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Research on the Ambient Humidity Effect on Civil
Turbofan Engine Performance
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Abstract: In order to analyze the humidity effect on civil turbofan engine performance parameters, the humidity
correction module for gas property and component characteristics are led into the engine based on components
match method, and the simulation model of ambient humidity effect on civil turbofan engine is established. The
humidity effect on engine thrust, spool speed and inlet mass flow are analyzed, and the correction cutves are ob-
tained. According to the humidity requirement stipulated in the airworthiness regulation of CCAR-25, the hu-
midity effect on 6 key operating conditions in the flight envelope is simulated. Results show that the engine will
be affected most on the hot day takeoff, and the thrust will be decreased by 0. 56 percent. In order to recuperate
the thrust loss, the fan relative correct speed should be raised by 0. 23 percent. The simulation results are com-
pared with the humidity correction curves provided by the reference, and the same trend and similar order of
magnitude verify the reliability of the simulation model.
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Fig.1 Effect of humidity on gas property
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Fig.2 Standard humidity in the airworthiness regulation

2 iEAE

B FIR R R S AL 8 R B o T 32 B R U 4
B, O Bs Il 3 Brm . iR RSP ES
B, KEFEBENFEOR L OMARTE, E
BRASHFERALBREFERB T EHETR
il » 18 23 B AR RE DT BOOR W5 B 2 S ALIE R TIET
i 1 R

i
i St
1
/’ - — — — - T
= [P [P TR [y o] ST | [T [05E ] fria]
e [ b (PR e || || e | [
1 ! I I [ I
_d Loe.m. + j + — i fmm——— fmrmem
' ' ! ! ! ! ! !
1 2 25 3 4 45 5 6

B3 FRAWREZSIL

Fig. 3 Flow path of a civil turbofan engine
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Table 1 Guess values and error values
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Fig. 4 Flow chart of the humidity effect simulation
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Fig.5 Curve of ¢-d at different ambient temperatures
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Fig.8 Effect of humidity on inlet mass flow
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Table 2 Effect of humidity on different conditions
(Constant Ny,)
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Fig.9 Verification of humidity effect on thrust

1.0
AR SCARAY
o8k |~~~ XIS R A AL
== R TRAL
0.6
=04
<
0.2
......
0 -
02 1 1 1 J
0 0.01 0.02 0.03 0.04

WAR
B 10 18R R SPLEE R e Y BRiE
Fig. 10 Verification of humidity effect on high

pressure compressor spool speed

0.4
A B
0 - = - xRN R B

04 o |mrm vismrRSO
X ) S
& RS
& 08 F IR
< ~. =

1.2 F

1.6

2.0 L

0 0.01 0.02 0.03 0.04
WAR

B 11 3 EEX SRR A IR

Fig. 11 Verification of humidity effect on inlet mass flow
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