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Abstract

There is a growing interest in engine diagnostichnology for gas turbine engines. An engine Rtmn
program, precisely simulating the engine perforneanis required in order to apply it to the enginagdosis
technology for engine health monitoring. In parfécu the simulation program can predict not onlysige
point performance but also off-design point andtipaload performance in accurate. So the engimeulsition
program for the 2-spool separate flow type turbofamgine was developed and the JT9D-7R4G engir
PW(Pratt & Whitney) was analyzed. The steady-satefopmance analysis is conducted at both design
off-design points in flight path and the differeacbetween analysis results of takeoff and cruiseditions
are compared. The effect of Reynold’'s correctionthmé was analyzed as a scaling method of the e
component performance. The simulation results wampared with NPSS
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A9 Flow ChartZ Fig. 322 ERASAT
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Off-Design
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[ Calculation ] ( End )

Fig. 3 Program Flow Cha

Table 1 Estimation Variables for Off-design Calculation

Variable Description
Fan_Rline Fan map’s auxiliary coordinates
LPC_Rline LPC map’s auxiliary coordinates
HPC_Rline HPC map’s auxiliary coordinates
HPT_PR HPT pressure ratio
LPT_PR LPT pressure ratio

Ny High pressure spool speed

Bypass—Ratio Bypass ratio

W Fuel mass flow rate

2.2.3 Reynold’s Correction

Ao ZAEzxAd el vle whatkgrh gepA] Al
HA FAE AeAHAEE gi71xde] Al Reynold’s
Correction methodE AR&3le] RHAINFATY (Eq.
14~16). Eq 15, 16 Gasturb 12014 A &3t 7] &
Z ¢l Reynold's Correction 355 AFE3IATHT7]. 7]
T X202 ISA Sea Level o], olu Reynold
number index(RNDE 1°] o] A 44 Fto] 1=
vERA

b /R- FLirer ey
RN[: t re, t,re. re. (14)
})tﬂ'ef RT; H

B 1—0.975

F o RND = ) =In(0.975) In(RNI) +1 (15)
B 1—0.95

fU(RN])——ln(l)iln(oll)Zn(RN])—H (16)

o]71elA]  RNI= Reynold number index, f, e
F B4 A 5 88 B4 AEe Yehig

AR} refE= ISA Sea Levelo| A9 #H& et

3.1 Hatate] sl =2

JTOD <lzle] vheFat Hlgx=dE sfAstr] e A
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Table. 22 YEHSATH8,9].

Low mach cruise
105

106
Maximum mach

High mach cruise
104

108

Maximum Q
m
Altitude 108 109 110 1.3vs 30° Flap
. 1.3vs  13vs
Mid climb 100 Flap
102 Low climb 113
Approach
101 T.O. rotation
® T.0.roll Time — minutes 116 116
(100) Touchdown TR

Fig. 4 Acceptance Flight Test Profile|
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34 d.p.¥& design pointd <Fojolw, R.C.E=
Reynold’s Correction®] ¢FolZ A}-8-3}%it}.

Table 2 Flight Operating Condition Used in Calculati

Airspeed
Flight o Altitude
- Description (Mach
Condition (m)
Number)
0 Sea level 0 0
102 Low climb 914 0.401
103 Mid climb 5,330 0.617
High Mach
104 ) 10,670 0.860
Cruise
Low Mach
105 ) 10,670 0.770
Cruise
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Mass Flow Rate(kg/s)
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Fig. 5 Mass flow rate at each station for Cases
111 and 211

Table 3 Nomenclature of the Flight Operating Conditions cduse the Calculation

Flight Developed Program (1) NPSS (2)

- PLA Ground d.p.(1) Cruise d.p. (2) Ground d.p.(1) Cruise d.p.(2)
Condition with. Reynold’s correction (1) | w.o. R.C (2) with. R.C. (1)

0(#1) 100% 111-1 121-1 122-1 211-1 221-1
102(#2) 100% 111-2 121-2 122-2 211-2 221-2
103(#3) 100% 111-3 121-3 122-3 211-3 221-3
104(#4) 100% 111-4 121-4 122-4 211-4 221-4
105(#5) 100% 111-5 121-5 122-5 211-5 221-5
105(#6) 95% 111-6 121-6 122-6 211-6 221-6
105(#7) 90% 111-7 121-7 122-7 211-7 221-7
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Table 5 Mass Flow Rate, Total Pressure, To
Temperature Error using Cruise Design Point

1000 [

Total Pressure(kPa)

500 m Pt Tt Total
case # Error Error Error Error
— (%) (%) (%) (%)
#1 #2 #21 H22 #23 #24 #25 #SS‘:QD;MS #48 #5 H#7 #9 #13 #17 #19 1 0.079 0.277 0.447 0.268
2 0.073 0.327 0.483 0.294
Fig. 6 Total pressure at each station for Cases 3 0.024 0.388 0.491 0.301
and 21 4 0.038 | 0390 | 0480 | 0.303
5 0.052 0.395 0.505 0.317
te00r 6 0.032 0.371 0.494 0.299
ol 7 0.038 | 0.383 | 0.549 | 0.323
AWZDD’
X 700
2 1000 o e
3 L
T 7 Pty
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600 & 221-5
== 2 s
2200* \
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Fig. 7 Total temperature at each station for Cases R R T e
111 and 211 Fig. 8 Mass flow rate at each station for Cases
121 and 221

Table 4 Mass Flow Rate, Total Pressure, and Tc
Temperature using Ground Design Point

m Pt Tt Total 1400 1
case # Error Error Error Error g oo
(%) (%) (%) (%) |

0.000 0.067 0.040 0.036

800

o
S
S

Total Pressi

0.020 0.071 0.079 0.056

N
S
S

0.044 0.055 0.055 0.063
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=]
=]

0.040 0.051 0.087 0.060

N OO W N~

0.038 0.053 0,058 0.050 #1 #2 #21 #22 #23 #24 #25 #35(:30:45 H#A8 #5 #7 #9 #13 #17 #19
0.027 0.063 0.077 0.056 Fig. 9 Total pressure at each station for Cases
0.040 0.084 0.064 0.063 and 221
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Fig. 11 Mass flow rate at each station for Cases
121 and 12

121 and 12

Table 6 Mass Flow Rate, Total Pressure, Total T

-perature Error Using Reynold’s Correction

m Pt Tt Total
case # Error Error Error Error
(%) (%) (%) (%)

0.018 0.313 0.464 0.265

0.032 0.349 0.482 0.288

0.041 0.379 0.501 0.307

0.036 0.378 0.507 0.307

0.033 0.377 0.510 0.307

0.041 0.381 0.507 0.310

N OO | O |W( DN+~

0.043 0.384 0.509 0.312
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Table 7 Comparison of thrust calculate

NPSS Program Error
case # | (pf) (bf) (%)
x11-1 50,943 50,928 0.029
x11-4 11,305 11,321 0.143
*21-1 47,257 47,385 0.270
*21-4 11,190 11,302 1.002
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