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Study and test validation of turboshaft engine on-line
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Abstract: A model based on-line turboshaft engine (TSE) performance monitoring
technology was studied, while an on-line TSE performance monitoring software was devel-
oped and subsequently applied to an actual TSE land rig test. Test results show that the
software could automatically distinguish the working state of TSE on rig test. With use of
the atmosphere pressure and temperature, gas turbine rotor speed and power turbine rotor
speed, the software could calculate the TSE performance parameters such as compressor
pressure ratio, power turbine inlet gas total temperature, output shaft power and specific fu-
el consumption et al. The calculation error of compressor pressure ratio between TSE model
and the specific engine in rig test is less than 2. 3%, which shows the significant performance
difference between testing engine and baseline engine, and the effectiveness of the on-line

TSE performance monitoring technology is confirmed.
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Fig. 2 Sketch of twin-spool free turbine turboshaft engine
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Fig. 5 Flowchart of turboshaft engine performance monitoring software
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Graphic user interface of turboshaft engine performance monitoring software

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



4 727
b
5 ’
110 T T T
Wf 2 g s - mlesl
No.Tus 1007 7 ~model 23% == i
A
3 o) o | )
. 8or I'i'esl data il
g 1as o
& 70F d 1
60k Model ealeulaling resuls i}
’ S0F EY ] l‘l-
N 40 1 1 1 1
0 100 200 300 400 500
Time/s
b ’ 8
Fig. 8 Chart of time-dependent compressor
1 s pressure ratio
200 ms s 4, () 110 i i . . . . .
) 100 H u ?T'.“IPSI i
N=50,6=0.003, ——n—tmodel
90 E
Ng s MNp 7 7 ’
g 8O+ Test dala
n, o
100 y n 0 Model caleulating resulis’
0 H N
’ T 60 Average performance line
1% 7
50 .
b
40 . A A . . . .
W, &) , 84 8 88 90 92 94 96 98 100
n (%
£
’ 9
Fig. 9 Chart of compressor pressure ratio with
varying gas turbine rotor speed
—_— ng-all n,.—stea(ly npvall -102
102 - n ~steady / - n —sleady X v Y
. wall 100F * No-test 1
_ WWW‘IM 100 —— N Zmodel -
] - 80} &
L ™~ Tesl data
& 9%4r 9 §- £ 60+ 2l
= ~= 5
T ) = 40 flodel calculating resul
B odel calculaling resulls
ook 04 s
r 92 201 ™~ Average performance line
86 =
L . ' ' 20 %o 70 80 90 100
0 100 200 300 400 500
. T %
Time/s :
10
7

Fig. 7 Chart of rotor speed in land rig test

Ng s Ny TsO s Do

’ WﬂNe!S[c’WaZ’pm’Prsﬂ'hw

TssTus»Ts 5 8~ 12

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

Fig. 10  Chart of shaft output power with varying

power turbine inlet temperature
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