant condensation latent
heat to be removed during ambient air cooling. The annual
GTU specific fuel savings ZAb, (for 1 kW of GTU power)
due to inlet air cooling from ambient temperatures ty,, to
tay= 10 and 15°C by chillers with various design specific
cooling capacity qq (for air flow G, = 1 kg/s) are presented
in Fig. 2.
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Figure 1 — Ambient air temperature t,y, absolute humidity d,qp and relative humidity @ profiles for July 2017:
a —Kharkov, Ukraine; b — Beijing, China
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Figure 2 — The annual values of specific fuel saving Ab, versus a design specific cooling
capacity qq (air flow G, = 1 kg/s) at different temperatures of cooled air t,,: 70 °C — in the AECh;
15 °C —in the ACh for July 2017: a —Kharkov, Ukraine; b — Beijing, China

Fig. 2 shows that in order to achieve the maximum
potential annual specific fuel saving ZAb, in Beijing climat-
ic conditions it is necessary to use a considerably larger
specific cooling capacity g, in comparison with the Khar-
kov climatic conditions, which confirms the need for ele-
vated design cooling loads of the chiller because of a larger
ambient air relative humidity @,m, and absolute humidity
damb , respectively, at its high temperatures t,,, for Beijing
climatic conditions. This results in a greater fuel saving in
Beijing climatic conditions due to cooling GTU inlet air
from the higher ambient air temperatures and with larger
temperature depression At = t,,, — t, . The current values

At,°C Abg, g/(KW-h); gy 15, kI/kg

of the specific fuel consumption reduction Abgs due to
GTU inlet air cooling from t,, to t,,=15°C with tempera-
ture reduction of Atys in the ACh, as well as the value of
Abgio when the air is cooled from t,,, to t;,=10°C with tem-
perature depression of Aty in the combined absorption-
ejector chiller (AECh) for Kharkov and Beijing climatic
conditions in July 2017 are presented in Fig. 3 and 4. The
calculations are carried out for the GTU GE 9351FA
(Neiso =260MW), for which the air temperature reduction
At, by 1°C leads to a decrease in the specific fuel consump-
tion Ab, by 0,35 g/(kW-h) [3].
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Figure 3 — Current values of the GTU inlet ambient air temperature decrease At;s when cooling to 15 °C in the ACh,
corresponding GTU specific fuel consumption reduction Abgs and specific cooling capacity o 15 for July 2017:
a —Kharkov, Ukraine; b — Beijing, China
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Figure 4 — Current values of the ambient air temperature decrease Atyo when cooling to 10 °C in the AECh,
corresponding specific fuel consumption reduction Abe;o and specific cooling capacity qo 1o for July 2017:
a —Kharkov, Ukraine; b — Beijing, China

Comparing the values of specific heat loads when
cooling the ambient air to 15°C qg5 and to 10°C g9 in
Fig. 5 it can be seen that despite the need to use more cool-
ing capacity for cooling the air at the inlet of the GTU in
Beijing climatic conditions, compared with the conditions
in Kharkov, the specific heat load on the refrigerant ejector
chiller for air subcooling from 15°C to 10°C, determined as

heat load difference AQg10-15, is about 10 kJ/kg for both
cases, so as the heat load difference in various climatic
conditions falls on relatively high temperature range of
cooling air from ambient air temperatures ty,, to 15°C in
ACh as the high temperature cooling stage of combined
two-stage AECh.
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Figure 5 — Current values of the specific cooling loads qq 1o for a design GTU inlet air temperature of 10 °C cooled by
AECh, qo.15 — for a design GTU inlet air temperature of 15 <C cooled by ACh and their difference Aqg.10-15 as the ECh cool-
ing load for July 2017: a —Kharkov, Ukraine; b — Beijing, China

The current values of increment in the GTU power
output ANg5 due to cooling inlet air from varying ambient
temperatures t,n, to t;,=15°C with temperature depression
of Atys in the ACh and power output increment ANg;o due to
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cooling air from ty,, to t,=10°C with temperature depres-
sion of Atyo in combined AECh for the Kharkov and Beijing
climatic conditions are given in Fig. 6.
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Figure 6 — Current values of the GTU power output increment AN;5 due to ambient inlet air cooling to 15 <C in the ACh
and power increment output ANe;o due to ambient inlet air cooling to 10 <C in the AECh for July 2017:
a —Kharkov, Ukraine; b — Beijing, China
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As can be seen from the results, deeper GTU ambient
inlet air cooling to the temperature t;,=10°C provides a
current specific fuel consumption reduction Abg, of
10...15 g/(kW-h) (Fig. 4,a) and the GTU power output
increment AN, of 15...25 MW (Fig. 6,a) for Kharkov site
climatic conditions and 17...22 g/(kW-h) and 25...35 MW
for Beijing site climatic conditions (Fig. 4,b and 6,b). How-
ever, actual fuel savings will be slightly lower because of
spending some power output to overcome the air cooler
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aerodynamic resistance at the inlet of the GTU, with addi-
tion fuel consumption respectively.

The power production growth AN, per month and dur-
ing 2017 year for GTU GE 9351FA (nominal power output
260 MW) due inlet air cooling from varying current ambi-
ent air temperatures t,,, to cooled air temperatures t,, = 10
and 15°C for Kharkov, Ukraine, and Beijing, China, climat-
ic conditions are presented in Fig. 7.
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Figure 7. — The values of the monthly power production growth ANg mont for GTU GE 9351FA and power production
growth AN, during 2017 year for different cooled air temperatures t,,:
10 °C —the AECh; 15 °C —the ACh in 2017; a —Kharkov, Ukraine; b — Beijing, China

As can be seen from Fig. 7, cooling air at the inlet of
GTU GE 9351FA to the temperature of 15°C provides the
annual power production growth AN, ;5 about 35000 MW'h
for Kharkov climatic conditions (Fig. 7, a), whereas for the
Beijing climate (Fig. 7, b) — about 68000 MW-h. At the
same time, deeper ambient air cooling down to 10 °C pro-
vides obtaining a much larger gain of the GTU annual pow-
er production growth AN 30: about 64000 MW-h (Fig. 7, a)
and 109000 MW-h (Fig. 7, b) respectively.
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Attention should be paid to the considerable increase
in the GTU power production growth AN, ;o due to deeper
inlet air cooling to the temperature t;, = 10°C compared
with its cooling to t,,=15°C in 1.8 times for Kharkov cli-
matic conditions and 1.6 times for Beijing.

The fuel savings due to traditional inlet air cooling to
the temperature of 15°C and a deeper cooling to 10°C for
the climate of Kharkov site, Ukraine, and Beijing site, Chi-
na, for 2017 is presented in Fig. 8.
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Figure 8. — The values of the monthly fuel saving B, and fuel saving 2B, during 2017 year due to inlet ambient air cooling
to different temperatures t,,: 10 °C — in the AECh, 15 °C — in the ACh; a — Kharkov, Ukraine; b — Beijing, China
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As can be seen from the results in Fig. 8, the fuel sav-
ing B, per 2017 year as well as the GTU annual power
production growth AN, is increased by 1.8 times for
Kharkov site climatic conditions and by 1.6 times for Bei-
jing site while comparing with the moderate cooling to
15°C (2Be 15 and AN, ;5 ) by the ACh with a deep cooling
to 10°C (£Bg 10 and AN 19) by the AECh. However, it
should be taken into account that because of spending some
power output to overcome the air cooler aerodynamic re-
sistance at the inlet of the GTU, with addition fuel con-
sumption respectively, the actual effect will be somewhat
lower.

3. Conclusions

The efficiency of deep air cooling (down to 10 °C) at
the inlet of the GTU with waste heat recovery two-stage
combined absorption-ejector chiller (AECh) for the climat-
ic conditions at Kharkov site, Ukraine, and Beijing site,
China, has been analyzed.

It has been shown that deep inlet air cooling to the
temperature of 10 °C by AECh provides an increase in the
GTU annual power production growth AN, as well as the
annular fuel saving B, per 2017 year in 1.6...1.8 times
(for Beijing and Kharkov climatic conditions respectively)
as compared with traditional moderate cooling to 15°C by
the absorption lithium-bromide chillers ACh.
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AHani3 ecpeKTMBHOCTiI NOMipPHOIro Ta rmMMGoKOro oXosnoaXXeHHs NoBIiTPSA
Ha BXxoAi ra3oTyp6iHHOI yCTaHOBKM B Pi3HMX KNiMaTU4YHUX yMOBaX
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Ipoananizosano eghpexmusnicms 2nub0OK020 0XON00NHCEHHS NOGIMPS HA 8X00I 2A30MYPOIHHUX YCIMAHOBOK 00 memnepa-
mypu 10°C wasxom ymunizayii 8ionpayboeanozo menia KoMOIHO8AHOW abCOPOYIUHO-eNCEKMOPHOIO XOJOOUTLHOIO
MAWUHOKW 8 KIIMAMUYHUX ymoeax m. Xapxie, Yxpaina ma m. Ilexin, KHP, i nopieHsaHo 3 NOMIpHUM 0XOI00NCEHHAM NO-
simpst 0o memnepamypu 15 °C 6 mpaouyiinii abcopbyiuniti bpomucmonimicsii xon00unvhii mawuni. Excexmopna
XON0OUNbHA Mawiuna 06pana K Haubiibw npocma i Hadilina 6 ekcniyamayii. Bona suxopucmogyecmucs sk Hu3bKome-
MNepamypHutl Cmynino 0Jist 000X0JI00NCEHHS NOBIMPsl, NONEPEOHbO OXO0N00NHCEHO20 8 AOCOPOYILIHIL OPOMUCMONIMIESTI
X0n00unbHitl Mawuni 00 memnepamypu 6auzoko 15 °C. Obuosi menioguKopucmogyrodi Xon100unbHi Mawuny, abcopo-
yitina 6pomMucmonimiesa ma xaa0oH08a elHCeKMOPHA, SUKOPUCMOBYIOMb MENI0mY 8iONpayboBaHUX 2a3i8 2a3060i myp-
Oinu 015 8upobHuymea xoaody. Oxonodxicents nosimps Ha 6x00i 2a30mypOiHHOI YCMAHOB8KU 0YI0 00CIONCEHO 015
SMIHHUX KNIMAMUYHUX YMOG NPOmMA20M poKy. Pospaxoeano nomouni snauenns 3HudcenHs memnepamypu nogimps npu
11020 0X0NI00JICEHHT 80 NOKAZHUKIE HABKOIUUHBLO20 cepedosuwya 00 memnepamyp 101 15 °C ma 6i0nogionux neooxio-
HUX XOA0OUILHUX NOMYAICHOCIEN. B aKocmi nOKA3HUKIE OYIHKU epexmusHocmi 0X0100CeHHs NOGImpsl HA 8X00i 2a30-
MypOiHHOT YCMAHOBKU 3ACMOCOBAHO NOKAZHUKU PIYHOI eKOHOMII naauéa ma 3p0CmaHts 6UpoOHUYmMaea eiekmpoenepeii.
Ipu yvomy 6yau po3paxoeami NOMOUHI 6enUYUHY 30i1bUEHHS BUXIOHOT ROMYICHOCI MYPOIHU MA 3MEHUEHHS NUMOMOT
BUMPAMU NATUBA AK PE3VIALMAN OXOIO0NCEHHS NOGIMPS HA 6X00i 8I0 NOMOYHUX 3MIHHUX MEMNEPAMYpP HABKOAUUHBO2O
cepedosuuja 0o memnepamyp 10 i 15°C. Ilokasano, wo piuna eKOHOMIsi NAAUBA MA BUPOOHUYMEO eleKmpOoeHepaii 3po-
cmaroms y 1,8 pazu ona kaimamuynux ymog Xapkoea ma 6 1,6 pasu ona m. Ilexin 3a paxyHox enuboKoeo 0X0100HCeHH s
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nogimps 0o memnepamypu 10°C 6 xombinosanitl abcopoyitino-erncekmopHii Xoa100UTbHIL MAWUNI HOPIGHAHO 3 MPAOU-
YIUHUM OXOJI00NCEHHAM NOGimps Ha 6x00i 0o memnepamypu 15°C 6 abcopoyitiniti 6pomucmonimiesit X0100UIbHil

MAWUHL.

Knrwuosi cnoea: Oxonoodacenns; 3oeniwune nosimpsa; Iosimpsa na 6éxooi; I asomypbinna ycmanoska, 3HUMCeHHA mem-

nepamypu, Knimam.
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