Tabel General Parameter Input Turbo-Prop Engine PT6A-114A

Parameter Input Satuan
Ye 14 -
Chpc 0,24 Btu/(Ibm.°R)
Yt 1,3 -
Cht 0,276 Btu/(Ibm.°R)
hrr 18.400 Btu/lbm
Tldmax 0,97 -
b 0,90 -
Td 0,98 -
b 0,96 -
n 0,99 -
Tt 0,46 -
Tc 7 -
Jc 32,174 ft.lom/(Ibf.s?)
€c 0,90 -
etH 0,89 -
e 0,91 -
b 0,99 -
g 0,99 -
HmH 0,99 -
fimL 0,99 -
Mprop 0,83 .

Tabel 4.2 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 524,07 °R
Tty 1.679,67 °R

1. Perhitungan performance pada TBO (3.600 hours) pada ketinggian 4.500 ft
berdasarkan data aircraft flight log yang di record pada 31 Oktober 2014.
Tabel 4.1 merupakan parameter input engine TBO 3.600 hours.

Tabel 1.1 General Parameter Input Turbo-Prop Engine PT6A-114A

| Parameter | Input | Satuan |




Ye 1,4 -
Cpc 0,24 Btu/(Ibm.°R)
Yt 1,3 -
Cht 0,276 Btu/(Ibm.°R)
hpr 18.400 Btu/lbm
Tldmax 0,97 -
b 0,90 -
Td 0,98 -
b 0,96 -
Tn 0,99 -
Tt 0,46 -
T 7 -
Jc 32,174 ft.lom/(Ibf.s?)
Ec 0,90 -
etH 0,89 -
e 0,91 -
b 0,99 -
Ng 0,99 -
HmH 0,99 -
AL 0,99 -
Mprop 0,83 i}

Tabel 1.2 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 524,07 °R
Tty 1.679,67 °R

Perhitungan:
1) Menghitung konstanta gas di kompresor:
Y. — 1
Re == Ve Cre

R. = konstanta kompresor

Y. = Ratio Specific Heat Compressor, ketetapan nilai 1,4

Y. = ketetapan, nilai 1,4 ref. Element of Gas Turbine Propulsion



2)

3)

Cpc = Specific heat compressor, ketetapan nilai 0,24 BTU/lbm.°R

Ref.Element of Gas Turbine Propulsion,Jack D.Mattingly
Ro=—271 504
1,4
R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf /Ibm.°R

R. = 53,35954 ft.lbf/lbm.°R

Menghitung konstanta gas di turbine:

Ye—1
Vi
R; = konstanta turbine

Rt: C

pt

¥: = Ratio Specific Heat Turbine, ketetapan nilai 1,3
Ref.Element of Gas Turbine Propulsion,Jack D.Mattingly
Cpt = Specific heat turbine, ketetapan nilai 0,276 BTU /lbm.°R

Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly

_13-1
13

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

R;

0,276 = 0,63692 BTU/Ibm.°R

Menghitung Sound Speed atau kecepatan suara:
ao =Y Rc gc To.
a, = Sound Speed
Y. = Specific Heat Compressor Ratio, ketetapan nilai 1,4
Ref.Element of Gas Turbine Propulsion,Jack D.Mattingly
R, = konstanta gas di turbine
= dari hasil perhitungan sebelumnya 53,35954 (ft.lbf /lbm.°R)
ge = Newton value
ge = 1 Newton = 3,2808 ft/sec”

Ilbm
ge = 3,2808 x 9,806754 (T) feet/sec?



4)

ge = 32,174 feet.lbm/(lbf.sec?)

T, = Ambient temperature in the flight (°R)
Diketahui OAT = 18°C

OAT = (273,15+18)°K = 291,15K

OAT =T, = 291,15 x 1,8 = 524,07°R

ay = +/1,4x 53,35954 x 32,174 x 524,07
ag = 1.122,321406 ft/sec

ap = 1.122,321406/3,28 meter/sec

ap = 342,17116 meter/sec

0
Tooo /AT

a, = 1.231,8161 km/hr
karena 1 knot =1 NM /hr

1 NM = 1,852 km, maka

a, = 1.231,8161/1,852 NM /hr
a, = 665,1274 NM /hr

ap = 342,17116 x

Menghitung Absolute velocity:

Vo= TAS=(—=x 2% x 0,98 x IAS) + IAS

Vo = Absolute Velocity

TAS= True Air Speed (knot)

FL = Flight level or altitude pada ketinggian terbang 4.500 ft
IAS = Indicated Air Speed, sebesar 146 knot

Vo= (o0x 2% x 0,98 x 146) + 146

Vo= 158,8772 knot

Vo= 158,8772 NM /hr

Vo= 158,8772 x 1,852 km/hr

Vo= 294,24057 km/hr

Vo= 81,72643 m/sec

Vo= 81,72643 x 3,2808 = 268,12808ft/sec



5) Menghitung Ratio Temperature Ram:

Vc_l
2

T, = Ram Temperature Ratio

T, =1+ M?

Y. = Specific Heat Compressor Ratio, ketetapan nilail,4
Ref.Element of Gas Turbine Propulsion,Jack D.Mattingly

My = Mach Number (Mach)
My =Vy/a,
Vo = Absolute Velocity

= dari hasil perhitungan sebelumnya sebesar 268,1281ft/sec
a, = Sound Speed = 1.122,321376 ft/sec

= hasil perhitungan sebelumnya sebesar 1.122,321376 ft/sec

2681281
0 ™ 1122321376

14-1
=1+ 70,2389052

= 0,238905 Mach

7, = 1,01142

6) Menghitung Ram Pressure Ratio:
T, = Tr)/c/ re—1
1, = Ram Pressure Ratio
T, = Ram Temperature Ratio
= dari hasil perhitungan sebelumnya sebesar 1,01142
Y. = Specific Heat Compressor Ratio, ketetapan nilai 1,4
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
m, = 1,011415%4/ (141 = 1 04053

7) Menghitung Inlet Pressure Ratio:
Tg = Mamax X Nr
g = Inlet Pressure Ratio

Tamax = Maximum Difuser Pressure Ratio, ketetapan nilai 0,97



Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly

8)

9)

1, = Ram Ef ficiency
Dimana:

ny-=1untuk My <1

Ny =1—0,0075(M, — 1)3% untuk M, > 1
g =0,97x1=0,97

Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

_ Cpe X Ty

CpcTo

T, = Entalphy Ratio

Cpt = Specific Heat Turbine, ketetapan nilai 0,276 BTU /lbm.°R
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly

Cpc = Specific Heat Compressor, ketetapan nilai 0,24 BTU /lbm. °R
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly

T;4 = Inter Turbine Temperature, sebesar 1.679,67 °R

T, = Temperature Ambient, sebesar 524,07 °R

0,276 x1.679,67
= 024 £ 524,07

= 3,68581

Menghitung temperature ratio di ruang bakar dengan ambient

temperature pada ketinggian terbang :

T, = nc(yc—l)/ (Ve &)

T. = Compressor Temperature Ratio

. = Compressor Total Pressure Ratio, sebesar 7
Ref.General Engine PT6A — 114A EMM 72 — 00 — 00

Y. = Ratio Specific Heat Compressor, ketetapan nilai 1,4
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly

e. = Polytropic Ef ficiency Compressor, ketetapan nilai 0,90
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly



7, = 7(14-1D/ (14x090) — 1 85475

10) Menghitung Compressor Efficiency:

nc()’c_l)/)’c -1

Ne = T, —1

n. = Compressor Ef ficiency

. = Compressor Total Pressure Ratio, ketetapan nilai 7
Ref.General Engine PT6A — 114A EMM 72 — 00 — 00

Y. = Specific Heat Compressor Ratio, ketetapan nilai 1,4
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly

T. = Compressor Temperature Ratio

= dari hasil perhitungan sebelumnya sebesar 1,85475
7(1,4-1)/14 _ 4

e = ™1 854748 — 1

=0,87001

11) Menghitung Fuel/Air Ratio:
_ 0~ Trlc
B Nohpr/(CpcTo) — T2
f = Fuel/Air Ratio

T, = Entalphy Ratio
= dari hasil perhitungan sebelumnya sebesar 3,68581
T, = Ram Temperature Ratio
= dari hasil perhitungan sebelumnya sebesar 1,01142
T. = Compressor Temperature Ratio
= dari hasil perhitungan sebelumnya sebesar 1,85475
1, = Blade Ef ficiency, ketetapan nilai 0,99
Ref. Element of Propulsion Engine, Jack D. Mattingly
hpr = Low Heating Value Fuel, ketetapan nilai 18.400 BTU /lbm
Ref. Element of Propulsion Engine, Jack D. Mattingly

C

pc = Specific Heat Compressor, ketetapan nilai 0,24 BTU /lbm. °R

Ref. Element of Propulsion Engine, Jack D. Mattingly



T, = Temperature Ambient, sebesar 524,07 °R

B 3,68581 — 1,01142 x 1,85475 — 0.01282
f= 0,99 x 18.400/(0,24 x 524,07) — 3,68581

12) Menghitung High Temperature Turbine:
_ Tr(Tc - 1)
an(l + f)TA

Ty = High Turbine Temperature Ratio

TtH=1

T, = Ram Temperature Ratio2

= dari hasil perhitungan sebelumnya sebesar 1,01141
T, = Compressor Temperature Ratio

= dari hasil perhitungan sebelumnya sebesar 1,85475
Nmu = High Pressure Mass Flow Ef ficiency, ketetapan nilai 0,99

Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
f = Fuel/Air Ratio
= dari hasil perhitungan sebelumnya sebesar 0,01282

T, = Entalphy Ratio

= dari hasil perhitungan sebelumnya sebesar 3,68581

_,_ _101142(1,85475 — 1)
teH = 2 7099(1 + 0,01282)3,68581

= 0,76608

13) Menghitung Turbine High Temperature Ratio:

_ Yt/lre-veen,
Tty = TtH

sy = High Turbine Total Pressure Ratio
T:y = High Turbine Temperature Ratio
= dari hasil perhitungan sebelumnya sebesar 0,76608
¥+ = Ratio Specific Heat Turbine, ketetapan nilai 1,3
Ref.Element of Gas Turbine Propulsion,Jack D.Mattingly

ey = Polytropic Ef ficiency High Pressure Turbine, nilai 0,89
Ref.Element of Gas Turbine Propulsion,Jack D.Mattingly



1,3
Ty = 0,76608(L3-D089 = 0,27324

14) Menghitung Turbine Low Temperature Ratio:

-1/e
T /etn

tH
T;_-kLi = —+A
s

Dimana
— -1
T = (ﬂrn'dn'cn'bn'n)(yt )/ Yt

dan

[Vc - 1] [ Mg
A= 2 (T4 Ten)
- 2

(MpropNgNme)

m = Pressure

1, = Ram Pressure Ratio
= dari hasil perhitungan sebelumnya sebesar 1,04053
ny = Inlet Pressure Ratio, ketetapan nilai 0,97
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
., = Compressor Total Pressure Ratio, nilai 7
Ref.General Engine PT6A — 114A EMM 72 — 00 — 00
1, = Burner Total Pressure Ratio, ketetapan nilai 0,96
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
1, = Nozzle Total Pressure Ratio, ketetapan nilai 0,99
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
¥: = Ratio Specific Heat Turbine, ketetapan nilai 1,3
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
A = Area
Y. = Specific Heat Compressor Ratio, ketetapan nilai 1,4
Ref.Element of Gas Turbine Propulsion,Jack D.Mattingly
M, = Mach Number
= dari hasil perhitungan sebelumnya sebesar 0,238905 Mach
T; = Entalphy Ratio

= dari hasil perhitungan sebelumnya sebesar 3,68581



Ty = High Turbine Temperature Ratio
= dari hasil perhitungan sebelumnya sebesar 0,76608

Nprop = Ef ficiency Propeller, ketetapan nilai 0,83

Ref.Element of Gas Turbine Propulsion,Jack D.Mattingly
ng = Efficiency Gas, ketetapan nilai 0,99

Ref.Element of Gas Turbine Propulsion,Jack D.Mattingly
Nmi. = Low Pressure Mass Flow Ef ficiency, ketetapan nilai 0,99

Ref.Element of Gas Turbine Propulsion,Jack D.Mattingly
Dengan substitusi data yang ada didapatkan hasil perhitungan sebagai
berikut
m = (1,04053 x 0,97 x 7 x 0,96 x 0,99)13-D/13 = 1 55186
dan

[1,4 — 1] [ 0,2389052
2 (3,68581 x 0,76608)

A=
(0,83x 0,99 x 0,99)2

= 4,043x 1073

Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati
0,0001.
0,76608~1/0.89

i 4,043x 1073 = 0,87336
TeLi 155186 | B
—1/etn —1/etn —1/et
T —1_ 1—eqyT T
TiLx = —tHT[ TtL(il etL)/etL +A(1+ o tL “tH T[tL )2
0,76608~1/0.89
= - 0,87336_(1/0'91)/0'91
TeLx 155186 +

1—0,910,766081/089% (0 87336~ 1/091
4,043x 1073(1 + .

0,91 1,55186
T = 0,8859
—1/etq —1/ety —1/eer
_ Ln —(1-eg)/e 1—ey Ty Tel,
T = = — Tun T A1+ ” - )2

0,766081/0.89
TtLxx = {51860 0,8859_(1/0'91)/0'91 +




1—0,910,766081/08% ,8859~1/0.91 ,

4,043x 1073(1 +

0,91 1,55186
TtLxx = 0,8847
-1/e -1/e -1/e
_ Ttn o —(1—e¢r)/erL Al 1- €L Tty tH TtLxx tL 2
Tthxx - tLxx + ( + )
T étr T

0,76608~1/0.89

TeLxxx — 1Eo186 0,8847_(1/0'91)/0'91 +

1-10,910,76608"1/089% (0, gg47~1/091
0,91 1,55186

2

4,043x 1073(1 +

TtLxxx = 0,884‘8
Terxx — Teixxx = 0,8847 —0,8848 = 0,0001 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,8848

15) Menghitung Turbine Low Pressure Ratio:

Y t
— Yi—leg
Te, = TtL

1y, = Low Turbine Total Pressure Ratio
T;, = Low Turbine Temperature Ratio
= dari hasil perhitungan sebelumnya sebesar 0,8848
¥: = Ratio Specific Heat Turbine, ketetapan nilai 1,3
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
e, = Polytropic Ef ficiency Low Pressure Turbine,nilai 0,91

Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly

1,3
m,, = 0,8848(13-D091 = 0,55829

16) Menghitung Ratio Total Pressure dan Overall Pressure:

Py
P_ =S Ty Mg cMpTegTe Ty
0

P,
— — Ratio Total Pressure and Overall Pressure

0

1, = Ram Pressure Ratio



= dari hasil perhitungan sebelumnya sebesar 1,04053
g = Inlet Pressure Ratio, ketetapan nilai 0,97
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
. = Compressor Total Pressure Ratio, nilai 7
Ref.General Engine PT6A — 114A EMM 72 — 00 — 00
m, = Burner Total Pressure Ratio, ketetapan nilai 0,96
Ref.Element of Gas Turbine Propulsion,Jack D.Mattingly
.y = High Turbine Total Pressure Ratio
= dari hasil perhitungan sebelumnya sebesar 0,27324
¢, = Low Turbine Total Pressure Ratio
= dari hasil perhitungan sebelumnya sebesar 0,55829
1, = Nozzle Total Pressure Ratio, ketetapan nilai 0,99

Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly

P
% = 1,04053 x 0,97 x 7 x 0,96 x 0,27324 x 0,55829x 0,99
0

P
-~ 11,0243
Py

¥+ = Ratio Specific Heat Turbine = 1,3

Py (Vt + 1>Vt/(Yt—1)

P, 2

Poo _ (1'3 * 1)1’3/(1'3_1) = 1,83242
P, 2 ’

P, %9 1,83242

0_ 59 — 1,78894

Py Po 11,0243
Py

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

E: \/ZTATtHTtL [1 B (Ptg)—()’t—l)/)’t]

Qo Ye—1 Py

V.
—2 = Rasio kecepatan aliran udara di nozzle dan sound speed
Qo



T, = Entalphy Ratio
= dari hasil perhitungan sebelumnya sebesar 3,68581
Ty = High Turbine Temperature Ratio
= dari hasil perhitungan sebelumnya sebesar 0,76608
7, = Low Turbine Temperature Ratio
= dari hasil perhitungan sebelumnya sebesar 0,8848
Y. = Specific Heat Compressor Ratio, ketetapan nilai 1,4
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
¥+ = Ratio Specific Heat Turbine, ketetapan nilai 1,3
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly

Vs 2 x 3,68581 x 0,76608 x 0,8848

— = 1 —(183242)-13-1)/13
o j - [1-(1,83242) ]
Vo

— = 1,27645

Qo

18) Menghitung Koefisien Kerja Output Propeller:

Corop = NpropNgNmr (1 + T1ey(1 — 141)
Nprop = Ef ficiency Propeller, ketetapan nilai 0,83

Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
ng = Ef ficiency Gas Turbine, ketetapan nilai 0,99

Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
Nmi = Low Pressure Mass Flow Ef ficiency, ketetapan nilai0,99

Ref.Element of Gas Turbine Propulsion,Jack D.Mattingly
f = Fuel/Air Ratio

= dari hasil perhitungan sebelumnya sebesar 0,01282
T; = Entalphy Ratio
= dari hasil perhitungan sebelumnya sebesar 3,68581
T:y = High Turbine Temperature Ratio
= dari hasil perhitungan sebelumnya sebesar 0,76608

T;, = Low Turbine Temperature Ratio



= dari hasil perhitungan sebelumnya sebesar 0,8848
Cprop = 0,83 x0,99 x 0,99x (1 + 0,01282)3,68581x 0,76608(1 — 0,8848)
Cprop = 0,26539

19) Menghitung Koefisien Kerja Compressor Core:

) R
T P
C. = (y. — 1M,[(1 = —My+ (1 Lto___9
c (VC ) O[( +f)a0 0+( +f Rcﬁ Ye
Qo

C. = Koefisien kerja output core
Y. = Specific Heat Compressor Ratio, ketetapan nilai 1,4
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
My = Mach Number
= dari hasil perhitungan sebelumnya sebesar 0,238905 Mach

V.
a—9 = Rasio aliran udara di nozzle dan sound speed = 1,27645
0

= dari hasil perhitungan sebelumnya sebesar 1,27645
f = Fuel/Air Ratio
= dari hasil perhitungan sebelumnya sebesar 0,01282
R; = Konstanta Turbine
= dari perhitungan sebelumnya sebesar 49,56281 ft.lbf/bm.°R
R, = Konstanta Kompresor

= dari perhitungan sebelumnya sebesar 53,35954 ft. [bf /lbm.°R
Tio _ Te

= TinTtL
T, T, tHTt

T:4 = Interturbine Temperature, sebesar 1.679,07 °R
T, = Temperature Ambient, sebesar 524,07 °R
Ty = High Turbine Temperature Ratio

= dari perhitungan sebelumnya sebesar 0,76608
T, = Low Turbine Temperature Ratio

= dari perhitungan sebelumnya sebesar 0,8848



o _ 1,78894
Py

Ty _ 1.679,67 0,76608 x 0,8848 = 2,17245
Ty 524,07 X DOOe = 4
T. T 2,17245
9 Ty _ ) _
T, = Tt D, = 1,88908
ve  (1,83242) 1,3

C.=(1,4-1)0,238905[(1 + 0,01282)1,27645 — 0,238905

49,56281 1,88908 1 —1,78894
53,35954 1,27645 1,4

+ (1+0,01282)

C, = 0,02574

20) Menghitung koefisien kerja output pada engine core total:
Crot = Cprop + C¢
C:o+ = koefisien kerja output pada engine core total
Cprop = Koefisien Kerja Output Propeller
= dari hasil perhitungan sebelumnya sebesar 0,26539
C. = Koefisien kerja output core
= dari hasil perhitungan sebelumnya sebesar 0,02574
Ctor = 0,26539 + 0,02574
Ctor = 0,29113

21) Menghitung Thrust and Mass Flow Ratio:
F _ CtothcTO

my Vo

F
— = Specific Thrust
my

Cto¢ = koefisien kerja output pada engine core total
= dari hasil perhitungan sebelumnya sebesar 0,29113
Cpc = Specific heat compressor,nilai 0,24 BTU /lbm.°R
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
T, = Temperature Ambient, sebesar 524,07 °R



Vo = Absolute Velocity

= dari hasil perhitungan sebelumnya sebesar 268,1281 ft/sec
F 029113 x 0,24 x 524,07

m, 268,1281

F
— = 179,34758 Ibf /(Ilbm/sec)

my

22) Menghitung Specific Fuel Consumption:
_f
~F

/xing

f = Fuel/Air Ratio

S

= dari hasil perhitungan sebelumnya sebesar 0,01282
P Specific Thrust
— pecific Thrus
= dari hasil perhitungan sebesar 179,34758 Ibf /(lbm/sec)

~0,01282 x 3600
~179,34758

= 0,2574 (Ibm/hr)/1bf

23) Menghitung Specific Power:

W—C CpcT
r'no_ tot~pct0

N specific P
e pecific Power

Ctot = koefisien kerja output pada engine core total
= dari hasil perhitungan sebelumnya sebesar 0,29113
Cpc = Specific heat compressor,nilai 0,24 BTU /Ibm.°R
Ref.Element of Gas Turbine Propulsion,Jack D. Mattingly
T, = Temperature Ambient, sebesar 524,07 °R

W
—=0,29113 x 0,24 x 524,07
my

%
== 36,61746 hp/(lbm/sec)
0



24) Menghitung Efficiency Thermal, Propulsive, Overall

T = Ctot
T = FxhPR
Cpcx T,
C
T]P — C 1 tot V _
prop\ | (Ye— Vo\> .
(nprop) + ( 2 )X (1 + f)x [(ao) MO]
n0 =nT x nP
maka diperoleh:
- 0,29113 sso
Ml = 501282 x 18400 ~ 1>°%
0.276x524,07
p 0,29113
nP = —
(0%685339) + (1’42 1) x (1 +0,01282)x [(1,27645)2 — 0,2389052]
nP = 45,6%

1n0 = 15,5% x 45,6% = 7,1%

Perhitungan performance pada TBO (3.600 hours) pada ketinggian 5.500 ft
berdasarkan data aircraft flight log yang di record di. Tabel 1.3 merupakan

parameter input engine TBO 3.600 hours.

Tabel 1.3 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 527,27 °R
Tts 1.706,67 °R

Perhitungan:

1) Menghitung konstanta gas di kompresor:

Y. — 1
Re = C}’c Coe




2)

3)

4)

5)

Ro= 1 404
cT 1,4 ’
R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf /lbm.°R

R. = 53,35954 ft.lbf/lbm.°R

Menghitung konstanta gas di turbine:

Ye—1
Vi

1,3—-1 o
50,276 =0,63692 BTU/Ibm.°R

1

Cpt

Rt:

Rt=

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

Menghitung Sound Speed atau kecepatan suara:

Ao = +Yc Re g: Ty
ap = \/1,4 x 53,35954 x 32,174 x 524,07
ap, = 1.126,1696 ft/sec

Menghitung Absolute velocity:
Vo= TAS=(—=x 2% x 0,98 x IAS) + IAS

Vo= (%x 2% x 0,98 x 144) + 144

Vo= 159,532 knot

Vo= 159,532 NM /hr

Vo= 159,532 x 1,852 km/hr

Vo= 295,453264 km/hr

Vo= 82,07035 m/sec

Vo= 82.07035 x 3,2808 = 269,2183ft/sec

Menghitung Ratio Temperature Ram.:



6)

7)

8)

9)

Vc_l

T, =1+ 5 M?
dimana:
My =Vy/ao
o = 2218 _ (239057 Mach
1126,1696
1,4-1
T,,=1+ 70,2390572
T, = 1,01143

Menghitung Ram Pressure Ratio:

T[T — TTYC/ (YC_l)

m, = 1,01143%%/ (14=1) = 1, 04058

Menghitung Inlet Pressure Ratio:
Ta = Mamax X Nr
Dimana:
n,= 1 untuk M, <1
7, = 1—0,0075(M, — 1)*3> untuk My, > 1
Ty =097x1=0,97
Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

Cptht‘l-
D=7
pct0
_ 0276x170667 _ .
Y= T 024x527.07

Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = n’c()’c_l)/ (Ve &c)

7, = 7(14=1D/ (14x090) — 1 85475



10) Menghitung Compressor Efficiency:

ﬂC(Yc_l)/Yc -1

nC = TC _ 1
7(1,4—1)/1,4 _ 1
_ — 0,87001
Me = 1854748 — 1

11) Menghitung Fuel/Air Ratio:
_ T~ Trlc
S henl CoeTo) — 12
3,7195 — 1,01143 x 1,85475

= =0,01316
f 0,99 x 18.400/(0,24 x 527,67) — 3,7195
12) Menghitung High Temperature Turbine:
- —1— Tr(Tc - 1)
tH Nmu (1 + )1
1,01143(1,85475 — 1)
= 0,76827

=1-
ter 0,99(1 + 0,01316)3,7195

13) Menghitung Turbine High Temperature Ratio:

_ Vt/ve-Deeq
Tty = TtH

1,3
0,76827(1,3-1)0,89 = 0,27707

Tty

14) Menghitung Turbine Low Temperature Ratio:

—1/ety
« _ Ltm A
Teri = - +
Dimana

— -1
= (nrﬂdncﬂbﬂn)(n e

dan

P lmes

(MpropNgNme)?
m = (1,04058 x 0,97 x 7 x 0,96 x 0,99)(13-D/13 = 1 55188




dan

[1,4 — 1] [ 0,239057>
2 (3,7195 x 0,76827)

— -3
(0832099 x 0092 +x10

A=

Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati
0,0001.
0,768271/0.89

i = 155188 +4x107% =0,87052
_1/81;1.1 _1/31:1-1 _1/etL
Ttn —(1—e¢r) /et 1—ey TiH Ty 5
= T Ty + A1+
Terx p T ( ™ - )
0,768271/0.89
Ttrx = 155188 0,87052~(1/0,91)/091 4
4x10-3(1 4 L2991 0,7682771/089x 0870527 1/091
i ( 0,91 1,55188
Terxe = 0,88332
—-1/ety ey _—1/eq
1—egqT T
tH —(1—ecr)/esr tL ttH tLx 2
= + A1+
TtLxx - ‘L'th ( o - )
0,76827°1/089
Ttlax = 15168 0,88332_(1/0'91)/0'91 +
4 10_3(1 4 1—0,910,76827"1/089 0,88332~1/0.91 ,
i 0,91 1,55188
Tixx = 0,88204
—1/e¢ty AJewy _—1/eq
z -(1- 1—e, T T
Ttrxxx = tH—TtL(xlx ew)/ecr 4 Al + tL "tH tLxx )2
n €L T

0,76827~1/0.89

Ttrxxx = 155188 0,88204(1/091)/091 4

1—0,910,768271/°8% (,88204
0,91 1,55188

4x1073(1 + 2

Terexx = 0,88217
Teirer — Trxx = 0,88217 — 0,88204 = 0,00013 telah terpenuhi iterasi.



Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,88217

15) Menghitung Turbine Low Pressure Ratio:

Y ¢t
_ Ye—1letL
7TtL - TtL
1,3

m,, = 0,88217(3-1051 = 0,55044

16) Menghitung Ratio Total Pressure dan Overall Pressure:

Pt9

P_ =T Mgy Tl Ty
0

P

% = 1,04058 x 0,97 x 7 x 0,96 x 0,27707 x 0,55044x 0,99
0

P

£~ 102412

1)

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

Vy 2T) Ty Ty, P ~re= /e
e [t ("

Qo Ye—1 Py

dimana:

Py (Vt + 1>Vt/(Yt—1)

P, \ 2
Maka:
Py (1,34 1\ a1
—= ( ) = 1,83242
Py 2
P fo 1,83242

0 Pg ]
—====—"=1,78927
Py P 1,02412

Py

Sehingga:

[1—(1,83242)-(13-1)/13]

Qo

Vo _ \/2 x 3,7195 x 0,76827 x 0,88217
- 1,4—1



Vy
— =1,2822
Qg

18) Menghitung Koefisien Kerja Output Propeller:
Corop = NMpropNgNmi(1 + 137y (1 — 1¢,)
Cprop = 0,83 x 0,99 x 0,99x (1 4 0,01316)3,7195x0,76827(1 — 0,88217)
Cprop = 0,27752

19) Menghitung Koefisien Kerja Compressor Core:

Ty, | P
Vo ReTy, ~ Py
C.=(y, — DM[(1+f)——My + (1 +f)—-2—— -2
c (Vc ) O[( f)ao 0 ( f)Rcﬁ Vc
Ay
dimana:
Tio

Ts _ To
Ty Pry (Yt—l)/yt

Py
dan
Tio . Ti4
T_o = T_OTtHTtL
Teo _ 1'706’670 88217 x 0,88217 = 2,19206
Ty, 527,67 o -
Maka:
Ty 2,19206 ~
= =T 1,90614

(1,83242) 13

Sehingga:

C.=(1,4-1)0,239057[(1 + 0,01316)1,2822 — 0,239057

49,56281 1,90614 1-—1,78927
53,35954 1,2822 1,4

+ (1+0,01316)

C, = 0,02594

20) Menghitung koefisien kerja output pada engine core total:



Cior = Cprop + C,
Cror = 0,27752 + 0,02594
Ctot = 0,30347

21) Menghitung Thrust and Mass Flow Ratio:
F _ CtothcTO

F 030347 x 0,24 x 527,27
m, 269,2183

F
—= 187,46922 Ibf /(lbm/sec)
0

22) Menghitung Specific Fuel Consumption:
__I
E g
_0,01316 x 3600
187,46922

S

= 0,25265 (Ibm/hr)/Ibf

23) Menghitung Specific Power:

W—C CpcT
r'no_ tot~pct0

W
— =0,30347 x 0,24 x 527,27
my

W
— = 38,43129 hp/(lbm/sec)
0

24) Menghitung Efficiency Thermal, Propulsive, Overall

s 030347 o
T = 501316 x 18.400 ~ 2%
0,276x527,07
, 0,30347
np = -
(0%787352> + (2570 x @ +0,01316)x [(1,2822)2 - 0,2390577]



nP = 46,3%

1n0 = 15,9% x 46,3% = 7,4%

Perhitungan performance pada TBO (3.600 hours) pada ketinggian 5.500 ft
berdasarkan data aircraft flight log yang di record di Tabel 1.4 merupakan

parameter input engine TBO 3.600 hours.

Tabel 1.4 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 524,07 °R
Tts 1.715,67 °R

Perhitungan:
1) Menghitung konstanta gas di kompresor:

Y. — 1
Rc: CVC Cpc
o=t o4
€T 14 ’

R. = 0,06857 BTU/lbm.°R
R, = 0,06857 x 778,16 ft.lbf /lbm.°R
R, = 53,35954 ft.lbf /lbm.°R

2) Menghitung konstanta gas di turbine:

Ye—1

Ve

_13-1
13

Cpt

Rt=

R, 0,276 = 0,63692 BTU/Ibm.°R

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

3) Menghitung Sound Speed atau kecepatan suara:

Ao =/ Ve R. gc Ty



ay = +/1,4x 53,35954 x 32,174 x 524,07
ao = 1.122,32141ft/sec

4) Menghitung Absolute velocity:
Vo= TAS=(--——x 2% x 0,98 x IAS) + IAS

Vo= (Z255x 2% x 0,98 x 141) + 141

Vo= 158,963 knot

Vo= 158,963 NM /hr

Vo= 158,963 x 1,852 km/hr

Vo= 294,39947 km/hr

Vo=81,77763 m/sec

Vo=81,77763 x 3,2808 = 268,2736 ft/sec

5) Menghitung Ratio Temperature Ram:

-1
Ty = 1+ VCTMg
dimana:
My =Vy/ay
0 = —227_ — 239035 Mach
1.122,32141

)

1
T, =1+ 70,239035 2
7, = 1,01143
6) Menghitung Ram Pressure Ratio:
T, = Tr)’c/ (Ye—-1)

m, = 1,01143%%/ (14=1) = 1,04057

7) Menghitung Inlet Pressure Ratio:



Ta = Mamax X Nr
Dimana:

ny=1untuk My <1

Ny =1—0,0075(M, — 1)3% untuk M, > 1
g =097x1=097

8) Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

Cpe X Ty
D=7
pct0
_0276x1.71567
Y= T 024x52407

9) Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = nc()’c_l)/ (Yc &)

7, = 7(14-1/ (142090) — 1 85475

10) Menghitung Compressor Efficiency:

n-c()/c_l)/)/c -1

e = .—1
7(1,4——1)/1,4— _
- = 0,87001
Me = 71854748 — 1

11) Menghitung Fuel/Air Ratio:
_ A~ Trle
S ohen ] CocTo)
3,7648 — 1,01143 x 1,85475
f= 0,99 x 18.400/(0,24 x 524,07) — 3,7648

= 0,01339

12) Menghitung High Temperature Turbine:



(e -1
an(l + f)TA
1,01143(1,85475 — 1)
Ten =1 0,99(1 + 0,01339)3,7648

TtH:]'

=0,77111

13) Menghitung Turbine High Temperature Ratio:

_ Yylre-veen
Tep = TtH

1,3
0,771111,3-1)0,89 = 0,28209

Tty

14) Menghitung Turbine Low Temperature Ratio:

—1/ety
« _ btg A
Ty = — —— +
Dimana

— -1
= (ﬂrndncnbnn)(yt ) ve

dan

P lEs

(npropngnmL)z
maka:
m = (1,04057x 0,97 x 7 x 0,96 x 0,99)13-1/13 = 1 55188

dan

[1,4 — 1] [ 0,2390352
2 (3,7648 x 0,77111)

A=
(0,83x 0,99 x 0,99)2

=3,94x1073

Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati
0,0001.
0,7711171/089

i = + 3,94 x 1073 = 0,86687
fuLi 1,55188 *
—1/ewn 1—e, T_l/etH —1/e
Ty = —2 »l-t_L(il_etL)/etL + A1+ tH thi  y2

Vs €1, Vs



0,77111-1/089
= — 0,86687~(1/0,91)/0,91
feix 1,55188 +

_ 1—0,910,77111"1/089 0 86687 ~1/0.91
3,94 x 1073(1 + ,

0,91 1,55188
Terye = 0,879972
—-1/ety —1/ey _—1/es,
— TtH —(1-e¢r)/e 1 - etL TtH TtL
Tewer = = Toix I+ A1 + » - x 32
0,77111°1/089
Ttrxx = 0,879972~(1/091)/0,91

1,55188
1-— 0,91 0,77111—1/0,89x 0,879972_1/0’91 ,

3,94 x 1073(1 +

0,91 1,55188
Terxex = 0,87866
_1/EtH _1/etH —1/etL
TtH —(1—etL)/etL 1 —_ etL TtH Tthx 5
= - A1l

TtLxxx T Tthx + ( + o - )

0,77111‘1/0’89
TeLxxx = 155188 0,87866~(1/091)/0,91 4

1-10,910,77111"1/089% 0 87866~ 1/091
0,91 1,55188

2

3,94 x 1073(1 +

Terxxx = 0,87879
Terxxx — TtLxx = 0,87879 — 0,87866 = 0,00013 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;;;) sebesar 0,87879

15) Menghitung Turbine Low Pressure Ratio:
Yy t

Ve-Tews

Ty, = Typ

1,3
T,y = 0,8787913-1051 = (54049

16) Menghitung Ratio Total Pressure dan Overall Pressure:

P

p - TrMallcpMenTeLTn
0



P
% = 1,04057 x 0,97 x 7 x 0,96 x 0,28209 x 0,54049 x 0,99
0

Pt9

— =1,02382
A ,0238

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

E _ 2T Ty Tyer [1- (@)_(w—l)/n]
Qg Ye — 1 P9

dimana:

P (Vt + 1)Vt/(Yt—1)

P, \ 2
Maka:
Py (1,34 1\ ¥as-n
— = ( ) = 1,83242
P, 2
Py
P, P, 1,83242
—==2=_"""_"2-=178978

P, Po  1,02382

Py
Sehingga:
Vy 2x3,7648 x 0,77111 x 0,87879
— = 1—(1,83242)-@3-1/13
a \/ 141 [1-( ) ]
Vo
— =1,2899
Qo

18) Menghitung Koefisien Kerja Output Propeller:

Corop = 77prop77g77mL(1 + 0Tl — 141

Cprop = 0,83x 0,99 x 0,99x (1+0,01339)3,7648x0,77111(1 — 0,87879)
Cprop = 0,29008

19) Menghitung Koefisien Kerja Compressor Core:



T Py

Vs ReTy, ~ Py
C.= (yv.— DM,[(1 ——-M 1 -0 ___ -9
c= (e — DM, [( +f)a0 o+ ( +f)Rcﬁ ”
)
dimana:
Tio
I _ Ty
To h (yt—l)/yt
Py
dan
Tto _ Tty
T_o = T_OTtHTtL
Tro _ 1.715,67 0,77111 x 0,8787 = 2,1844
Ty 52407 XBerel =5
Maka:
b o104 = 1,92908
Ty 3 Dss
(1,83242) 13

Sehingga:
C.=(1,4-1)0,239035 [(1 + 0,01339)1,2899 — 0,239035

49,56281 1,92908 1-—1,78978
53,35954 1,2899 1,4

+ (1+0,01339)

C, = 0,0262

20) Menghitung koefisien kerja output pada engine core total:
Ctot = Cprop + C¢
Cror = 0,29008 + 0,0262
Cror = 0,31628

21) Menghitung Thrust and Mass Flow Ratio:
F — CtothcTO

m, VY
F 0,31628 x 0,24 x 524,07
m, 268,2736




F
= 194,73638 Ibf /(Ilbm/sec)
0

22) Menghitung Specific Fuel Consumption:
_ I
E g
_0,01339 x 3600
194,73638

S

= 0,24754 (Ibm/hr)/Ibf

23) Menghitung Specific Power:

Y
m_o = CtothcTO

W
— =0,31628x 0,24 x 524,07
mg

w
= 39,78097 hp/(lbm/sec)
0

24) Menghitung Efficiency Thermal, Propulsive, Overall

. ___ 031628 e
Ml =301339 x 18400 ~ 101%
0.276x524.07
p 0,31628
NP = —
(0'%980308) + (1'42 1) x (1+0,01339)x [(1,2899)% — 0,2390352]
nP = 46,8%

170 = 16,1% x 46,8% = 7,5%

Perhitungan performance pada TBO (3.600 hours) pada ketinggian 7.500 ft
berdasarkan data aircraft flight log. Tabel 1.5 merupakan parameter input
engine TBO 3.600 hours.

Tabel 1.5 Parameter Input Engine TBO 3600 hours



Parameter Input Satuan

To 520,47 R

Tta 1.715,67 R

Perhitungan:

1)

2)

3)

4)

Menghitung konstanta gas di kompresor:

Y. — 1
Rc: CVC Cpc
o=ttt oo
cT 14 ’

R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf /lbm.°R
R. = 53,35954 ft.lbf/lbm.°R

Menghitung konstanta gas di turbine:

ve—1

Ve

_13-1
13

Cpt

Rt:

R, 0,276 = 0,63692 BTU/Ibm.°R

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

Menghitung Sound Speed atau kecepatan suara:

Ao = +/Ye Rc gc T
ag = \/1,4 x 53,35954 x 32,174 x 520,47
ap = 1.118,35954 ft/sec

Menghitung Absolute velocity:
Vo= TAS=(—=x 2% x 0,98 x IAS) + IAS

Vo= (Z25x 2% x 0,98 x 140) + 140

Vo= 160,58 knot
Vo=160,58 NM /hr



5)

6)

7)

8)

Vo= 160,58 x 1,852 km/hr

Vo= 297,394 km/hr

Vo= 82,609 m/sec

Vo= 82,609 x 3,2808 = 271,0018 ft/sec

Menghitung Ratio Temperature Ram:

Vc_l

=1+ >

Mg
dimana:

My =Vy/a,
271,0018

0 = ————— = 0,242299 Mach
1.118,35954

)

1 2
Ty = 1+————0,242299

7, = 1,012

Menghitung Ram Pressure Ratio:

T[T' — TT'YC/ (YC_l)

m, = 1,01204 (141 = 1 042

Menghitung Inlet Pressure Ratio:
Ta = Mamax X Nr
Dimana:
n-=luntuk M, <1
7y = 1—0,0075(M, — 1)*3> untuk M, > 1
Ty =097x1=0,97

Menghitung entalphy ratio di ruang bakar dengan ambient temperature
pada ketinggian terbang:
Cpt X Tt‘l-

Ty =
A Cpc TO



0,276 x1.715,67
= 024 x 520,47

= 3,769084

9) Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = ﬂc(yc_l)/ (Ve &c)

1, = 70141/ (14x090) — 1 85475

10) Menghitung Compressor Efficiency:

n-c()/c_l)/)/c -1

nC = TC _ 1
7(1,4—1)/1,4 _
- = 0,87001
Me = 185475 — 1

11) Menghitung Fuel/Air Ratio:
_ T2~ TrTc
- UthR/(Ccho) — T2
3,769084 — 1,012 x 1,85475
- 0,99 x 18.400/(0,24 x 520,47) — 3,769084

f = 0,01348

12) Menghitung High Temperature Turbine:
_ Tr(Tc - 1)
an(l + f)T)L
_, 1,012 (1,85475 — 1)
o = 0,99(1 + 0,01348)3,769084

Ty =1

=0,773

13) Menghitung Turbine High Temperature Ratio:

_ Yf/[(yt—l)ety]
Ty = TtH

1,3
Ty = 0,77303-D089 = 0,285

14) Menghitung Turbine Low Temperature Ratio:



-1/etn

« _ ‘tH
Teri = + A
T

Dimana
= -1
T = (m g, m,m,) e/ Ve

dan

_ 2
A= [YC 2 1] [(T%OtH)

(MpropMgNme)?
maka:
m = (1,042 x 0,97 x 7 x 0,96 x 0,99)(13-1/13 = 1 552

dan

[1,4 - 1] [ 0,242299 ?
2 11(3,769084 x 0,773)
(0,83x 0,99 x 0,99)2

Selanjutnya nilai t/;; dilakukan iterasi sampai nilainya mendekati
0,0001.

A= = 4,009 x 1073

_0,77371/089 .
T = ~Tggzg + 40091107 = 0,8648
" —1/ety _—1/etr
T —- 1—eyt T
0.773-1/089
= 272 )8648-(1/091)/091 4
fex 15523

1-10,910,7737/08% 0,864871/09% _

4,009 x 1073(1 +

0,91 1,5523
Tth = OP8781
e —1/ety _—1/eqy
! ~(1= 1-eyt T
Telxx = tHTTtL(x ecL)/etL + A1+ — tH nth )2
0,773~1/0.89
Ttrxx = W0'8781_(1/0‘91)/0’91 +

1-0,910,773"1/08% (0,8781~1/0.91 ,
0,91 1,5523

4,009 x 1073(1 +



—1/ety _ —1/ery _—1/erL
oy = T gmCew)fen o g g LT C0TnT " Teex
XXX T tLxx e T
0’773—1/0,89

Ttrxxx = W0,8768_(1/0'91)/0,91 +

1-—0,910,773"1/089y 0 8768-1/091
091 1,5523

4,009 x 1073(1 + 2

Teiex = 0,8769
Tixe = 0,8769 — 0,8768 = 0,0001 telah terpenuhi iterasi.

Ttrxxx —

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,8769

15) Menghitung Turbine Low Pressure Ratio:
Yy t
Ty, = TtLyt_TtL
1,3
Ty, = 0,8769(13-1)0,91 = (0,535
16) Menghitung Ratio Total Pressure dan Overall Pressure:

P

P = T TG cTTp ey TTe Ty
0

P

PL‘) = 1,042x 0,97 x 7 x 0,96 x 0,285x 0,535x 0,99
0

P

— =1,024
Py

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

E_ \/ZTATtHTtL [1 _ (Ptg)—()’t—l)/)’t]

Qo Ye—1 P_9
dimana:

Pro (Vt + 1)““”‘”

Py 2

Maka:

Py /1,3 + 1\"¥/aa-0
— = ( ) = 1,83242

P, \ 2



P

P, P, 183242

—=——=——=1,7897
Pq @ 1,024 78978
Py
Sehingga:
Vo 2x3,79084 x 0,773 x 0,8769
R 1-1(1 242 -(1,3-1)/1,3
Ve
= = 1,294
Qo

18) Menghitung Koefisien Kerja Output Propeller:
Cprop = npropngnmL(l + Ot (1 —141)

Cprop = 0,83x 0,99 x 0,99x (1 + 0,01348)3,79084 x0,773(1 — 0,8769)
Cprop = 0,297

19) Menghitung Koefisien Kerja Compressor Core:

V. R 1R
9 t 1o 9
C.= - IM,[QA+f ) —— M+ (1 +f)——F ———
c (Vc ) O[( f)ao 0 ( f)Rcﬁ Ve
Qg
dimana:
Tio
I _ To
Ty Pry (Yt—l)/yt
Py
dan
To Tu

=TT
Ty Ty

Teo _ 1'715’670 773 x 0,8769 = 2,233
T, _ 52047 12X TOIRT =4
Maka;

To 2,233 L o42

e (1,3_) =1,

To (1,83242) " h1a

Sehingga:



C.=(1,4—1)0,242299 [(1 + 0,01348)1,294 — 0,242299

49,56281 2,233 1-1,78978

+(1+0,01348) 53,35954 1,294 1,4

C, = 0,0265

20) Menghitung koefisien kerja output pada engine core total:
Crot = Cprop + Ce
Cror = 0,297 + 0,0265
Cror = 0,324

21) Menghitung Thrust and Mass Flow Ratio:
F _ CtothcTO

I’i’lo VO
F 0,324x0,24 x 520,47
m, 271.0018

F
— = 195,958 Ibf /(Ibm/sec)
0

22) Menghitung Specific Fuel Consumption:
__I
E g
_0,01348 x 3600
195,958

S

= 0,2476 (Ibm/hr)/Ibf

23) Menghitung Specific Power:

W—C CpcT
r'no_ tot“pct0

W
— =0,324x 0,24 x 520,47
my

W
— = 40,438 hp/(lbm/sec)
mq



24) Menghitung Efficiency Thermal, Propulsive, Overall

0,31628

T = 5.01339 x 18.400
0276x524.07

=16,3%

0,31628

nP =

(0,29008) + (1,4 -1

53 . )x (1 +0,01339)x [(1,2899)2 — 0,2390352]

nP = 47,2%

N0 = 16,3% x 47,2% = 7,7%

Perhitungan performance pada TBO (3.600 hours) pada ketinggian 8.500 ft
berdasarkan data aircraft flight log. Tabel 1.6 merupakan parameter input
engine TBO 3.600 hours.

Tabel 1.6 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 515,07 °R
Tty 1.715,67 °R

Perhitungan:

1) Menghitung konstanta gas di kompresor:

Y. — 1
Re = CVC Coe
Ro=t1 404
cT 1,4 ’

R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf/lIbm.°R
R. = 53,35954 ft.lbf /lbm.°R

2) Menghitung konstanta gas di turbine:

ve—1
Ve

C

R, = pt




3)

4)

5)

6)

R, =*=-0,276 = 0,63692 BTU/Ibm. R

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

Menghitung Sound Speed atau kecepatan suara:

Ao = +/Vc R. 9. Ty
ay =+/1,4x 53,35954 x 32,174 x 515,07
ag = 1.112,642704 ft/sec

Menghitung Absolute velocity:
Vo= TAS=(—-—x 2% x 0,98 x IAS) + IAS

Vo= (Zo2x 2% x 0,98 x 137) + 137

Vo= 159,824 knot

Vo= 159,824 NM /hr

Vo= 159,824 x 1,852 km/hr

Vo= 295,994 km/hr

Vo= 82,221 m/sec

Vo= 82,221 x 3,2808 = 269,72628 ft/sec

Menghitung Ratio Temperature Ram:

Vc_l

2 Mo

,=1+

dimana:

My =Vy/ay
_269,72628
0 ™ 1112,642704

= 0,242419 Mach

)

1 2
Ty =1+ ————0,242419

7, = 1,012

Menghitung Ram Pressure Ratio:



T[T‘ — TrYC/ (YC_l)

m, = 1,012%4 (L4=1) = 1 042

7) Menghitung Inlet Pressure Ratio:
Mg = Tamax X Nr
Dimana:
n,=1untuk M, <1
7y = 1—0,0075(M, — 1)3> untuk M, > 1
Ty =097x1=0,97

8) Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

Cpt X Tta
O
pclo
_ 02762171567 oo
= T024x51507

9) Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = T[C(yc_l)/ (Ve &c)

T, = 7(1,4—1)/ (1,4x0,90) — 1,85475

10) Menghitung Compressor Efficiency:

ﬂc(yc_l)/yc -1

r]C = Tc _ 1
7(1,4—1)/1,4 -1
le="Jgsa7s 1 Y’
11) Menghitung Fuel/Air Ratio:
Ty — T, T¢

f =
UthR/(Ccho) — T2
_ 3,83059 — 1,012 x 1,85475
f= 0,99 x 18.400/(0,24 x 515,07) — 3,83059

= 0,01361



12) Menghitung High Temperature Turbine:
_ Tr(Tc - 1)
an(l + f)TA
—1 1,012 (1,85475 - 1)
Tt = 270,991 + 0,01361)3,83059

TtH=1

= 0,775

13) Menghitung Turbine High Temperature Ratio:

_ Yt/lre-veen,
Ten = Tey

1,3
ey = 0,77513-1089 = (0,289

14) Menghitung Turbine Low Temperature Ratio:

—-1/etn

tH
Teni = +A
[

Dimana
— -1
= (ﬂrndncnb nn) e=D/ e

dan

_ 2
A= [VC 2 1] [(T%:OtH)

(T]proprlgrlmL)z
maka:
m = (1,042 x 0,97 x 7 x 0,96 x 0,99)(13-1/13 = 1 552

dan

[1,4 - 1] [ 0,2424192
2 1[(3,83059 x 0,775)

A=
(0,83x 0,99 x 0,99)2

=3,959x 1073

Selanjutnya nilai 7;;,; dilakukan iterasi sampai nilainya mendekati
0,0001.

0,77571/089

Tiri = W + 3,959 X 10_3 = 0,862



—1/ety 1 —1/ery _—1/erL
tH —(1-e¢L)/etL €L Tey TtLi 2
Tepx = — Ty +A(1+
tLx T tLi ( etL T )
0,775 /089

Tix = —ee; 0,862~ (1/0.91)/091 |

_ 1—0,910,775"1/08% (,862~1/091
3,959 x 1073(1 + )

0,91 1,552
Tth = 018753
—-1/ety “1/ey _—1/eqy
T -(1- 1l—eyt T
Ttixx — tH TtL(xl erL)/etL +A(1 + o tL “tH 7-[th )2
0,775-1/089
Terxx = WO’WS?’_WO’%)/O’% n

_ 1—0,910,775"1/089 (0,8753-1/0.91
3,959 x 1073(1 + 2

0,91 1,552
Terxex = 0,87397
_1/6‘“.1 _1/EtH _1/6tL
Tty —(1-eg)/e 1—ey 1y T,
Ttrxxx = - TiLxx LI/l +A(1 + o - XX )2
0,775-1/089
Ttrxxx = W0'87397_(1/0'91)/0'91 +

1-0,910,77571/089 0,87397-1/0°1 _
0,91 1,552

3,959 x 1073(1 +

Terexx = 0,8741
Tepxxx — Texx = 0,8741 = 0,87397 = 0,00013 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,8741

15) Menghitung Turbine Low Pressure Ratio:

Yy t
ve-letr
tL

Ty, = T

1,3
Ty, = 0,8741(13-1)091 = 0,527

16) Menghitung Ratio Total Pressure dan Overall Pressure:



Pt9

_P SN cpTTg e Ty
0

P
- = 1,042x 0,97 x 7 x 0,96 x 0,289x 0,527x 0,99
0

= 1,024
Po

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

]

Vs _ 2T Ty Ty, - (E)—(n—l)/n
Ao Ye—1 Py

dimana:

Py (Vt + 1)Vt/(Yt—1)

Py, \ 2

Maka:

Pt9 1,3 4+ 1\ "¥/as-n
( ) = 1,832
P

P, P. 1,832

o b _ = 1,789

Py P 1,024
Py

Sehingga:

[1— (1,832)~(13-D/13]

Vo _ |2x3,83059x 0,775 x 0,8741
N 1,4—1

18) Menghitung Koefisien Kerja Output Propeller:
Corop = MpropNgNme (L + f1aTen (1 — 74)
Cprop = 0,83x 0,99 x 0,99x (1 + 0,01361)3,83059x0,775(1 — 0,8741)
Cprop = 0,308

19) Menghitung Koefisien Kerja Compressor Core:



T Py

Vs ReTy, ~ Py
Co=@e—DM[A+ )= —Mo+(1+ )22 ——2
c= (e — DM, [( +f)a0 o+ ( +f)Rcﬁ ”
ao
dimana:
Tio
n__ T
TO Ptg (Yt_l) /]/1;
Py
dan
Tto  Tia
T_o = T_OTtHTtL
Teo _ 1'715’670 775 x 0,8741 = 2,257
T, _ 51507 /> X e T4
Maka:
Ty 2,257 062
= 13-1, _ “
To (1,832) " s
Sehingga:

C.=(1,4-1)0,242419 [(1 + 0,01361)1,301 — 0,242419

49,56281 2,257 1-1,789
53,35954 1,301 1,4

+ (1+0,01361)

C, = 0,02672

20) Menghitung koefisien kerja output pada engine core total:
Crot = Cprop + C¢
Cror = 0,308 + 0,02672
Crot = 0,335

21) Menghitung Thrust and Mass Flow Ratio:
F _ CtothcTO

me Vo
F  0,335x0,24 x 515,07
m, 269,72628




F
e 201,577 Ibf /(Ilbm/sec)
0

22) Menghitung Specific Fuel Consumption:
_ I
E g
_0,01361 x 3600
201,577

S

= 0,24314 (Ibm/hr)/Ibf

23) Menghitung Specific Power:

Y
m_O = CtothcTO

W
— =0,335x 0,24 x 515,07
mg

w
— = 41,401 hp/(lbm/sec)
my

24) Menghitung Efficiency Thermal, Propulsive, Overall

- 0,335 s
M = 501361 x 18.400 — 107
0,276x515,07
0,335
P = 5308y 14—1
( 0,83 ) + ( 2 )x (1+0,01361)x [(1,301)% — 0,239035?]
nP = 47,7%

N0 = 16,5% x 47,7% = 7,9%

Perhitungan performance pada TBO (3.600 hours) pada ketinggian 9.500 ft
berdasarkan data aircraft flight log. Tabel 1.7 merupakan parameter input
engine TBO 3.600 hours.

Tabel 1.7 Parameter Input Engine TBO 3600 hours



Parameter Input Satuan

To 513,07 R

Tta 1.715,67 R

Perhitungan:

1)

2)

3)

4)

Menghitung konstanta gas di kompresor:

Y. — 1
Rc: CVC Cpc
o=ttt oo
cT 14 ’

R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf /lbm.°R
R. = 53,35954 ft.lbf/lbm.°R

Menghitung konstanta gas di turbine:

ve—1

Ve

_13-1
13

Cpt

Rt:

R, 0,276 = 0,63692 BTU/Ibm.°R

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

Menghitung Sound Speed atau kecepatan suara:

Ao = +/Ye Rc gc T
ag = \/1,4 x 53,35954 x 32,174 x 513,07
ap, = 1.110,480425 ft/sec

Menghitung Absolute velocity:
Vo= TAS=(—=x 2% x 0,98 x IAS) + IAS

Vo= (%x 2% x 0,98 x 135) + 135

Vo= 160,137 knot
Vo=160,137 NM /hr



5)

6)

7)

8)

Vo=160,137 x 1,852 km/hr

Vo= 296,574 km /hr

Vo= 82,382 m/sec

Vo= 82,382 x 3,2808 = 270,25417 ft/sec

Menghitung Ratio Temperature Ram:

7, =1+ %M&
dimana:
My =Vy/a,
)= % = 0,243367 Mach

14-1
=1 +TO,243367 2

7, = 1,012

Menghitung Ram Pressure Ratio:

T[T' — TTYC/ (YC_l)

m, = 1,01204 (141D = 1 042

Menghitung Inlet Pressure Ratio:
Tqg = Mamax X Nr
Dimana:
n,= 1 untuk M, <1
7, = 1—0,0075(M, — 1)*3> untuk M, > 1
g =097x1=0,97

Menghitung entalphy ratio di ruang bakar dengan ambient temperature
pada ketinggian terbang:
Cpt X Tt‘l-

Ty =
A Cpc TO



0,276 x1.715,67
= 024 x 513,07

= 3,84552

9) Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = ﬂc(yc_l)/ (Ve &c)

1, = 70141/ (14x090) — 1 85475

10) Menghitung Compressor Efficiency:

n-c()/c_l)/)/c -1

nC = TC _ 1
7(1,4—1)/1,4 _ 1
- = 0,87
Me = 185475 — 1

11) Menghitung Fuel/Air Ratio:
_ T2~ TrTc
- UthR/(Ccho) — T2
3,84552 — 1,012 x 1,85475
- 0,99 x 18.400/(0,24 x 513,07) — 3,84552

f =0,01366

12) Menghitung High Temperature Turbine:
_ Tr(Tc - 1)
an(l + f)T)L
_, 1,012 (1,85475 — 1)
o = 0,99(1 + 0,01366)3,84552

Ty =1

=0,776

13) Menghitung Turbine High Temperature Ratio:

_YYlore-Dewn
Ten = Tey

1,3
Ty = 0,77613-D08 = 0,291

14) Menghitung Turbine Low Temperature Ratio:



-1/etn

« _ ‘tH
Teri = + A
T

Dimana
= -1
T = (m g, m,m,) e/ Ve

dan

_ 2
A= [YC 2 1] [(T%OtH)

(MpropMgNme)?
maka:
m = (1,042 x 0,97 x 7 x 0,96 x 0,99)(13-1/13 = 1 552

dan

[1,4 - 1] [ 0,243367 2
2 (3,84552 x 0,776)

A=
(0,83x 0,99 x 0,99)2

=3,97x1073

Selanjutnya nilai t/;; dilakukan iterasi sampai nilainya mendekati
0,0001.

. 0,77671/089 .
T = T 1ecy +3,97x107° = 0,861
—1/ety —1/ery _—1/eqy
T -(1- 1—eyt T,
Tipy = tHn TtL(i ecr)/ecr + A1+ - tH ntLL )2
0,7761/089
Tiix = W0,861—(1/0,91)/0,91 +

1-10,910,776/%8% 0,861 /0%

3,97 x1073(1 +

0,91 1,552

Tirx = 0,8743

—1/ety /e —1/es

1—e47 T
tH —(1—etL)/etL tL Tey L "
= + A1+
TtLxx - Tth ( o - )
0,776_1/0’89

TeLxx = W0’8743_(1/0'91)/0’91 +

1-0,910,776"1/08% (0, 8743~1/091 ,
0,91 1,552

3,97 x1073(1 +



Teiee = 0,87293

_1/etH (1 )/ 1 _ etL T—l/etH _1/efL
—_ tH —1—e¢tr)/etL tH L )
Terwxx = — — T +A(1+
tLxxx p tLcx ( - i )
0,7761/0.89
TtLxxx = W0,87293—(1/0,91)/0,91 +

1-0,910,77671/08% 0,872937 /091 _

3,97 x 1073(1
X 1075(1 + =557 1552

Triene = 0,87307
Tirxex — Teixx = 0,87307 — 0,87293 = 0,00014 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;;;) sebesar 0,87307

15) Menghitung Turbine Low Pressure Ratio:

Y ¢t
— Ye—letL
Ty, = TtL

1,3
Ty, = 0,87307(13-1)091 = (0,524

16) Menghitung Ratio Total Pressure dan Overall Pressure:

Pt9

P_ S MMM cMpTTg e Ty
0

P

PL‘) =1,042x 0,97 x 7 x 0,96 x 0,291x 0,524x 0,99
0

P

2~ 1,024

PO

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

E: \/ZTATtHTtL [1 B (Ptg)—()’t—l)/)’t]

Qo Ye—1 Py

dimana:

Py Ve + 1\'/0e-D
Py ( 2 )
Maka:



Py (1,34 1\ ¥
Po (22N Lax

Py
P i 1,832
0Py 2P0 g9
Py Py 1,024

Py

Sehingga:

V. 2 x 3,84552 x 0,776 x 0,87307
W \/ [1—(1,832)-(13-1)/13]

ap 1,4—1

Vs
— = 1,303
Qg

18) Menghitung Koefisien Kerja Output Propeller:
Corop = NpropNgNmi (1 + T7en (1 — 741)
Cprop = 0,83x 0,99 x 0,99x (1 + 0,01366)3,84552x0,776(1 — 0,87307)
Cprop = 0,312

19) Menghitung Koefisien Kerja Compressor Core:

Ty Py
Vs ReTy, ~ P
C.= —1)M,[(1 ——M 1 —_———
c (Vc ) O[( +f)a0 0+( +f)Rcﬁ Vc
Qg
dimana:
Teo
Lh_ Ty
Ty Pry (Yt—l)/yt
Py
dan
T Te

Ty T_OTtHTtL
Tro  1.715,67
T, 513,07
Maka:

0,776 x 0,87307 = 2,265



Ty 2,265
Ty

= L7
(1,832) 13

Sehingga:
C.=(1,4—-1)0,243367 [(1 + 0,01366)1,303 — 0,243367

49,56281 2,265 1-1,789
53,35954 1,303 1,4

+ (1+0,01366)

C, = 0,02685

20) Menghitung koefisien kerja output pada engine core total:
Ciot = Cprop + C¢
Cror = 0,312 + 0,02685
Cor = 0,339

21) Menghitung Thrust and Mass Flow Ratio:
F _ CtothcTO

1, Vo
F0,339x0,24 x 513,07
m, 270,25417

F
== 202,938 Ibf /(Ilbm/sec)
0

22) Menghitung Specific Fuel Consumption:
__I
g
_0,01366 x 3600
202,938

S

= 0,24239 (Ilbm/hr)/lbf
23) Menghitung Specific Power:

w

m_o = CtothcTO

W
— =0,339x 0,24 x 513,07
my



%
== 41,763 hp/(lbm/sec)

0

24) Menghitung Efficiency Thermal, Propulsive, Overall

- 0,339 e
M = 501366 x 18.400 ~ 10:6%
0.276x513,07
p 0,339
nr = —
(0638132) + (1’42 1) x (1 + 0,01366)x [(1,303)2 — 0,2433672]
nP = 47,8%

1n0 = 16,6% x 47,8% = 7,9%

Perhitungan performance pada TBO (3.600 hours) pada ketinggian 10.500 ft
berdasarkan data aircraft flight log. Tabel 1.8 merupakan parameter input
engine TBO 3.600 hours.

Tabel 1.8 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 513,07 °R
Tty 1.733,67 °R

Perhitungan:
1) Menghitung konstanta gas di kompresor:

Y. — 1
Re = CVC Coe
o=t 1 04
cT 14 ’

R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf /lbm.°R
R. = 53,35954 ft.lbf/Ibm.°R



2)

3)

4)

5)

Menghitung konstanta gas di turbine:

ve—1
Rt = Cpt
Ve
_13-1
T 1,3

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

R;

0,276 = 0,63692 BTU/Ibm.°R

Menghitung Sound Speed atau kecepatan suara:

Ao = +/Ye R: gc Ty
ag = \/1,4 x 53,35954 x 32,174 x 513,07
ap = 1.110,480425 ft/sec

Menghitung Absolute velocity:
Vo= TAS=(%x 2% x 0,98 x IAS) + IAS

10500
1000

Vo= 159,166 knot

Vo= 159,166 NM /hr

Vo= 159,166 x 1,852 km/hr

Vo= 294,775 km/hr

Vo= 81,882 m/sec

Vo= 81,882 x 3,2808 = 268,61479ft/sec

Vo= (

x 2% x 0,98 x 132) + 132

Menghitung Ratio Temperature Ram:

Vc_l
2

T, =1+ M3

dimana:

My =Vy/ay

_ 268,61479
0 ™ 1110,480425

1,4-1
=1+ 70,241891 2

= 0,241891 Mach



7, = 1,012

6) Menghitung Ram Pressure Ratio:

T[T‘ — TrYC/ (YC_l)

m, = 1,012%4 (L4=1) = 1 042

7) Menghitung Inlet Pressure Ratio:
Mg = Tamax X Nr
Dimana:
n,=1untuk M, <1
Ny =1—0,0075(M, — 1)35 untuk M, > 1
Ty =097x1=0,97
8) Menghitung entalphy ratio di ruang bakar dengan ambient temperature
pada ketinggian terbang:

Cpt X Tta
=TT
pclo
_0276x1.73367 oo
=T 024x51307

9) Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = ﬂc()’c_l)/ (Ve €c)

7, = 7(14-1/ (142090) — 1 85475

10) Menghitung Compressor Efficiency:

n-c()’c_l)/)’c -1

Ne = T, — 1
7(1,4—1)/1,4 -1
- = 0,87
Me = 185475 — 1

11) Menghitung Fuel/Air Ratio:



B T, — T,T,
S o honl CocTo) — 12
3,88585 — 1,012 x 1,85475
- 0,99 x 18.400/(0,24 x 513,07) — 3,88585

f

= 0,01395

12) Menghitung High Temperature Turbine:
_ Tr(Tc - 1)
an(l + f)TA
_, 1,012 (1,85475 — 1)
TtH = 270,991 + 0,01395)3,88585

TtH=1

=0,778

13) Menghitung Turbine High Temperature Ratio:

_ Yt/lre-veen,
Tty = TtH

1,3
ey = 0,778(13-1089 = (0,295

14) Menghitung Turbine Low Temperature Ratio:

—1/etn
Ttn

T

Teni = +A
Dimana

_ -1
= (ﬂrndncnbnn)(yt ) ve

dan

_ 2
A= [VC 2 1] [(T%'OtH)

(T]proprlgrlmL)z
maka:
m = (1,042 x 0,97 x 7 x 0,96 x 0,99)(13-1/13 = 1 552

dan

[1,4 — 1] [ 0,241891%
2 (3,88586 x 0,778)

A=
(0,83x 0,99 x 0,99)2

=3,869 x 1073




Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati
0,0001.

. 0,778_1/0’89 4
TiLi = W + 3,869 x 10 = 0,858
—1/etn —1/etn _—1/erL
1l—egt T,
-(1- tL
Tiie = tHT[ TtL(i etr)/etL +A(1+ - tH ntu )
0,7787%/089

Tux = —— ooy 0,858~ W/OIN/0 4

- 1-0,910,7781/98% 0,858~1/091
3,869 x 1073(1 + ,

0,91 1,552
Tth = 018715
A —1/eq _—1/esL
! -(1= 1—eyt T
Tthx = tHT[ Ttlfx etL)/etL +A(1 + etL tH T[th )2
0,778_1/0'89
TeLxx = W0’8715_(1/0'91)/0'91 n

1-— 0,91 0,778—1/0,89x 0,8715_1/0’91 ,

3,869 x 1073(1 +

0,91 1,552
Terxex = 0,87014
e -1/e -1/e
T = en " —(1-eeL)/etL + A(l + 1- €tr Tey tH tLxx tL )2
tLxxx - tLxx o -
0,778-1/089
Ttrxxx = W0'87014_(1/0'91)/0'91 +

1—0,910,778"1/089 0,870141/091
0,91 1,552

3,869 x 1073(1 + 2

TtLxxx = 0,87028

Texex — Tevxx = 0,87028 —0,87014 = 0,00014 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,87028

15) Menghitung Turbine Low Pressure Ratio:




1,3
1, = 0,870283-1051 = (0,518

16) Menghitung Ratio Total Pressure dan Overall Pressure:

Pt9

P =TT cMp T Tl Ty
0

P,

- =1,042x 0,97 x 7 x 0,96 x 0,295x 0,518x 0,99
0

P

2 =1,024

Py

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

Vo _ |ZatenTe ) (@)*“‘“/“]
Qo Ye—1 P,

dimana:

Py Ve + 1\V0/0e-D
Py ( 2 )
Maka:

Py (1,34 1\ a1
— = ( ) = 1,832

P, 2
PR 1832
DB Pty
Py P 1,024

Py
Sehingga:
Vy 2x 3,88586 x 0,778 x 0,87028
— = 1—(1,832 -(1,3-1)/1,3
V.
2 -131
Ao

18) Menghitung Koefisien Kerja Output Propeller:
Cprop = npropngnmL(l + f)TATtH(l - TtL)
Cprop = 0,83x 0,99 x 0,99x (1 + 0,01395)3,88586x0,778(1 — 0,87028)

Cprop = 0,324



19) Menghitung Koefisien Kerja Compressor Core:

T9 1 PO
Vy R T, Py
C.= —1)M,[(1 — =M 1 —_——
o= 0= DML+ ) = Mo+ (1 + i gt = —
Qo
dimana:
Tio
Ty To

9

dan

Tto  Tia

T_o = T_OTtHTtL

Ty _ 173367 0,778 x 0,87028 = 2,289
T, ~ 513,07  °*% -
Maka:;

Ty 2,289 199

= 13-1, _ “

To (1,832) " s

Sehingga:
C.=(1,4-1)0,241891 [(1 4+ 0,01395)1,31 — 0,241891

49,56281 2,289 1-1,79
53,35954 1,31 1,4

+ (1+0,01395)

C, = 0,02701

20) Menghitung koefisien kerja output pada engine core total:
Cior = Cprop + C,
Cror = 0,324 + 0,02701
Cror = 0,351

21) Menghitung Thrust and Mass Flow Ratio:
F _ CtothcTO

o Vo



F0,351x0,24x 513,07

i, 268,61479

F
== 211,072 Ibf /(lbm/sec)

0

22) Menghitung Specific Fuel Consumption:

g
F/_
mg
5= QO1395x3600 _ oo bm/h) /1
=T 211072 7 (tbm/hr)/lbf

23) Menghitung Specific Power:

w CiotCp o T
r'no_ totlpclo

W
— =0,351x 0,24 x 513,07
mg

%
— = 43,173 hp/(lbm/sec)
my

24) Menghitung Efficiency Thermal, Propulsive, Overall

T = 0,551 = 16,8%
M =001395x 18.400 _ ~>°7°
0276x513,07
0,351
P =53 A4—1
( 083 ) + ( — )x (1+0,01395)x [(1,31)2 — 0,2418912]
nP = 48,3%

n0 = 16,6% x 47,8% = 8,1%



Perhitungan performance pada TBO (3.600 hours) pada ketinggian 1 1.500 ft
berdasarkan data aircraft flight log. Tabel 1.9 merupakan parameter input
engine TBO 3.600 hours.

Tabel 1.9 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 507,87 °R
Tty 1.733,67 R

Perhitungan:

1) Menghitung konstanta gas di kompresor:

Yy, — 1
Rc= CVc Cpc
Ro= 1 404
cT 1,4 ’

R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf /lbm.°R
R. = 53,35954 ft.lbf/lbm.°R

2) Menghitung konstanta gas di turbine:

Ye—1
R, = Ve Cpt
Ry = 520,276 = 0,63692 BTU/Ibm.°R

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

3) Menghitung Sound Speed atau kecepatan suara:

Ao =/ Ve R. 9. Ty
ag = \/1,4 x 53,35954 x 32,174 x 507,87
a, = 1.104,838696 ft/sec

4) Menghitung Absolute velocity:



5)

6)

7)

8)

Vo= TAS=(———x 2% x 0,98 x IAS) + IAS

11500
1000

Vo= 153,175 knot

Vo= 153,175 NM /hr

Vo=153,175x 1,852 km/hr

Vo= 283,68 km/hr

Vo= 78,8 m/sec

V0=78,8 x 3,2808 = 258,5048 ft/sec

Vo=

x 2% x 0,98 x 125) + 125

Menghitung Ratio Temperature Ram:

Vc_l
2

T, =1+ M3
dimana:
My =Vy/ay

2585048
0 ™ 1104,838696

= 0,233975 Mach

)

1 2
Ty = 1+————0,233975

7, = 1,012

Menghitung Ram Pressure Ratio:
T, = Tr)/c/ re—1)
m, = 1,01204 (141 = 1 042
Menghitung Inlet Pressure Ratio:
Ta = Mamax X Nr
Dimana:
n,=1untuk M, <1
Ny = 1—0,0075(My — 1)%3° untuk M, > 1
Ty =097x1=0,97
Menghitung entalphy ratio di ruang bakar dengan ambient temperature
pada ketinggian terbang:



Cpe X Tey

7= CchO
_ 02762173367
= T024x507,87

9) Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = nc(yc_l)/ (Yc &)

7, = 714D/ (14x090) — 1 85475

10) Menghitung Compressor Efficiency:

nc(yc_l)/yc -1

Ne =

T.—1
7(1,4—1)/1,4 _ 1
- = 0,87
Me = 185475 — 1

11) Menghitung Fuel/Air Ratio:
_ T~ Trlc
S iohen o) = 12
3,92565 — 1,012 x 1,85475
- 0,99 x 18.400/(0,24 x 507,87) — 3,92565

f =0,01409

12) Menghitung High Temperature Turbine:
_ Tr(Tc - 1)
an(l + f)T)L
4 1,012 (1,85475 — 1)
Tt = 7 0.99(1 + 0,01409)3,92565

Ty =1

=0,781

13) Menghitung Turbine High Temperature Ratio:

_YYlore-Dewn
Ten = Tey

1,3
Ty = 0,781(13-1089 = 0,3



14) Menghitung Turbine Low Temperature Ratio:

T_l/etH
* tH
Teri = + A
tLi T
Dimana

— -1
= (T[rndncnbnn)(n e

dan

_ 2
A= [VC 2 1] [(TiWTOtH)

(MpropNgMme)?
maka:

m = (1,042 x 0,97 x 7 x 0,96 x 0,99)(13-1/13 = 1 552

dan

[1,4 — 1] [ 0,2339752
2 (3,92565 x 0,781)

~ 3,572 x 102
(0,83x 0,99 x 0,99)2 x

A=

Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati

0,0001.

* 0,781_1/0’89 i
Tepi = ~ 155y + 3,572x107° = 0,855
~1/etn —1/ety _—1/eeL
T —(1- 1 - etL T T .
TiLx = —tHT[ TtL(i ecr)/etL +A(1 + o tH T[tLl )2
0,78171/089
Tiix = —1 Tc7 0,855_(1/0'91)/0'91 +

1-0,910,0,781~1/089y 0, 855-1/0.91
3,572 x 1073(1 + X

0,91 1,552
T = 0,8689
—1/etq —1/ety —1/e¢L
1—e47 T
tH —(1-e¢L)/etL tL “tH tLx 2
= + A1+

TtLxx T Tth ( etL T )

0,78171/089

TtLxx = 1557 0,8689_(1/0'91)/0'91 +



1-0,910,0,781~1/08%9% 0,8689~1/091 ,

3,572 x 1073(1 +

0,91 1,552
TtLxx = 0,86752
_1/6”.1 _1/etH _1/etL
Lth —(1-e¢r)/etr 1- €L Try Lo 5
Tepoex = = T +A(1+ )
tLxxx - tLxx etL -
0,7811/089
Ttrxxx = W0,86752—(1/0,91)/0,91 +
3572 5 10-3(1 4 L= 0910.7817/°%x 0,86752471/°%1
72X 0,91 1,552 )

TtLxxx = 0,86766
Terxxx — Terxx = 0,86766 — 0,86752 = 0,00014 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,86766

15) Menghitung Turbine Low Pressure Ratio:

Y t
Ye—legL
tL

T[tL: T

1,3
Ty, = 0,86766(13-1)091 = (0,509

16) Menghitung Ratio Total Pressure dan Overall Pressure:

Py
P = T TGy Ty Tl Ty
0

PL‘) = 1,042x 0,97 x 7 x 0,96 x 0,3x 0,509x 0,99
0

P

— =1,022
Py

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

E _ 2T) Ty Ty [1- (E)—(n—l)/n]
Qo Ye—1 Py

dimana:




Py (Vt + 1)Vt/(n—1)

Py, \ 2

Maka:

P _ (1,3 + 1)1'3/013—1) _ 183
P, 2 ’

P, P—tj 1,832
—==—=="""=1,793

P, Po 1,022

Py
Sehingga:
Vs 2x 3,92565 x 0,781 x 0,86766
— = 1 —(1832)"(13-1)/13
V.
— =1,317
Qo

18) Menghitung Koefisien Kerja Output Propeller:

Corop = MpropNgMme (L + fTaTen (1 — 74)

Cprop = 0,83x 0,99 x 0,99x (1 + 0,01409)3,92565x0,781(1 — 0,86766)
Cprop = 0,335

19) Menghitung Koefisien Kerja Compressor Core:

V. R 1R
9 t 1o 9
C.= - 1)M,[1+f)——My+(1+f)—F———
c (Vc ) O[( f)ao 0 ( f)Rcﬁ Vc
Qg
dimana:
Teo
Ty_ T,
Ty Pry (Yt_l)/yt
Py
dan
Tt9_Tt4

= = TtHTeL
Ty Ty



T 1.733,67
T, 507,87
Maka:

Ty 2,289 5011
T, o

- (1,3-1)
(1,832) 13
Sehingga:
C.=(1,4-1)0,233975 [(1 + 0,01409)1,317 — 0,233975

49,56281 2,312 1-1,793
53,35954 1,317 1,4

0,781x 0,86766 = 2,312

+ (1 + 0,01409)

C. = 0,02683

20) Menghitung koefisien kerja output pada engine core total:
Ctot = Cprop + C¢
Cror = 0,335 + 0,02683
Cror = 0,361

21) Menghitung Thrust and Mass Flow Ratio:
F — CtothcTO

r.nO VO
F0,361x0,24 x 507,87
m, 258,5048

F
— = 223,81 1lbf /(lbm/sec)
mq

22) Menghitung Specific Fuel Consumption:
__I
g
_0,01409 x 3600
223,81

S

= 0,22666 (Ibm/hr)/Ibf

23) Menghitung Specific Power:



W—C C,.T
r'no_ totlpclo

\"\
— =0,361x 0,24 x 507,87
my

W
== 44,055 hp/(lbm/sec)

0

24) Menghitung Efficiency Thermal, Propulsive, Overall

_ 0,361 170
T = 5,01400 x 18400 ~ /7
0,276x507,87
p 0,361
nP = —
(0638335) + (1’42 1) x (1+0,01409)x [(1,317)2 — 0,2339752]
nP = 48,6%

n0 = 17% x 48,6% = 8,3%

Perhitungan performance pada TBO (3.600 hours) pada ketinggian 12.500 ft
berdasarkan data aircraft flight log. Tabel 1.10 merupakan parameter input

engine TBO 3.600 hours.

Tabel 1.10 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 497,07 °R
Tts 1.751,67 °R

Perhitungan:
1) Menghitung konstanta gas di kompresor:

-1
R, = Ve Cpe




2)

3)

4)

5)

R. = 0,06857 BTU/lbm.°R
R, = 0,06857 x 778,16 ft.lbf /lbm.°R
R. = 53,35954 ft.lbf/lbm.°R

Menghitung konstanta gas di turbine:
Ye—1
Vi

_13-1
T 13

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

Rt: C

pt

R, 0,276 = 0,63692 BTU/Ibm.°R

Menghitung Sound Speed atau kecepatan suara:

Ao = +/Ye R: gc Ty
ag = \/1,4 x 53,35954 x 32,174 x 497,07
ap = 1.093,028216 ft/sec

Menghitung Absolute velocity:
Vo= TAS=(—=x 2% x 0,98 x IAS) + IAS

12500
1000

Vo= 155,625 knot

Vo= 155,625 NM /hr

Vo= 155,625 x 1,852 km/hr

Vo= 288,218 km/hr

Vo= 80,06m/sec

Vo= 80,06x 3,2808 = 262,63952 ft/sec

Vo= (

x 2% x 0,98 x 125) + 125

Menghitung Ratio Temperature Ram:

Vc_l
2

T, =1+ M3

dimana:



My =Vy/ay

_262,63952
T 1.093,028216

= 0,240286 Mach

0

)

14-1
+ ———0,240286 2

T,=1 >

7, = 1,012

6) Menghitung Ram Pressure Ratio:

T[T — TTYC/ (YC_l)

m, = 1,012%4 (41 = 1 041

7) Menghitung Inlet Pressure Ratio:
Mg = Tamax X Nr
Dimana:
n,=luntuk M, <1
7y = 1—0,0075(M, — 1)3> untuk M, > 1
Ty =097x1=0,97

8) Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

Cpt X Tey
RO
pctO0
_ 0276175167 _
Y= T024x49707  °

9) Menghitung temperature ratio di ruang bakar dengan ambient

temperature pada ketinggian terbang :

T, = nc()’c_l)/ (Ve &)

1, = 70141/ (14x090) = 1 85475

10) Menghitung Compressor Efficiency:



nC(Yc_l)/Yc -1

. . — 1
7(1,4-—1)/1,4- -1
Ne="Tgsars—1 %’
11) Menghitung Fuel/Air Ratio:
Ty — TrTe

a Nphpr/(CpcTo) — Ta
B 4,05259 — 1,012 x 1,85475
f= 0,99 x 18.400/(0,24 x 497,07) — 4,05259

=0,014642

12) Menghitung High Temperature Turbine:
_ Tr(Tc - 1)
an(l + f)T)L
_, 1,012 (1,85475 — 1)
Tt = 27 0,09(1 + 0,014642)4,05259

Ty =1

= 0,788

13) Menghitung Turbine High Temperature Ratio:

_ Yt/lre-veen,
Tty = TtH

1,3
ey = 0,788(13-1089 = (0,313

14) Menghitung Turbine Low Temperature Ratio:

—1/etn

tH
T:Li = + A
s

Dimana
— -1
= (ﬂrndncnb nn) e=1/ e

dan

_ 2
A= [VC 2 1] [(T)ILV{fOtH)

(nprop ng nmL)Z

maka:
m = (1,042 x 0,97 x 7 x 0,96 x 0,99)(13-1/13 = 1 552

dan



[1,4 - 1] [ 0,240286
2
(405259 x 0,788)] _ 4 10 103

(0,83x 0,99 x 0,99)2

A=

Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati

0,0001.
0,78871/0.89
T;:kLi = W + 3,618 X 10_3 = 0,846
—-1/ety —1/etn _—1/et
T —(1- 1—eyt T,
TeLx = tHT[ TtL(i ecr)/etL +A(1 + o tH ntLl )2
0,78871/089

Tiix = W0’846—(1/0,91)/0,91 +

1—0,910,78871/08% (,846~1/091 ,

3,618 x 10_3(1 + 091 1552
Ttrx = 0,861
—-1/etn —1/etn _—1/erL
T 1 1—eq1 T
Tthx — tH ,l-tL(xl etL)/etL + A(l + tL “tH tLx )2
T €t T

0,788°1/0:89
Ttrxx = W0’861—(1/0,91)/0,91 +
3618 x 1073(1 + 1-0,910,788"1/08%9y 0,861 ~1/091 ,
,618 x ( 0,91 1552

Terxx = 0,8595

—1/ety _—1/eeL

-1
— TtH/etH —(1-e¢1)/etr A1l 1—ey Tiy tLotx 5
Ttrxxx = TTthx + ( + o - )
0,788-1/0.89
TeLxxx = W0,8595—(1/0,91)/0,91 +

1-0,910,78871/08% 0,85957 /091 _
0,91 1,552

3,618 x 1073(1 +

TtLxxx = 0,85965
Terxxr — Teixx = 0,85965 — 0,8595 = 0,00015 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,85965



15) Menghitung Turbine Low Pressure Ratio:

Y ¢t
Yt—leg
7TtL - TtL

1,3
my = 0,85965(1,3-1)091 = (0,487

16) Menghitung Ratio Total Pressure dan Overall Pressure:
Pro _
P_o =TGR eTp T, Ty

P
% =1,041x 0,97 x 7 x 0,96 x 0,313 x 0,487x 0,99
0

P

— =1,022
Po

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

Vy 2T) Ty Ty, P ~re= /e
- e

Qo Ye—1 Py

dimana:

Py (Vt + 1>Vt/(Yt—1)

Py, \ 2
Maka:
Py (1,34 1\ a1
— = ( ) = 1,832
P, 2
P fo 1,832
oot P 792
Py P 1,022
Py
Sehingga:

[1 - (1,832)~(13-1/13]

14-1

Vs B \/2 x 4,05259 x 0,788 x 0,85965
Qo

Vo
— =1,338
Qo



18) Menghitung Koefisien Kerja Output Propeller:

Cprop = npropngnmL(l + f)TATtH(]- - TtL)
Cprop = 0,83x 0,99 x 0,99x(1 + 0,014642) 4,05259 x 0,788 (1 — 0,85965)
Cprop = 0,37

19) Menghitung Koefisien Kerja Compressor Core:

T9 1 PO
Vs ReTy ~ Py
Co=Ve—DM[(1+ f)—— Mg+ (14 f) 22— —=2
= (e — DM,|[( +f)a0 o+ ( +f)RCﬁ ”
Qg
dimana:
Tio
L__ T,
TO Pt9 (Yt_l)/]/t
Py
dan
Tro Ty
T_o = T_OTtHTtL
Ty _ 175167 0,788x 0,85965 = 2,386
T, 497,07 ' °00% -
Maka:
To_ 2386 . .
T 13-1, =
To (1,832) " s
Sehingga:

C.=(1,4—1)0,240286 [(1 + 0,014642)1,338 — 0,240286
49,56281 2,386 1-—1,792

1 +0,014642 _
+(1+ ) 5335954 1338 14

C, = 0,02785

20) Menghitung koefisien kerja output pada engine core total:
Cior = Cprop + C,
Crot = 0,37 + 0,02785



CtOt = 0,398

21) Menghitung Thrust and Mass Flow Ratio:
F _ CtotCpcTo

1, Vo
F 0,398 0,24 x 497,07
m, 262,63952

F
— = 237,176 Ibf /(lbm/sec)
m,

22) Menghitung Specific Fuel Consumption:

_ f
- F

/xing
_0,014642 x 3600
B 237,176

S

= 0,22225(lbm/hr)/Ibf

23) Menghitung Specific Power:

W—C CpcT
r'no_ tot~pct0

W
— =0,398x 0,24 x 497,07
my

W
— = 47,433 hp/(lbm/sec)
mq

24) Menghitung Efficiency Thermal, Propulsive, Overall

. 0,398 e
T = 5.014642x 18.400 ~ 176%
0.276x497 07
0,398
P = a4 -1
(ta3) + (F55—) (1 + 0,014642)x [(1,338)* - 0,2402867]

nP = 49,9%



10.

n0 = 17,6% x 49,9% = 8,8%

Perhitungan performance pada TBO (3.600 hours) pada ketinggian 13.500 ft
berdasarkan data aircraft flight log. Tabel 1.11 merupakan parameter input
engine TBO 3.600 hours.

Tabel 1.11 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 497,07 °R
Tty 1.751,67 °R

Perhitungan:

1) Menghitung konstanta gas di kompresor:

Ye—1

RC:TCPC
o=t 1 404
cT 14 ’

R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf /lbm.°R
R. = 53,35954 ft.lbf /lbm.°R

2) Menghitung konstanta gas di turbine:

ve—1
Ye

Ry = 520,276 = 0,63692 BTU/Ibm.°R

Rt: C

pt

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

3) Menghitung Sound Speed atau kecepatan suara:

Ao = Ve R. 9. Ty

ag = \/1,4 x 53,35954 x 32,174 x 497,07




4)

5)

6)

7)

ao = 1.093,028216 ft/sec

Menghitung Absolute velocity:
Vo= TAS=(—-——x 2% x 0,98 x IAS) + IAS

13500
1000

Vo= 158,075 knot

Vo= 158,075 NM /hr

Vo= 158,075 x 1,852 km/hr

Vo= 292,755 km/hr

Vo=81,321 m/sec

Vo=81,321x 3,2808 = 266, 77425 ft/sec

Vo= (

x 2% x 0,98 x 125) + 125

Menghitung Ratio Temperature Ram:

Vc_l
2

T, =1+ M3
dimana:

My =Vy/ay

266,77425

) = 2772 _ ),244069 Mach
1.093,028216

)

1 2
Ty = 1+————0,244069

7, = 1,012

Menghitung Ram Pressure Ratio:

T[T' — TTYC/ (YC_l)

m, = 1,01204 (141D = 1 042

Menghitung Inlet Pressure Ratio:
Tg = Mamax X Nr
Dimana:

ny=1untuk My <1



Ny =1—0,0075(M, — 1)3% untuk M, > 1
Ty =097x1=097
8) Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

Cpt X Tta
e,
pclo
_ 02762175167 _ o
=T 024x497,07

9) Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :
T, = nc()’c_l)/ (Yc &)

7, = 714D/ (14x090) — 1 85475

10) Menghitung Compressor Efficiency:

nc(yc_l)/yc -1

r]C= Tc_l

7(14-1)/14 _ 1

Ne="Tgsazs—1 087

11) Menghitung Fuel/Air Ratio:
_ T~ Trlc
S aohen e = 12
4,05259 — 1,012 x 1,85475
f= 0,99 x 18.400/(0,24 x 497,07) — 4,05259

= 0,01464

12) Menghitung High Temperature Turbine:

- —1— Tr(Tc - 1)
tH an(l + f)TA
1,012 (1,85475 — 1)

=1- = 0,788
ter 0,99(1 + 0,01464)4,05259




13) Menghitung Turbine High Temperature Ratio:

_ Yylve-veen
Tep = TtH

1,3

ey = 0,788(13-1089 = (0,313

14) Menghitung Turbine Low Temperature Ratio:

T_l/etH
* _ tH
Dimana

— -1
= (nrndncnbnn)(yt ) ve

dan

P lEs

(r]prop r]g r]mL)Z

maka:
m = (1,042 x 0,97 x 7 x 0,96 x 0,99)(13-1/13 = 1 552

dan

[1,4 — 1] [ 0,244069 2
2 (4,05259 x 0,788)
(0,83x 0,99 x 0,99)2

A= =3,733x 1073

Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati
0,0001.

. 0,788_1/0’89 L
T = —gsy T 3733x107F = 0,846
o —1/ery _—1/eg
1—eyT e
—(1- tL
Tth = tHT[ TtL(l etL)/etL + A(l + etL tH - tLi )2
0,788~1/0:89
Ttix = W0,846—(1/0.91)/o,91 +

1-0,910,7887%/08% 0,8461/091
0,91 1,552

3,733 x 1073(1 +

o1y = 0,861



-1/etn @ Y 1—ey ,l._l/etH T_l/etL
_ _tH —(1—e¢L)/ecL tH tLx 2
S — A(l
Ttrxx T Tth + ( + etL T )
0,78871/089

Ttlax = W0’861—(1/0,91)/0,91 +

1-0,910,7881/08%9y 0,861 ~1/091
3,733 x 1073(1 + ,

0,91 1,552
Terxx = 0,85949
e -1/e -1/e
T = Ty —(1-e¢)/err +AL+ T—eq Ty M T )2
tLxxx T tLocx ” -
0,788_1/0'89
Ttrxxx = W0,85949_(1/0,91)/0,91 +

1—0,910,788~1/08% (,85949~1/091
0,91 1,552

3,733 x 1073(1 + 2

Tepxxx = 0,85964
Terxxx — Terxx = 0,85964 — 0,85949 = 0,00015 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,85964

15) Menghitung Turbine Low Pressure Ratio:

Y t
Ye—legL
tL

Ty, = T

1,3
Ty, = 0,8596413-D091 = (487

16) Menghitung Ratio Total Pressure dan Overall Pressure:

Pro

P_ =TTy Ty
0

P

PL‘) =1,041x 097 x 7 x 0,96 x 0,313 x 0,487x 0,99
0

Pt9

— = 1,023

P

0

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:



E _ 2T) Ty Tyer [1- (@)_(w—l)/n]
Qg ve—1 Py

dimana:

Piq (Vt + 1)Vt/(yt—1)

P, \ 2

Maka:

Py (1,34 1\ ¥as-n

— = ( ) = 1,832
Py 2

P e 1,832

b P01

Py Pm 1,023

Py
Sehingga:
Vy 2 x 4,05259 x 0,788 x 0,85964
R p— 1—(1,832 -(1,3-1)/1,3
V.
-2 =1,338
Qg

18) Menghitung Koefisien Kerja Output Propeller:

Cprop = npropngnmL(]- + f)T)LTtH(]- — Ter)
Cprop = 0,83x 0,99 x 0,99x(1 + 0,01464) 4,05259 x 0,788 (1 — 0,85964)
Cprop = 0,37

19) Menghitung Koefisien Kerja Compressor Core:

V. RE -
9 t To Py
C.= - 1I)M,1+f)—— M+ (1 +f)—F———
e = 0= DML+ ) = Mo + (14 DRl gt ——
Qo

dimana:

Tio
Ty _ To

To Pry (re—1) /s
Py



dan

Tto . Ty

T_o = T_OTtHTtL

Tro _ 175167 0,788x 0,85964 = 2,386
T, ~ 497,07 OO -
Maka;

T, 2,386 > 075

_— = (1'3_ ) = ,

To (1,832) " s

Sehingga:
C.=(1,4—-1)0,244069 [(1+ 0,014642)1,338 — 0,244069

49,56281 2,386 1-1,791

+(1+0,014642) 53,35954 1,338 1,4

C. = 0,02805

20) Menghitung koefisien kerja output pada engine core total:
Cior = Cprop + C,
Cror = 0,37 + 0,02805
Crot = 0,398

21) Menghitung Thrust and Mass Flow Ratio:
F _ CtothcTO

I’i’lo VO
F 0,398 x 0,24 x 497,07
m, 266,77425

F
— = 233,615 Ibf /(lbm/sec)
my

22) Menghitung Specific Fuel Consumption:
__I
g
_0,01464 x 3600
233,615

S

= 0,22556 (Ibm/hr) /Ibf



23) Menghitung Specific Power:

W

m_o = CtothcTO

W

— = 0,398x 0,24 x 497,07

my

w
— = 47,456 hp/(lbm/sec)
mq

24) Menghitung Efficiency Thermal, Propulsive, Overall

T = 0,578 = 17,6%
M =0,014637x 18.400 _ /07
0.276x497,07
p 0,398
nr = —
(83;) + (1’42 1) x (1 +0,014637)x [(1,338)2 — 0,24400692]
nP = 49,9%

n0 = 17,6% x 49,9% = 8,8%

11. Perhitungan performance setelah TBO Extension (5.600 hours) pada
ketinggian 4.500 ft berdasarkan data Aircraft Flight Log (AFL) yang di
record di Nabire pada 28 Juni 2017. Tabel 1.12 merupakan parameter input
engine TBO extension 5.600 hours.

Tabel 1.12 Parameter Input Engine Extension 5600 Hours.

Parameter Input Satuan
To 527,67 °R
Tts 1.733,67 °R

Perhitungan:

1) Menghitung konstanta gas di kompresor:



Vc_l

RCZV—CCPC
=1 404
€T 1,4 ’

R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf/lbm.°R
R. = 53,35954 ft.lbf /lbm.°R

2) Menghitung konstanta gas di turbine:

Ye—1
R, = C
‘ Y pt
1,3-1

R, = 1—30,276 = 0,63692 BTU/Ibm.°R

R, = 0,63692 x 778,16 ft.lbf/Ibm.°R
R, = 49,56281 ft.lbf/lbm.°R

3) Menghitung Sound Speed atau kecepatan suara:

Ao =+ Yc R. g: Ty
ap = \/1,4 x 53,35954 x 32,174 x 527,67
a, = 1.126,1696 ft/sec

4) Menghitung Absolute velocity:
Vo= TAS=(——=x 2% x 0,98 x IAS) + IAS

Vo= (zoodx 2% x 0,98 x 147) + 147

Vo= 159,9654 knot
Vo= 159,9654 x 0,5144 = 82,2862 m/sec
Vo= 82,2862 x 3,2808 = 269,9646ft/sec

5) Menghitung Ratio Temperature Ram:

Vc_l
2

=1+ M2



269,9646

MO = m = 0,239719 Mach

)

1 2
Ty = 1+———0,239719

7, = 1,01149

6) Menghitung Ram Pressure Ratio:

T[T‘ — TrYC/ (Vc_l)

m, = 1,01149%*/ (14=1) = 104081

7) Menghitung Inlet Pressure Ratio:
Ta = Mamax X Nr
Dimana:
n,= 1 untuk M, <1
Ny =1—0,0075(M, — 1)*3% untuk My > 1
Ty =097x1=0,97

8) Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

Cpt X Tt4
o
pct0
_0276x173367 .
=T 024x52767 >

9) Menghitung temperature ratio di ruang bakar dengan ambient

temperature pada ketinggian terbang:

T, = n’c()’c_l)/ (Ve &c)

7, = 7(14=1D/ (14x090) — 1 85475

10) Menghitung Compressor Efficiency:



n-C(Vc_l)/Yc -1

nC = TC _ 1
7 (1,4—1)/1,4- _ 1
_ = 0,87001
Me = 1854748 — 1

11) Menghitung Fuel/Air Ratio:
_ Ty — T, T¢
a Nphpr/(CpcTo) — Ta
3,77835 — 1,01149 x 1,85475

= = 0,01358
f 0,99 x 18.400/(0,24 x 527,67) — 3,77835
12) Menghitung High Temperature Turbine:
- —1— Tr(Tc - 1)
tH Nmu (1 + )1
1,01149 (1,85475 — 1)
=0,77196

=1-
ter 0,99(1 + 0,01358) 3,77835

13) Menghitung Turbine High Temperature Ratio:

_ Vt/ve-Deeq
Tty = TtH

1,3
0,77196(1,3-1)0,89 = 0,28361

Tty

14) Menghitung Turbine Low Temperature Ratio:

-1/e
- /etn

H
T, = H—+ A
T

— -1
= (nrﬂdncﬂbﬂn)(n e

_ 2
A= [VC 2 1] [(T)ILV{fOtH)

(npropngnmL)z
m = (1,040581 x 0,97 x 7 x 0,96 x 0,99)(13-1/13 = 1 55196




[1,4 - 1] [ 0,239719 2
2 1|(3,77835x 0,77196)
(0,83x 0,99 x 0,99)2

Untuk menghitung t/;; dilakukan iterasi sampai nilainya mendekati
0,0001.
0,77196-1/0:89

A= = 3,94x 1073

(i = 3,94x 1073 = 0,86576
fii 155196 0%
_1/61;H _1/etH —l/etL
1—eqyT T,
tH —(1-ecL)/err tL Tty tLi )
= =Ty +A(1+
TtLx T TtLl ( o - )
0,771961/0.89
Tux = ~oojge  0B65767C/OVMO 4
394 10_3 14 1-— 0,91 0,77196—1/0,89x 0,86576_1/0’91 ,
' 1+ =501 155196
T = 0,87896
_1/81;1.1 —1/6151-1 _1/EtL
1—eqT T
tH _(1_etL)/etL tL tH tLx 2
= + A(1+
TtLxx T Tth ( o - )
0,77196-1/0:89
= = 0,87896~(1/091)/091
FeLxx 1,55196 +
394 10_3 14 1-— 0,91 0,77196—1/0.89x 0,87896_1/0’91 ,
' 1+ =001 155196
Terex = 0,87764
T_l/etH _l/etH _1/etL

_ Ytm —(1-es)/ew 1—ey Ty Tiixx <2
Tilxx = — Topex + A1+ ” - )

0,77196~1/0.89

Ttrxxx — TE519¢ 0,87764_(1/0'91)/0'91 +

1-091 0'77196_1/0'89)( 0,87764-_1/0’91 ,

3,941073(1
d+ 0,91 1,55196

Tepaxy = 0,87777
Tirxx — Terxxx = 0,87764 — 0,87777 = 0,00013 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,87777



15) Menghitung Turbine Low Pressure Ratio:

Y ¢t
Yt—letL
tL

T[tL: T

1,3

Ty, = 0,87777@3-D091 = (53751

16) Menghitung Ratio Total Pressure dan Overall Pressure:

P _
_P SN cpTTg e Ty
0

P
PL‘) = 1,04053 x 0,97 x 7 x 0,96 x 0,27324 x 0,55829x 0,99
0

%t; — 1,02388

Pyg Ve + 1\ /e

Py ( 2 )

Poo _ (1’3 * 1)1'3/(1'3_1) — 1,83242
P, 2 ’

P, I;Tt: 1,83242

o0ty P 78968

Py P 1,0243
Py

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

E _ 2T) Ty Tyer [1- (E)_(n—l)/n]
Qg Ye—1 Py

[1— (1,83242)~(13-D/13]

14-1

A B \/2 x 3,77835 x 0,77196 x 0,87777
Qo

Vo
— =1,279217
Qg

18) Menghitung Koefisien Kerja Output Propeller:
Cprop = npropngnmL(l + f)TATtH(l - TtL)



Cprop = 0,83 x 0,99 x 0,99x (1 + 0,01358) 3,77835 x 0,77196 (1
—0,87777)
Cprop = 0,29109

19) Menghitung Koefisien Kerja Compressor Core:

Ty Py
Vo Ry T, P
C.=(v. — DM,[(1 2 _M,+(1 _t-o_
e = (ve — DM,[( +f)a0 0+ ( +f)Rc£ "
ao
TO TO tH'tL
o _ 1,78968
Py
Ty _ 173367 0,77196 x 0,87777 = 2,22629
T, _ 527,67 x5 -~
T, 2 2,22629
LL B | — e —— =1,9359
Ty (re 1)/ (1.3 1)/
Py ve  (1,83242) 13
Py

C.=(1,4-1)0,239719 [(1 + 0,01358)1,27645 — 0,239719
49,56281 1,9359 1-1,78968
53,359541,279217 1,4

+ (1+0,01358)

C. = 0,025631

20) Menghitung koefisien kerja output pada engine core total:
Ctot = Cprop + C¢
Cror = 0,29109 + 0,025631
Cror = 0,31741

21) Menghitung Thrust and Mass Flow Ratio:
F — CtothcTO

m, Vo
F  0,31741x 0,24 x 527,67
m, 269,9646




F
— = 195,5387 Ibf /(Ibm/sec)
0

22) Menghitung Specific Fuel Consumption:

g
F/_
mq
S = 001358 = 0,257005 (Ibm/hr)/lb
~ 1955387 (lbm/hr)/Ibf

23) Menghitung Specific Power:

Y
m_o = CtothcTO

W
— =0,31741 x 0,24 x 527,67
mg

w
= 40,55917 hp/(lbm/sec)
0

24) Menghitung Efficiency Thermal, Propulsive, Overall

0,31741

T = 5,01358x 18.400
0276x527.67

=16,1%

, 0,31741
nP = =

(22009 + (2 20) (1 +0,01358)x [(1,279217)? — 0,2397192]
nP = 46,8%

n0 = 16,1% x 46,8% = 7,5%

12. Perhitungan performance setelah TBO Extension (5.600 hours) pada
ketinggian 5.500 ft berdasarkan data Aircraft Flight Log (AFL). Tabel 1.13
merupakan parameter input engine TBO extension 5.600 hours.

Tabel 1.13 Parameter Input Engine TBO 3600 hours



Parameter Input Satuan

To 522,27 R

Tta 1.724,67 R

Perhitungan:

1)

2)

3)

4)

Menghitung konstanta gas di kompresor:

Y. — 1
Rc: CVC Cpc
o=ttt oo
cT 14 ’

R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf /lbm.°R
R. = 53,35954 ft.lbf/lbm.°R

Menghitung konstanta gas di turbine:

ve—1

Ve

_13-1
13

Cpt

Rt:

R, 0,276 = 0,63692 BTU/Ibm.°R

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

Menghitung Sound Speed atau kecepatan suara:

Ao = +/Ye Rc gc T
ag = \/1,4 x 53,35954 x 32,174 x 522,27
ap = 1.120,39235 ft/sec

Menghitung Absolute velocity:
Vo= TAS=(—=x 2% x 0,98 x IAS) + IAS

Vo= ((25x 2% x 0,98 x 140) + 140

Vo= 155,092 knot
Vo= 155,092 NM /hr



5)

6)

7)

8)

Vo= 155,092 x 1,852 km/hr

Vo= 287,23 km/hr

Vo=79,786 m/sec

Vo= 79,786x 3,2808 = 261,74 ft/sec

Menghitung Ratio Temperature Ram:

Vc_l

=1+ >

Mg
dimana:

My =Vy/a,
261,74
0 ™ 1.120,39235

= 0,233615 Mach

)

14-1 ,
Ty = 1+————10,233615

7, = 1,01092

Menghitung Ram Pressure Ratio:

T[T' — TT'YC/ (YC_l)

m, = 1,01092v4/ (14-1) = 1 013873

Menghitung Inlet Pressure Ratio:
Ta = Mamax X Nr
Dimana:
n,= 1 untuk M, <1
7, = 1—0,0075(M, — 1)*3> untuk My, > 1
Ty =097x1=0,97

Menghitung entalphy ratio di ruang bakar dengan ambient temperature
pada ketinggian terbang:
Cpt X Tt‘l-

Ty =
A CchO



0,276 x1.724,67
= 024 x522,27

= 3,7976

9) Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = n-C(yc_l)/ (Ve &c)

7, = 7(1L4~1D/ (14x090) — 1 85475

10) Menghitung Compressor Efficiency:

nc(yc_l)/yc -1

r]C = Tc _ 1
7(1,4—1)/1,4 _
_ = 087001
Me = 185475 — 1

11) Menghitung Fuel/Air Ratio:
_ T~ Tl
- UthR/(Ccho) — T2
3,7976 — 1,012 x 1,85475

= = 0,013584
f 0,99 x 18.400/(0,24 x 522,27) — 3,7976
12) Menghitung High Temperature Turbine:
Tow =1 — Tr(Tc - 1)
H an(l + f)T)L
1,012 (1,85475 — 1)
Ty =1 =0,77325

0,99(1 + 0,013584)3,7976

13) Menghitung Turbine High Temperature Ratio:

_ YI0e-Den
Tty = Tiy

1,3
ey = 0,77325(1,3-1)0,89 = (,28591

14) Menghitung Turbine Low Temperature Ratio:



-1/etn

« _ ‘tH
Teri = + A
T

Dimana
= -1
T = (nrndncnbnn)(% ) Ve

dan

_ 2
A= [YC 2 1] [(T%OtH)

(MpropNgNms)?
maka:
m = (1,03873 x 0,97 x 7 x 0,96 x 0,99)(3-1/13 = 1 55124

dan

[1,4 — 1] [ 0,233615 2
2 (3,7976 x 0,77325)

A=
(0,83x 0,99 x 0,99)?

=3,72x1073

Selanjutnya nilai t/;; dilakukan iterasi sampai nilainya mendekati
0,0001.
_0,7732571/089

- 3,72 x 1073 = 0,86432

Fui 155124 74X
i —1/ety _—1/etr
i —(- 1—eyt T

Tue = oy A
0,77325-1/0:89

= — 0,86432~(1/0,91)/0,91
Feix 1,55124 +

1—10,910,77325"1/089 (0, 86432~1/091
3,72 x 1073(1 + ,

0,91 1,55124
Tix = 0,877603
—1/etH —l/etH —1/etL
1—eqgt T
tH —(1—e¢n)/etL tL “tH tLx 2
= + A1+
TtLxx - Tth ( o - )
0,7732571/0.89
TtrLxx = {5124 0,877603_(1/0'91)/0'91 +

1-091 0’77325_1/0'8936 0,877603_1/0’91 ,
0,91 1,55124

3,72 x 1073(1 +



Teiex = 0,87627

—-1/etn ( Y 1—ey T_l/etH —-1/eeL
_ _tH —(1-etL)/etL tH tLxx 2
Tthxx - T Tthx + A(l + etL T )

0,7732571/0.89

TeLxxx — 1Tc124 0,87627_(1/0'91)/0'91 +

1—0,910,77325"1/08% (87627 1/091 ,

3,72 x 1073(1
X 1075(1 + =557 155124

Teieey = 0,87641
Tirxex — Teixx = 0,87641 — 0,87627 = 0,00014 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,87641

15) Menghitung Turbine Low Pressure Ratio:

Y ¢t
— Ye—letL
Ty, = TtL

1,3
Ty, = 0,876413-D091 = 0,53354

16) Menghitung Ratio Total Pressure dan Overall Pressure:

Pt9

P_ S MMM cMpTTg e Ty
0

P

PL‘) =1,041x 0,97 x 7 x 0,96 x 0,28591 x 0,53354 x 0,99
0

P

2~ 1,02255

Py

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

Qo Ye—1 Py

dimana:

Py Ve + 1\'/0e-D
Py ( 2 )
Maka:



1\ 13/(3-1)
) = 1,83242

Pt9 (

P,
Py p_ 1,83242

Py  Po 102255
Py

=1,79201

Sehingga:

Ve 2x3,7976 x 0,77325 x 0,87641
9 \/ [1- (1,83242)—(1,3—1)/1,3]

ag 14—1

Vs
— = 1,29553
Qg

18) Menghitung Koefisien Kerja Output Propeller:
Corop = NpropNgNmi (1 + T7en (1 — 741)
Cprop = 0,83x 0,99 x 0,99(1 + 0,013584) 3,7976 x 0,77325 (1 — 0,87641)
Cprop = 0,29925

19) Menghitung Koefisien Kerja Compressor Core:

T9 PO
t TO Pg
Cc= e — 1)Mo[(1+f)——Mo +(A+ ) —
R. Vs Ye
ao
dimana:
Tio
L__ T,
Ty Pry (Yt—l)/yt
Py
dan
Ty _ 1.724,67 0,77325x 0,87641 = 2,23787
Ty ~ 522,27 x5 -

Maka:



T, 223787

= = 1,94598
To

,83242)" " 3
Sehingga:
C.=(1,4-1)0,233615 [(1 + 0,013584)1,29553 — 0,233615
49,56281 1,94598 1 —1,79201

+(1+0013584) coocoe 199553~ 14

C. =0,02612

20) Menghitung koefisien kerja output pada engine core total:
Ctot = Cprop + C¢
Cror = 0,29925 + 0,02612
Crot = 0,32537

21) Menghitung Thrust and Mass Flow Ratio:
F — CtothcTO

1, Vo
F0,32537 x 0,24 x 522,27
m, 261,74

F
= 204,62589 Ibf /(Ilbm/sec)
0

22) Menghitung Specific Fuel Consumption:

_ f
- F

/xing
_0,013584 x 3600
~ 204,62589

S

= 0,23899 (Ilbm/hr)/lbf
23) Menghitung Specific Power:

w

m_o = CtothcTO

W
— =0,32537x 0,24 x 522,27
my



W
— = 40,78318 hp/(lbm/sec)

my

24) Menghitung Efficiency Thermal, Propulsive, Overall

. 0,32537 163
M =0,013584x 18.400  ~>»°7°
0,276x522,27
, 0,32537
npP = -
(0%989325) N (1,42 1)x (14 0,013584)x [(1,29553)2 — 0,2336152]
nP = 47,2%

10 =16,3% x47,3% = 7,7%

13. Perhitungan performance setelah TBO Extension (5.600 hours) pada
ketinggian 6.500 ft berdasarkan data Aircraft Flight Log (AFL). Tabel 1.14

merupakan parameter input engine TBO extension 5.600 hours

Tabel 1.14 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 518,67 °R
Tts 1.724,67 °R

Perhitungan:
1) Menghitung konstanta gas di kompresor:

Y. — 1
Re = CVC Coe
Ro=A=t o4
c 14 ’

R, = 0,06857 BTU/Ibm.°R
R. = 0,06857 x 778,16 ft.lbf /lbm.°R
R. = 53,35954 ft.lbf/lbm.°R



2) Menghitung konstanta gas di turbine:

Ye—1
R, = C
t yt pt
R, =22220,276 = 0,63692 BTU/Ibm.°R

T 1,3
R, = 0,63692 x 778,16 ft.lbf/bm.°R
R; = 49,56281 ft.lbf/bm.°R

3) Menghitung Sound Speed atau kecepatan suara:

Ao = +/Ye R: gc Ty
ag = \/1,4 x 53,35954 x 32,174 x 518,67
ap = 1.116,524425 ft/sec

4) Menghitung Absolute velocity:
Vo= TAS=(—=x 2% x 0,98 x IAS) + IAS

Vo= (5222 x 2% x 0,98 x 140) + 140

Vo= 158,963 knot

Vo= 158,963 NM /hr

Vo= 158,963 x 1,852 km/hr

Vo= 294,399 km/hr

Vo=81,778 m/sec

Vo= 79,786x 3,2808 = 268,2736 ft/sec

5) Menghitung Ratio Temperature Ram:

Vc_l
2

7, =1+ M3

dimana:

My =Vy/ay
268,2736

= ————=0,2240276 Mach
1.116,524425

0



1,
=1+ 70,224‘0276 2

7, = 1,01155

6) Menghitung Ram Pressure Ratio:

T[T — TTYC/ ()/C—l)

m, = 1,01155%*/ (4-1) = 1,041

7) Menghitung Inlet Pressure Ratio:
Mg = Tamax X Nr
Dimana:
n-=luntuk M, <1
7y = 1—0,0075(M, — 1)3> untuk M, > 1
mg =097x1=0,97

8) Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

Cpe X Ty
=TT
pctO0
_0276x172467 _ oo
= T024x51867

9) Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = n'c()/c_l)/ (Ve &c)

7, = 7(14-1/ (14x090) _ 1 85475

10) Menghitung Compressor Efficiency:

n-c()’c_l)/)’c -1

Ne = To—1
7(1,4—1)/1,4 -1

Me="Tgsqrs—1 087001




11) Menghitung Fuel/Air Ratio:
_ Ty — T, T¢
= UthR/(Ccho) —T)
3,82395 —1,01155 x 1,85475

= = 0,01367
0,99 x 18.400/(0,24 x 518,67) — 3,82395
12) Menghitung High Temperature Turbine:
T =1— Tr(Tc - 1)
i Nmu (1 + f)Ta
1,01155 (1,85475 — 1)
=0,77469

=1-
ter 0,99(1 + 0,01367)3,82395

13) Menghitung Turbine High Temperature Ratio:

_ Yt/[(Yt—l)etH]
Ty = TtH

1,3
Ty = 0,77469(3-D089 = ,28852

14) Menghitung Turbine Low Temperature Ratio:

—1/ety

H
T = = + A
T

Dimana
= (nrndncnbnn)(n_l)/ G

dan

_PlEs

(MpropNgNme)?
maka:
m = (1,03873 x 0,97 x 7 x 0,96 x 0,99)(13-D/13 = 1 55124
dan

[1,4 — 1] [ 0,2240276 2
2 (3,82395 x 0,77469)

A=
(0,83x 0,99 x 0,99)2

=3,9x 1073




Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati
0,0001.
0,774691/089

Thi = —oogg T 39% 1070 = 086227
_1/61;H _1/etH —l/etL
_ Ttn _-(-ew)/eu 1—ey 1y TiLi 5
Ttrx = T Teri + A(l + o — )
-1/0,89
Tiox = 0'7145659124 0,86227_(1/0’91)/0’91 +
39 % 10-3(1 4 1-10,910,7746971/08%9x 0,86227 1/t
21070+ g1 1,55124
Ty = 0,875763
_1/81;1.1 —1/6151-1 _1/EtL
r —-(1- 1—ey T T
TeLxx = tH—TtL(,: ecL)/eeL +A(1 + tL ttH thx )2
€L T
0,77469~1/0.89
Ttlxx = 15124 0,875763_(1/0'91)/0'91 +
39 10_3 14+ 1-091 0,77469—1/0,89x 0,875763_1/0’91 ,
i ( 0,91 1,55124 )
Terex = 0,87441
—1/etn @ Y 1— e, T—l/etH —1/esp,
tH e € tH tLxx
Ttrxxx = T TiLxx tLLI/EEL A1+ ™ - )2
0,77469_1/0'89
TtLxxx = 155124 0,874‘41_(1/0'91)/0:91 +
1—0,910,77469-1/08% (0 87441-1/091
3,9x 10_3(1 + 2

0,91 1,55124
Tirxxex = 0,87455
Tirxxx — Tirxx = 0,87455 — 0,87441 = 0,00014 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,87455

15) Menghitung Turbine Low Pressure Ratio:



Y ¢t
Yt—letL
tL

T[tL: T

1,3
my = 0,87455(13-1)091 = (0,52817

16) Menghitung Ratio Total Pressure dan Overall Pressure:

P
P =Ty Mgy TepTe Ty
0
P =1,041x 0,97 x 7 x 0,96 x 0,28852 x 0,52817x 0,99
0
=1,02371
Po

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

E _ \/ZTATtHTtL [1- (E)_(n_l)/n]

Qg ve—1 Py
dimana:
Py Ye + 1\"/0e-D
Py ( 2 )
Maka:
P 1\ 13/(3-1)
i ( ) = 1,83242
Pyg
Py p_ 183242 28998
Pq Ptg 1,02371 ’
Py
Sehingga:
Vy 2x 3,82395 x 0,77469 x 0,87455
— = 1—(1,83242)-(13-1)/13
a \/ 141 [1—( ) ]
Vo
— = 1,29985
Qg

18) Menghitung Koefisien Kerja Output Propeller:



Corop = npropngnmL(l + Ot (1 —141)
Cprop = 0,83x 0,99 x 0,99(1 + 0,01367) 3,82395 x 0,77469(1 — 0,87455)
Cprop = 0,30640

19) Menghitung Koefisien Kerja Compressor Core:

Ty 1 Py
Vs ReTy ~ Py
Co=We—DM[A+f)——My+ (A +f)—>——2
e = 0= DMp[(L+ ) 2 = Mo+ (L+ Rt g2 = —
ap
dimana:
Tio
Ty _ To
T -1
TO (h) t /t
Py
dan
Tto  Tia
T_o = T_OTtHTtL
Teo _ 172467 ) o 469x 0.87455 = 2,2582
T, _ 518,67 X -
Maka:
Ty _ 2,2582 — 195897
T_O - (1,3—1)/ -
(1,83242) 13
Sehingga:

C.=(1,4—-1)0,240276(1 + 0,01367)1,29553 — 0,240276

49,56281 1,95897 1-—1,78998

+(1+0,01367) 53,35954 1,29985 1,4

C, = 0,02659

20) Menghitung koefisien kerja output pada engine core total:
Ctot = Cprop + C¢
Cror = 0,30640 + 0,02659
Cror = 0,33304



21) Menghitung Thrust and Mass Flow Ratio:
F _ CtothcTO

r.nO VO
F 0,33304 x 0,24 x 518,67
m, 268,2736

F
= 202,94439 Ibf /(Ibm/sec)
0

22) Menghitung Specific Fuel Consumption:
__I
E g
~0,01367 x 3600
202,94439

S

= 0,24245 (Ibm/hr) /Ibf

23) Menghitung Specific Power:

Y
m_o = CtothcTO

W
— =0,33304x 0,24 x 518,67
my

W
o= 41,457771 hp/(lbm/sec)
0

24) Menghitung Efficiency Thermal, Propulsive, Overall

- 0,33304 1650
T = 5.01367x 18400 — 107
0276x518,67
0,33304
np =

(0,3(;?86340) " (1,42— 1

nP = 47,6%

n0 = 16,5% x 47,6% = 7,9%

)x (1 + 0,01367)x [(1,29985)2 — 0,2402762]



14.

Perhitungan performance setelah TBO Extension (5.600 hours) pada
ketinggian 7.500 ft berdasarkan data Aircraft Flight Log (AFL). Tabel 1.15

merupakan parameter input engine TBO extension 5.600 hours.

Tabel 1.15 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 518,67 °R
Tty 1.733,67 R

Perhitungan:

1) Menghitung konstanta gas di kompresor:

Yy, — 1
Rc= CVc Cpc
Ro= 1 404
cT 1,4 ’

R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf /lbm.°R
R. = 53,35954 ft.lbf/lbm.°R

2) Menghitung konstanta gas di turbine:

Ye—1
R, = C
‘ Ve pt
R, =2220,276 = 0,63692 BTU/Ibm.°R

13
R; = 0,63692 x 778,16 ft.lbf/bm.°R
R; = 49,56281 ft.lbf/bm.°R

3) Menghitung Sound Speed atau kecepatan suara:

Ao = +Ye Re g: Ty
ag = \/1,4 x 53,35954 x 32,174 x 518,67
ap = 1.116,524425 ft/sec




4) Menghitung Absolute velocity:
Vo= TAS=(—-——x 2% x 0,98 x IAS) + IAS

Vo= (Zosx 2% x 0,98 x 138) + 138

Vo= 158,286knot

Vo= 158,286NM /hr

Vo= 158,286x 1,852 km/hr

Vo= 293,146 km/hr

Vo=81,425m/sec

Vo= 81,425x 3,2808 = 267,1303 ft/sec

5) Menghitung Ratio Temperature Ram:

Ye—1

7, =1+ 5 M3
dimana:
My =Vy/a,
0 = —223% _ _ 239252Mach
1.116,524425

14-1
=1+ 70,2392522

1, = 1,01145

6) Menghitung Ram Pressure Ratio:

T[T' — TTYC/ (YC_l)

m, = 1,01145%% (14-1) = 1,04065

7) Menghitung Inlet Pressure Ratio:
Ta = Tamax X Nr
Dimana:
n,=1untuk M, <1
Ny = 1—0,0075(My — 1)%3° untuk M, > 1



g =097x1=097

8) Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

Cpt X Tta
o
pclo
_0276x1.73367 o
=T 024x51867

9) Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = nc()’c_l)/ (Ve €c)

7, = 7(14-1/ (142090) — 1 85475

10) Menghitung Compressor Efficiency:

n-c()/c_l)/)/c -1

nC: TC_]_

7(14-1)/14 _ 1

Ne=Tgsa7s—1 087001

11) Menghitung Fuel/Air Ratio:
_ Ty — T, T¢
S henl CoeTo) — 12
3,84391 — 1,01145 x 1,85475

= = 0,01381
0,99 x 18.400/(0,24 x 518,67) — 3,84391
12) Menghitung High Temperature Turbine:
- —1— Tr(Tc - 1)
i an(l + f)TA
1,01145 (1,85475 — 1)
=0,77591

=1-
teH 0,99(1 + 0,01381)3,84391



13) Menghitung Turbine High Temperature Ratio:

_ Yt/[(Yt—l)etH]
Ty = TtH

1,3
ey = 0,77591(13-1)0,89 = (,29074

14) Menghitung Turbine Low Temperature Ratio:

T_l/etH
* _ tH
Dimana

— -1
= (nrndncnbnn)(yt ) ve

dan

P lEs

(r]prop r]g r]mL)Z

maka:
m = (1,04065 x 0,97 x 7 x 0,96 x 0,99)13-D/13 = 1 5519

dan

[1,4 — 1] [ 0,239252%
2 (3,84391 x 0,77591)
(0,83x 0,99 x 0,99)2

A= = 3,84x 1073

Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati
0,0001.
0,7759171/0:89

*

+ 3,84x 1073 = 0,86076

Tor: =
Lt 1,5519
—1/ety 1 —1/en _—1/erL
tH —(1-e¢L)/etL € Ty TtLi 2
= : + A(1 +
Tirx T TeLi ( el T )

0,775911/089

= 0,86076-(/09D/091 4
feLx 15519

1-091 0’77591_1/0’8936 0,86076_1/0’91 ,
0,91 1,5519

3,84x 1073(1 +

T, = 0,874368



—1/etH _1/etH —1/etL
1—eyqt T
— tH _(1_etL)/etL tL Tey tLx )
- T - A(l
Ttrxx T Tth + ( + o - )
0,77591_1/0'89
Ttlax = 15519 0,874368_(1/0'91)/0'91 +
3 84x 10-3(1 + 1—0,910,77591~1/08% (0,874368~1/091 ,
Gl ( 0,91 1,5519 )
Terex = 0,87301
-1/e —1/e 1/e
T _ Ln M —(-ewen +AL+ L—eu Ty’ ™ Topx X
tLxxx T tLxx etL -
0,77591_1/0'89
TtLxxx = 15519 0,87301~(1/091)/0,91 4

1—0,910,77591-1/08% 0 87301 ~1/091
0,91 1,5519

3,84x 1073(1 + 2

Tipxxx = 0,87314
Terxxx — Terxex = 0,87314 — 0,87301 = 0,00013 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,87314

15) Menghitung Turbine Low Pressure Ratio:

Y t
Ye—legL
tL

Ty, = T

1,3
my, = 0,87314(13-1)091 = (,52414

16) Menghitung Ratio Total Pressure dan Overall Pressure:

Pq

P_ =My Ty Ty
0

P

Pﬁ = 1,04065x 0,97 x 7 x 0,96 x 0,29074 x 0,52414x 0,99
0

P

-2 _1,02338

PO

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:



E _ 2T) Ty Tyer [1- (@)_(w—l)/n]
Qg ve—1 Py

dimana:

Piq (Vt + 1)Vt/(yt—1)

Py 2

Maka:

Py (1,34 1\ ¥as-n

Pro _ ( ) = 183242
P, 2

P, ] 1,83242

o_ B 2 1,79055

Py  Po 102338

Py
Sehingga:
V. 2 x 3,84391 x 0,77591 x 0,87314
2= \/ [1— (1,83242)-(13-D/13]
a 1,4—-1
Vo
— =1,30322
Qo

18) Menghitung Koefisien Kerja Output Propeller:

Corop = NpropNgNme (1 + T7em (1 — 7¢1)

Cprop = 0,83x 0,99 x 0,99(1 + 0,01381) 3,84391 x 0,77591(1 — 0,87314)
Cprop = 0,31204

19) Menghitung Koefisien Kerja Compressor Core:

Ty Py
Vs ReTy, ~ P
C.= - 1M1+ )—— M+ (1 +f)—F———
e = 0= DML+ )2 = Mo+ (1 + HREgE——
Qo
dimana:
Tio
Ty _ To

To Pry (re—1) /s
Py



dan

Tro  Tia
T_o = T_OTtHTtL
fto 175307 ) 77591x 0,87314 = 2,2645
T, _ 51867 x5 -
Maka:
Ty 2,2645 196013
To 3D
(1,83242) 13

Sehingga:
C.=(1,4-1)0,239252(1 + 0,01381)1,30322 — 0,239252

49,56281 1,96913 1 -—1,79055

+(1+0,01381) 53,35954 1,30322 1,4

C. = 0,02665

20) Menghitung koefisien kerja output pada engine core total:
Cior = Cprop + C,
Cror = 0,31204 + 0,02665
Cror = 0,3387

21) Menghitung Thrust and Mass Flow Ratio:
F _ CtothcTO

I’i’lo VO
F 0,3387x 0,24 x 518,67
m, 267,1303

F
= 207,27105 Ibf /(Ibm/sec)
0

22) Menghitung Specific Fuel Consumption:
__I
g
_0,01381 x 3600
207,27105

S

= 0,23987 (Ibm/hr) /Ibf



23) Menghitung Specific Power:

W
m_o = CtothcTO

W
— =0,3387x 0,24 x 518,67
my

%
= 42,16113 hp/(lbm/sec)
0

24) Menghitung Efficiency Thermal, Propulsive, Overall

- 0,3387 e
Ml = 5.01381x 18400 — 10:6%
0.276x518,67
p 0,3387
nP = —
(0'3182304) (1’42 1) x (1 + 0,01381)x [(1,30322)2 — 0,2392522]
nP = 47,8%

n0 = 16,6% x 47,8% = 7,9%

15. Perhitungan performance setelah TBO Extension (5.600 hours) pada
ketinggian 8.500 ft berdasarkan data Aircraft Flight Log (AFL). Tabel 1.16

merupakan parameter input engine TBO extension 5.600 hours.

Tabel 1.16 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 516,87 °R
Tta 1.742,67 °R

Perhitungan:

1) Menghitung konstanta gas di kompresor:

Y. — 1
R, = CYC Cpc




Ro= 1 404
cT 1,4 ’
R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf /lbm.°R

R. = 53,35954 ft.lbf/lbm.°R

2) Menghitung konstanta gas di turbine:

Ye—1
Vi

1,3—-1 o
50,276 =0,63692 BTU/Ibm.°R

1

Cpt

Rt:

Rt=

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

3) Menghitung Sound Speed atau kecepatan suara:

Ao =+ Ye Rc gc Ty
ag = \/1,4 x 53,35954 x 32,174 x 516,87
ap, = 1.114,58517ft/sec

4) Menghitung Absolute velocity:
Vo= TAS=(—=x 2% x 0,98 x IAS) + IAS

Vo= (ool x 2% x 0,98 x 135) + 135

Vo= 157,491knot

Vo=157,491NM /hr

Vo=157,491x 1,852 km/hr
Vo=291,673 km/hr

Vo=81,02 m/sec

Vo= 81,02x 3,2808 = 265,7887 ft/sec

5) Menghitung Ratio Temperature Ram:



6)

7)

8)

9)

Vc_l

T, =1+ 5 M?
dimana:
My =Vy/ay
2057887 _ ),238464Mach

0™ 1114558517

)

1 2
Ty = 1+————0,238464

7, = 1,01137

Menghitung Ram Pressure Ratio:

T[T — TTYC/ (YC_l)

m, = 1,01137%% (14=1) = 104037

Menghitung Inlet Pressure Ratio:
Ta = Mamax X Nr
Dimana:
n,= 1 untuk M, <1
7, = 1—0,0075(M, — 1)*3> untuk My, > 1
Ty =097x1=0,97
Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

Cpt X Tey
RO
pctO0
_0276x1.74267 .
=T 024x51687

Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = nc()’c_l)/ (Ve €c)

7, = 7(14-1/ (14x090) _ 1 85475



10) Menghitung Compressor Efficiency:

ﬂC(Yc_l)/Yc -1

. . — 1
7(1,4—1)/1,4 _ 1
_ — 0,87001
Me = 185475 — 1

11) Menghitung Fuel/Air Ratio:
_ T2~ TrTc
L ohonl CoeTo) =1
3,87732 — 1,01137 x 1,85475
~ 0,99 x 18.400/(0,24 x 516,87) — 3,87732

=0,014

12) Menghitung High Temperature Turbine:
_ Tr(Tc - 1)

Nmu (1 + )1
_, _ 101137 (1,85475 — 1)
Tt = 27 0.99(1 + 0,014)3,87732

TtH:]'

=0,7779

13) Menghitung Turbine High Temperature Ratio:

_ Vt/ve-Deeq
Tty = TtH

1,3
Ty = 0,777903-1085 = 0,29439

14) Menghitung Turbine Low Temperature Ratio:

—1/ety
« _ Ltm A
Teri = - +
Dimana

— -1
= (nrﬂdncﬂbﬂn)(n e

dan

P lmes

(MpropNgNm1)?

maka:




m = (1,04037 x 0,97 x 7 x 0,96 x 0,99)(L3-1/13 = 1 55181

dan

[1,4 - 1] [ 0,2384642
2 1|(3,87732%0,7779)
(0,83x 0,99 x 0,99)2

A= =3,77x 1073

Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati
0,0001.
0,7779~1/089

Y = —————+377x 10732 = 0,85828
feLi 1,55181
—1/ety 1 —1/ety _—1/e¢r
tH —(1-ee)/eeL — €L Ty TiLi 2
= . + AL+
Terx - Teri ( el - )

0,7779~1/089

= 0,85828(1/091)/091
foLx 155181 +

1-0,910,777971/9%9x 0,8582871/09%

3,77x 1073(1 +

0,91 1,55181
o’ —1/etn _—1/ee

Ty —(1—e¢n)/etL 1-— et Try T, ,

Texx = T +A( + )
o & th €L T
0,7779-1/0.89
= 2 (,872088-(1/091)/091

feLax 155181 +

_ 1-0,910,7779°1/08% (,872088~1/091
3,77x 1073(1 + )

0,91 1,55181
Teee = 0,87071
e —1/ery _—1/er
_ TtH —(1-erp)/e 1—eyt.y 0
Teixex = = Triax T 4 AL + o - X2
0,7779_1/0'89
Ttrxxx = WO,87071—(1/0,91)/0,91 +

1-0,910,77797%/%89 0,870717 /0%
0,91 1,55181

3,77x 1073(1 +

Terxxx = 0,87084



Terxex — Terxx = 0,87084 — 0,87071 = 0,00013 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,87084

15) Menghitung Turbine Low Pressure Ratio:

Y ¢t

—1le
Ty =T Ye—leL

tL
1,3

my = 0,87084(1,3-1091 = 0,51761

16) Menghitung Ratio Total Pressure dan Overall Pressure:

Pio
Py

0

Piy
PO

T M Ty T Ty

P
% = 1,04037x 0,97 x 7 x 0,96 x 0,29439 x 0,51761x 0,99

= 1,023

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

Vo _ |20aTenTu 1 (Ptg)_(”f‘l)/yt
ap + Ye—1 [ Py ]
dimana:
Pro Ye + 1\'/0e-D
Py ( 2 )
Maka:
P 1,3 + 1\ 3/as-n
P ( ) = 1,83242

Py 2
P L 1,83242

o Py ,
> =5 "= "33 = L79117
Py Po 1,023

Py

Sehingga:
Vo  |2x3,87732x0,7779 x 0,87084
a [1 — (1,83242)-(13-1/13]
Qo 1,4—1



Vy
— = 1,30882
Qg

18) Menghitung Koefisien Kerja Output Propeller:
Corop = NMpropNgNmi(1 + 137y (1 — 1¢,)
Cprop = 0,83x 0,99 x 0,99(1 + 0,014) 3,87732 x 0,7779(1 — 0,87084)
Cprop = 0,32134

19) Menghitung Koefisien Kerja Compressor Core:

Ty 1 Py
Vs ReTy ~ Py
Co=We—DM[A+f)——My+ (A +f)—-2——2
c (Vc ) O[( f)ao 0 ( f)Rcﬁ Vc
ap
dimana:
Tio
T___ T,
Ty Pry (Yt—l)/yt
Py
dan
Tio _ Ti4
T_o = T_OTtHTtL
Teo _ 174267 ) 9% 0,87084 = 2,28401
T, _ 51687 1 %" -
Maka:
Ty _ 2,28401 _
T, = as=n, = 19861
(1,83242) 13
Sehingga:

C.=(1,4-1)0,238464(1 + 0,014)1,30882 — 0,238464

49,56281 1,9861 1-1,79117
53,35954 1,30882 1,4

+(1+0,014)

C, = 0,0268

20) Menghitung koefisien kerja output pada engine core total:



Crot = Cprop + C¢
Cror = 0,32134 + 0,0268
Ctot = 0,34‘814‘

21) Menghitung Thrust and Mass Flow Ratio:
F _ CtothcTO

r.nO VO
F 034814 x 0,24 x 516,87
m, 265,7887

F
— = 213,381 Ibf /(Ibm/sec)
my

22) Menghitung Specific Fuel Consumption:
__I
E g
~ 0,014 x 3600
213,381

S

= 0,23619 (Ibm/hr) /Ibf

23) Menghitung Specific Power:

W—C CpcT
r'no_ tot~pct0

W
— =0,34814x 0,24 x 516,87
my

W
— = 43,18632 hp/(lbm/sec)
0

24) Menghitung Efficiency Thermal, Propulsive, Overall

0,34814

1T = 3.014x 18.400
0.276x 516,87

=16,8%

0,34814

np =

(0,32134) " (1,4 -1

S5 > )x (1+0,014)x [(1,30882)2 — 0,2384642]



nP = 48,1%

n0 = 16,8% x 48,1% = 8,1%

16. Perhitungan performance setelah TBO Extension (5.600 hours) pada
ketinggian 9.500 ft berdasarkan data Aircraft Flight Log (AFL). Tabel 1.17

merupakan parameter input engine TBO extension 5.600 hours.

Tabel 1.17 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 515,07 °R
Tty 1.744,67 °R

Perhitungan:

1) Menghitung konstanta gas di kompresor:

Yy, — 1
Rc= CVc Cpc
Ro=t1 404
cT 1,4 ’

R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf /lbm.°R
R. = 53,35954 ft.lbf /lbm.°R

2) Menghitung konstanta gas di turbine:

Ye—1
R, = Ve Cpt
R, = 1’13;10,276 = 0,63692 BTU/Ibm.°R

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

3) Menghitung Sound Speed atau kecepatan suara:

Ao =/ Ve R. 9. Ty



ay =+/1,4x 53,35954 x 32,174 x 515,07
ag = 1.112,6427ft/sec

4) Menghitung Absolute velocity:
Vo= TAS=(--——x 2% x 0,98 x IAS) + IAS

Vo= (Z252x 2% x 0,98 x 132) + 132

Vo= 156,578knot

Vo= 156,578NM /hr

Vo= 156,578x 1,852 km/hr

Vo= 289,982 km/hr

Vo=80,551 m/sec

Vo= 80,551x 3,2808 = 264,2485 ft/sec

5) Menghitung Ratio Temperature Ram:

-1
Ty = 1+ VCTMg
dimana:
My =Vy/ay
) = 222485 _ 5 237496Mach
1.112,6427
1,4—-1

=1+ 70,2374962
7, =1,01128

6) Menghitung Ram Pressure Ratio:
T[_r — T—rYC/ (YC_l)

mw, = 1,01128%% (14=1) = 1, 04004

7) Menghitung Inlet Pressure Ratio:



8)

9)

Ta = Mamax X Nr
Dimana:

ny=1untuk My <1

Ny =1—0,0075(M, — 1)3% untuk M, > 1
g =097x1=097

Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

Cpe X Ty
=TT
pct0
_ 0276x174467 o .,
= T024x51507

Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = nc()’c_l)/ (Yc &)

7, = 714D/ (14x090) — 1 85475

10) Menghitung Compressor Efficiency:

n-c()/c_l)/)/c -1

e = .—1
7(14-1)/14 _ |
_ = 0,87001
Me = 7185475 — 1

11) Menghitung Fuel/Air Ratio:

_ T — TrTc
S o honl CocTo) — 12
3,89534 — 1,01128 x 1,85475
= 0,99 x 18.400/(0,24 x 515,07) — 3,89534

=0,01408

12) Menghitung High Temperature Turbine:

Ty (Tc - 1)

Tp=1-——t
tH an(1+f)TA



L0185 -1
T = 270 99(1 + 0,01408)3,89534

13) Menghitung Turbine High Temperature Ratio:

_ YYlre-Dewn)
Ty = TtH

1,3
0,77897(1,3-1)0,89 = 0,29636

Tty

14) Menghitung Turbine Low Temperature Ratio:

,l._l/etH
* __ tH
Dimana

— -1
= (nrndncnbnn)(yt ) ve

dan

] [(Tzl Tey)
(npmpngnmL)

maka:

m = (1,04004 x 0,97 x 7 x 0,96 x 0,99)(L3-1/13 = 1 55169

dan
Lt =1) [ 0,2374967
(3,89534 x 0,77897) L
A= = 3,72x 10
(0,83 0,99 x 0,99)? *

Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati
0,0001.
0,77897~1/089

Tig = Tecieo T 3,72x 1073 = 0,85698
—1/ety —1/ety —1/eeL
LtH —(1-eeL)/etL 1—eq 1y TeLi 2
= ; + A(1 +
TeLx - Tiri ( ” - )
-1/0,89
Terx = 0,77897 0,85698_(1/0'91)/0'91 +

1,55169



1-0,910,778971/08% 0,85698~1/0.91 .

3,72x 1073(1 +

0,91 1,55169
T = 0,870886
—1/etH _1/etH —1/etL
_ Tn —(1-ee)/ 1—ey 1y T,
Ttrxx = - Tirx CeL)/etL + A(l + o - X )2
0,77897~1/0.89
Toxx = ~{te1e9 0,870886~(1/091)/091 4
3725 10-3(1 4 L= 091 0.7789771/%%x 0,870886~ /% |,
T 0,91 155169 )

TtLxx = 0,8694‘9

Tt (1-ew)/ 1— ey 1,/ cH T e

14 —(1-ecL)/etr ¢ thxx <2

= A(l

TtLxxx T TiLxx + ( + o — )
0,77897-1/089

Ttrxxx = 1E5169 0,86949_(1/0'91)/0'91 +
372% 10-3(1 + 1—0,910,778971/08% 0 86949~1/091 ,

72 g 1,55169

Tepoee = 0,86963
Tepoer — Tiiee = 0,86963 — 0,86949 = 0,00014 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;;;) sebesar 0,86963

15) Menghitung Turbine Low Pressure Ratio:

Y t
— Yi—leg
Te, = tL

1,3
ey, = 0,86963(1,3-1)091 = (0,514419

16) Menghitung Ratio Total Pressure dan Overall Pressure:

P

P SN cMp Ty e Ty
0

P
PL‘) =1,04004x 0,97 x 7 x 0,96 x 0,29636 x 0,514419x 0,99
0



Pt9
— =1,02273
Po

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

Vo 2T) Ty Ty, Py ~re=b/me
b e

Qo Ye — 1 P_9
dimana:
Py Ve + 1\"/0e-D
?Z_( 2 )
Maka:
Py (1,34 1\ ¥as-n
— = ) = 1,83242

P, 2
P, fo 1,83242

0 Pg )
—==—=—r-—=1,79169
P, Po 1,02273

Py

Sehingga:
Vo |2x 3,89534 x 0,77897 x 0,86963 1 — (1,83242)-(3-1/13
a, 1,4 —1 [ ’ ]
Vo
—=1,31184
Qo

18) Menghitung Koefisien Kerja Output Propeller:
Cprop = 77proprlg77mL(1 + f)TATtH(l - TtL)
Cprop = 0,83x 0,99 x 0,99(1 + 0,01408) 3,89534 x 0,77897(1 — 0,86963)

P
C = 0,32633

prop

19) Menghitung Koefisien Kerja Compressor Core:

To Py
Vs RTy ~ Py
Co=Ge—DM[(1+f)—= =My + (1 + f) =% —
c (yc ) 0[( +f)a0 0+( +f)Rcﬁ Ve
Qo

dimana:



Ty

L Th
TO Ptg (Yt_l) /]/1;
Py
dan
Tto . Ty
T_o = T_OTtHTtL
Teo _ 1.744,67 0,77897x 0,86963 = 2,29457
T, _ 515,07 X -
Maka:
Ty 2,29457
== =y = 1,99528
0 (1,83242) 13
Sehingga:

C.=(1,4-1)0,237496(1 + 0,01408)1,31184 — 0,237496

49,56281 1,99528 1-1,79169
53,35954 1,31184 1,4

+ (1 + 0,01408)

C. = 0,02685

20) Menghitung koefisien kerja output pada engine core total:
Crot = Cprop + C¢
Cror = 0,32633 + 0,02685
Cor = 0,35318

21) Menghitung Thrust and Mass Flow Ratio:
F _ CtothcTO

Ll Vo
F  0,35318x 0,24 x 515,07
m, 264,2485

F
= 216,9764 Ibf /(Ibm/sec)
0

22) Menghitung Specific Fuel Consumption:



_ f
- F

/ting
_0,01408 x 3600
216,976

S

= 0,23358 (Ibm/hr)/Ibf

23) Menghitung Specific Power:

W
— = Ctot CchO
mq

W
— =0,35318 x 0,24 x 515,07
my

%
== 43,65917 hp/(lbm/sec)
0

24) Menghitung Efficiency Thermal, Propulsive, Overall

0,35318

_ oo
T = 501408 x 18.400 — 10:2%
0.276x 515,07
p 0,35318
nP = _
(0'3())286333) + (1'42 1) x (1+0,01408)x [(1,31184)% — 0,237496%]
nP = 48,3%

n0 = 16,9% x 48,3% = 8,2%

17. Perhitungan performance setelah TBO Extension (5.600 hours) pada
ketinggian 10.500 ft berdasarkan data Aircraft Flight Log (AFL. Tabel 1.18
merupakan parameter input engine TBO extension 5.600 hours.

Tabel 1.18 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 513,27 °R
Tts 1.744,67 °R




Perhitungan:

1)

2)

3)

4)

Menghitung konstanta gas di kompresor:

Y. — 1
Rc: CVC Cpc
o=ttt o4
cT 14 ’

R. = 0,06857 BTU/lbm.°R
R, = 0,06857 x 778,16 ft.lbf /lbm.°R
R. = 53,35954 ft.lbf/lbm.°R

Menghitung konstanta gas di turbine:

ve—1

Ve

_13-1
13

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

Menghitung Sound Speed atau kecepatan suara:

Ao = +/Ye Rc gc T
ag = \/1,4 x 53,35954 x 32,174 x 513,27
ap, = 1.110,69684 ft/sec

Rt: C

pt

R;

0,276 = 0,63692 BTU/Ibm.°R

Menghitung Absolute velocity:
Vo= TAS=(———x 2% x 0,98 x IAS) + IAS

10500
1000

Vo= 156,754 knot

Vo= 156,754 NM /hr

Vo= 156,754 x 1,852 km/hr

Vo= 290,308 km/hr

Vo=80,641 m/sec

Vo= 80,641x 3,2808 = 264,5449 ft/sec

Vo= ( x 2% x 0,98 x 130) + 130



5) Menghitung Ratio Temperature Ram:

-1
7, =1+ )/C—Mg
2
dimana:
My =Vy/ay
264548 _ 0,238179Mach

0 ™ 1.110,69684

)

1 2
Ty = 1+————0,238179

7, = 1,01135

6) Menghitung Ram Pressure Ratio:

T[T — TTYC/ (YC_l)

m, = 1,01135%% (14-1) = 104028

7) Menghitung Inlet Pressure Ratio:

Tqg = Mamax X Nr
Dimana:

n-=luntuk M, <1

7y = 1—0,0075(M, — 1)*3> untuk M, > 1
Ty =097x1=0,97

8) Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

Cpt X Ty
o
pct0
_ 02762174467 _
=T 024x51327

9) Menghitung temperature ratio di ruang bakar dengan ambient

temperature pada ketinggian terbang :



T, = ﬂc(yc_l)/ (Ve &c)

7, = 7(14~1D/ (14x090) — 1 85475

10) Menghitung Compressor Efficiency:

nc()’c_l)/)’c -1

Ne = T, —1
7(1,4—1)/1,4 _

Me="Tgsqrs—1 _ 087001

11) Menghitung Fuel/Air Ratio:
_ T~ Tl
- Nohpr/(CpcTo) — T2
3,909 — 1,01135 x 1,85475

= = 0,014123
0,99 x 18.400/(0,24 x 513,27) — 3,909
12) Menghitung High Temperature Turbine:
Tow =1 — Tr(Tc - 1)
H an(l + f)T)L
1,01135 (1,85475 —1)
=0,77973

=1—
ter 0,99(1 + 0,014123)3,909

13) Menghitung Turbine High Temperature Ratio:

_ Yt/lre-veen,
Tty = TtH

1,3
ey = 0,7797313-1089 = (,29778

14) Menghitung Turbine Low Temperature Ratio:

—1/ety
%

T

Teni = +A
Dimana

— -1
= (ﬂrndncnbnn)(n ) ve



dan

_ 2
e

(MpropNgNme)?

maka:
m = (1,04028 x 0,97 x 7 x 0,96 x 0,99)(13-D/13 = 1 55178

dan

[1,4 — 1] [ 0,2381792
2 (3,909 x 0,77973)

=3,72x 1073
(0,83x 0,99 x 0,99)2 x

A=

Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati
0,0001.
_0,7797371/089

i = 3,72x 1072 = 0,856
TeLi 155178 /4%
—1/ety —1/ety _—1/e¢r
T —(1- 1—eyt T,
TeLx = —tHT[ TtL(i ecr)/etL + A(l + o tH — tLi )2
0,77973~1/089
= 0,856~(1/0,91)/0,91
TeLx 155178 +

1-10,910,7797371/08% 0,856-1/0°1 ,

3,72x 1073(1 +

0,91 1,55178
T = 0,869986
—1/etH _1/etH _1/etL
1—eq7 T
tH —(1-ecL)/etL tL Tey L 5
= + A1+
TtLxx T Tirx ( o — )
0,77973‘1/0'89
Ttrxx = 155178 0,869986‘(1/0'91)/0:91 +
372 10-3(1 + 1 —0,910,77973~1/98% 0, 869986~ 1/091 ,
72100 1 1,55178 )
Tiixx = 0,86859
1/ —-1/e -1/e
Teirx = el " &S;BtL)/etL +A(1 + 1- €L Ty " tLxx " )2

T €L T



0,7797371/0.89

TtLxxx = 155178 0,86859_(1/0,91)/0,91 +

1-0,910,7797371/08% (86859 ~1/0.91 ,
0,91 1,55178

3,72x 1073(1 +

TtLxxx = 0,86872
Terxxx — Teixx = 0,86872 — 0,86859 = 0,00013 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;;;) sebesar 0,86872

15) Menghitung Turbine Low Pressure Ratio:

Y ¢t
— Ye—letL
e = Ty,

1,3
my, = 0,86872(1,3-1)091 = 0,51164

16) Menghitung Ratio Total Pressure dan Overall Pressure:

P

P =TT cTTpTeyTTe Ty
0

P

PL‘) =1,04028x 0,97 x 7 x 0,96 x 0,29778 x 0,51164x 0,99
0

Pro

— =1,02278
Po

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

E_ \/ZTATtHTtL [1 _ (Ptg)—()’t—l)/)’t]

Qo Ye—1 P_9
dimana:

Pg (Vt + 1)““”‘”

Py 2

Maka:

P (1,3 + 1)1'3/0.3—1)

- = 1,83242
P, 2



P

P, P, 183242

—==2=—"""—=1,79159
Py Po  1,02278 >
Py
Sehingga:
Vo 2x3,909x0,779733 x 0,86872
R 1-(1 242 -(1,3-1)/1,3
Vs
— =1,3141
Qo

18) Menghitung Koefisien Kerja Output Propeller:
Cprop = npropngnmL(l + Ot (1 —141)

Cprop = 0,83x 0,99 x 0,99(1 + 0,014123) 3,909 x 0,77973(1 — 0,86872)
Cprop = 0,33009

19) Menghitung Koefisien Kerja Compressor Core:

V. R 1R
9 t 1o 9
C.= - IM,[QA+f ) —— M+ (1 +f)——F ———
c (Vc ) O[( f)ao 0 ( f)Rcﬁ Ve
Qg
dimana:
Tio
I _ To
Ty Pry (Yt—l)/yt
Py
dan
To Tu

=TT
Ty Ty

Tty _ 1.744,67 0,77973x 0,86872 = 2,30248
T, 513,27 x5 -
Maka;
Ty _ 2,30248 200216
T_o - (1,3—1/ -4

(1,83242) 13

Sehingga:



C.=(1,4—-1)0,238179(1 + 0,014123)1,3141 — 0,238179

49,56281 2,00216 1-1,79159

+(1+0,014123) 53,35954 1,31184 1,4

C. = 0,02696

20) Menghitung koefisien kerja output pada engine core total:
Ciot = Cprop + C
Cror = 0,33009 + 0,02696
C,or = 0,35705

21) Menghitung Thrust and Mass Flow Ratio:
F _ CtothcTO

I’i’lo VO
F 0,35705 x 0,24 x 513,27
m, 264,5449

F
= 218,34377 Ibf /(Ibm/sec)
0

22) Menghitung Specific Fuel Consumption:
__I
E g
_0,014123 x 3600
218,34377

S

= 0,23285 (Ibm/hr) /Ibf

23) Menghitung Specific Power:

W—C CpcT
r'no_ tot“pct0

W
— =0,35705x 0,24 x 513,27
my

w
= 43,98358 hp/(lbm/sec)
0



24) Menghitung Efficiency Thermal, Propulsive, Overall

0,35705

~0,014123 x 18.400
0,276x 513,27

nT = 16,9%

0,35705
)x (1+0,014123)x [(1,341)% — 0,2381792]

nP =

(0'?(’),380309) (1,42— 1

nP = 48,5%

n0 = 16,9% x 48,5% = 8,2%

18. Perhitungan performance setelah TBO Extension (5.600 hours) pada
ketinggian 11.500 ft berdasarkan data Aircraft Flight Log (AFL). Tabel 1.19
merupakan parameter input engine TBO extension 5.600 hours.

Tabel 1.19 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 506,07 °R
Tty 1733,67 °R

Perhitungan:

1) Menghitung konstanta gas di kompresor:

Y. — 1
Rc: CVC Cpc
o=t o4
€T 14 ’

R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf/Ibm.°R
R. = 53,35954 ft.lbf /lbm.°R

2) Menghitung konstanta gas di turbine:

ve—1
Ve

Cpt

Rt:



3)

4)

5)

6)

R, =*=-0,276 = 0,63692 BTU/Ibm. R

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

Menghitung Sound Speed atau kecepatan suara:

Ao = +/Vc R. 9. Ty

ay = +/1,4x 53,35954 x 32,174 x 506,07
a, = 1.102,87907ft/sec

Menghitung Absolute velocity:
Vo= TAS=(—-—x 2% x 0,98 x IAS) + IAS

11500
1000

Vo= ( x 2% x 0,98 x 132) + 132
Vo= 161,757knot

Vo= 161,757NM /hr

Vo=161,757x 1,852 km/hr

Vo= 299,566 km/hr

Vo=83,213 m/sec

Vo= 83,213x 3,2808 = 272,9811 ft/sec

Menghitung Ratio Temperature Ram:

Vc_l

2 Mo

,=1+

dimana:

My =Vy/ay
272,9811

o = =222 _ 0,247517Mach
1.102,87907

)

1 2
=1+ 70,247517

7, = 1,01225

Menghitung Ram Pressure Ratio:



7)

8)

9)

T[T‘ — TrYC/ (YC_l)

m, = 1,01225%* (14=1) = 1014355

Menghitung Inlet Pressure Ratio:
Mg = Tamax X Nr
Dimana:
n,=1untuk M, <1
7y = 1—0,0075(M, — 1)3> untuk M, > 1
Ty =097x1=0,97

Menghitung entalphy ratio di ruang bakar dengan ambient temperature
pada ketinggian terbang:

Cpt X Tta
o
pclo
_0276x173367 _ .
YT T 024x506,07

Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = n'c()/c_l)/ (Ve &c)

7, = 7(14-1/ (142090) — 1 85475

10) Menghitung Compressor Efficiency:

n-c()/c_l)/)/c -1

nC = TC _ 1
7(1,4——1)/1,4— _
- = 0,87001
Me = 185475 — 1

11) Menghitung Fuel/Air Ratio:

_ A~ Trle
S o henl CocTo) — 12
3,93961 — 1,01225 x 1,85475
= 0,99 x 18.400/(0,24 x 506,07) — 3,93961

=0,0141204



12) Menghitung High Temperature Turbine:
Tr(Tc - 1)
an(l + f)TA
1,01225 (1,85475—1)

—1— = 078125
ten 0,99(1 + 0,0141204)3,93961

TtH=1_

13) Menghitung Turbine High Temperature Ratio:

_ Yt/lre-veen,
Ten = Tey

1,3
ey = 0,7812513-1089 = (,30061

14) Menghitung Turbine Low Temperature Ratio:

—-1/etn

tH
Teni = +A
[

Dimana
— -1
= (ﬂrndncnb nn) e=D/ e

dan

] [(Tzl Ten)
(T]proprlgnmL)
maka:
m = (1,014355 x 0,97 x 7 x 0,96 x 0,99)(13-1/13 = 1 5529

dan

] [ 0,2475172
(3,93961 x 0,78125)

(0,83x 0,99 x 0,99)2

14—1

= 3,98x 1073

Selanjutnya nilai 7;;,; dilakukan iterasi sampai nilainya mendekati
0,0001.

. 0,7812571/089 I
T = —{gg59 — T 398x 1077 =0,85378




—1/ety —1/ery _—1/erL
Tt —(1-e¢L)/etL 1—ey Tty TtLi 2
Tipy = — T,y + A1+
tLx T tLi ( etL T )
0,78125-1/0.89

= 0,85378~(1/0,91)/091 4
Fex 15529

_ 1-—0,910,7812571/08% 0 85378~1/091
3,98x 1073(1 + ,

0,91 1,5529
—-1/ety “1/eqy _—1/eq
T -(1- 1—egt T
Tthx = tH TtL(J:‘ etL)/etL + A(l + tL ‘tH tLx )2
etL T
0,7812571/0.89
Ttrxx = 15529 0,868009~(1/091)/091 4
3 98 10—3 1 + 1 - 0)91 0178125_1/0’89x 0,868009_1/0’91 2
PBATET 01 1,5529 )
Terxex = 0,86658
_1/6‘“.1 _1/etH —1/etL
Ten —(1—-ewL)/etL 1—ey 1.y Tiiex <2
= +A(1+
TtLxxx T Tthx ( o - )
0,7812571/0.89
TeLxxx = 15579 0,86658~(1/091)/091 4

1-— 0,91 0'78125_1/0'8936' 0,86658_1/0’91 ,
0,91 1,5529

3,98x 1073(1 +

Teiey = 0,86673
Tiraex — Teixx = 0,86673 — 0,86658 = 0,00015 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,86673

15) Menghitung Turbine Low Pressure Ratio:

Yy t
Yt—1legp
tL

T, = T

1,3
my, = 0,866731W3-D091 = 050605

16) Menghitung Ratio Total Pressure dan Overall Pressure:



Pro

P SN cpTTg e Ty
0

P
% = 1,014355x 0,97 x 7 x 0,96 x 0,30061 x 0,50605x 0,99
0

P

— = 1,02444
Py

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

Yo = \/M [1- (Ptg)_(“_l)/yt]

Qo Vc_l P9

dimana:

P (Vt + 1)Vt/(Yt—1)

P, \ 2
Maka:
Py (1,34 1\ ¥as-n
— = ) = 1,83242
P, 2
P, % 1,83242

0 9 )
— =—===———=1,78869
Py Po  1,02444

Py

Sehingga:

[1— (1,83242)~(13-1/13]

14-1

A B \/2 x 3,93961 x 0,78125 x 0,86673
Qo

Vo
— =1,319
Qo

18) Menghitung Koefisien Kerja Output Propeller:
Corop = NpropNgNmi (1 + T7en (1 — 741)
Cprop = 0,83x 0,99 x 0,99(1 + 0,0141204) 3,93961 x 0,78125(1
—0,86673)

C = 0,3284

prop



19) Menghitung Koefisien Kerja Compressor Core:

T, | _P
Vo R: T, Py
C, = (y. — DM,[(1 My +(1 —+t0___°9
e = 0= DML+ )2 = Mo+ (1 + N5t - —
ao
dimana:
Tio

Ty _ T,
T. -1
RO

Py
dan
Tto  Tia
T_o = T_OTtHTtL
Tt = 1733'670 78125x 0,86673 = 2,31967
T, _ 506,07 x5 -~
Maka:
To _ 231967 oo
T_o - (1,3—1/ - 4

(1,83242) 13

Sehingga:

C. = (1,4 —1)0,247517(1 + 0,0141204)1,319 — 0,247517

49,56281 2,01711 1-1,78869
53,35954 1,319 1,4

+ (1 + 0,0141204)

C, = 0,02758

20) Menghitung koefisien kerja output pada engine core total:
Ctot = Cprop + C¢
Cror = 0,3284 + 0,02758
Cor = 0,36598

21) Menghitung Thrust and Mass Flow Ratio:
F — CtothcTO

M, Vo
F 0,36598 x 0,24 x 506,07
mh, 272,9811




F
—= 213,84414 Ibf /(Ibm/sec)
0

22) Menghitung Specific Fuel Consumption:
_ I
E g
_0,0141204 x 3600
213,84414

S

= 0,23771 (lbm/hr) /Ibf

23) Menghitung Specific Power:

Y
m_o = CtothcTO

W
— = 0,36598 x 0,24 x 506,07
mg

w
= 44,45087 hp/(lbm/sec)
0

24) Menghitung Efficiency Thermal, Propulsive, Overall

. 0,36598 710
M = 5.014355 x 18.400 ~ /1%
0,276x 506,07
p 0,36598
nP = _
(0’03 224) + (1’42 1) x (1 +0,014355)x [(1,319)2 — 0,2475172]
nP = 48,9%

n0 = 17,1% x 48,9% = 8,4%

19. Perhitungan performance setelah TBO Extension (5.600 hours) pada
ketinggian 12.500 ft berdasarkan data Aircraft Flight Log (AFL). Tabel 1.20

merupakan parameter input engine TBO extension 5.600 hours.

Tabel 1.20 Parameter Input Engine TBO 3600 hours



Parameter Input Satuan

To 504,27 R

Tta 1733,67 R

Perhitungan:
1) Menghitung konstanta gas di kompresor:

Vc_l

Re = Ye Coe
o= t1 o0,
€T 14 ’

R. = 0,06857 BTU/lbm.°R
R, = 0,06857 x 778,16 ft.lbf /lbm.°R
R, = 53,35954 ft.lbf/lbm.°R
2) Menghitung konstanta gas di turbine:
Ye—1

R, = C.
‘ Ve pt

_13-1
13

R, 0,276 = 0,63692 BTU/Ibm.°R

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

3) Menghitung Sound Speed atau kecepatan suara:

Ao = +/Ye Rc gc T
ag = \/1,4 x 53,35954 x 32,174 x 504,27
ap = 1.100,91595 ft/sec

4) Menghitung Absolute velocity:
Vo= TAS=(—-——x 2% x 0,98 x IAS) + IAS

12500
1000

Vo= (

x 2% x 0,98 x127) + 127
Vo= 158,115knot

Vo= 158,115NM /hr

Vo= 158,115x 1,852 km/hr



5)

6)

7)

8)

Vo= 292,829 km/hr
Vo=81,341 m/sec
Vo= 81,341x 3,2808 = 266,8418 ft/sec

Menghitung Ratio Temperature Ram:

-1
T, =1+ )/C—Mg

2
dimana:
My =Vy/ao
M, = 2222418 — 0 242382Mach

1.100,91595
1,4—-1

T,,=1+ 70,2423822
7, = 1,01175

Menghitung Ram Pressure Ratio:

T[T — TTYC/ (YC_l)

m, = 1,01175%% (14-1) = 1 04173

Menghitung Inlet Pressure Ratio:
Ta = Mamax X Nr
Dimana:
n,= 1 untuk M, <1
7, = 1—0,0075(M, — 1)*3> untuk My, > 1
Ty =097x1=0,97

Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

Cpt X Tt‘l-
ET T,
pct0
0,276 x1733,67
T = = 3,95368

0,24 x 504,27



9) Menghitung temperature ratio di
temperature pada ketinggian terbang :

T, = ﬂc(yc_l)/ (Ve &c)

1, = 70141/ (14x090) — 1 85475

10) Menghitung Compressor Efficiency:

ﬂC(Yc_l)/Yc -1

Ne =

T.—1
7(1,4—1)/1,4 _ 1
Me=Tgsars 1~ 8700

11) Menghitung Fuel/Air Ratio:
_ T2~ TrTc
UthR/(Ccho) — T2

ruang bakar

3,95368 — 1,01175 x 1,85475

~ 0,99 x 18.400/(0,24 x 504,27) — 3,95368

12) Menghitung High Temperature Turbine:

_ Tr(Tc - 1)
an(l + f)TA
1,01175 (1,85475 — 1)

TtH:]'

=1-
ter 0,99(1+ 0,014173)3,95368

= 0,78215

13) Menghitung Turbine High Temperature Ratio:

_ Vt/ve-veeq
Tty = TtH

1,3
0,782151,3-1)0,89 = 0,30229

Tty

14) Menghitung Turbine Low Temperature Ratio:

—1/e
T /etn

tH
T:Li = —+A4
s

Dimana

dengan ambient

=0,014173



= -1
= (T[rn'dn-cn-bn-n)(h ) ve

dan

] [(Txl Ten)
(nPTOp NgNms)?

maka:

m = (1,04173 x 0,97 x 7 x 0,96 x 0,99)(L3-D/13 = 1 55228
dan

] [ 0,2423822
(3,95368 x 0,78215)

(0,83x 0,99 x 0,99)2

141

=3,8x 1073

Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati
0,0001.
0,7821571/0:89

T:Li = 155228 + 318x 10_3 = 0,85298
—1/etn (1—esy)/ l—e,T -1/ery _—1/esr
= -4 —ea)fe tH tLi
T = T R AQE
-1/0,89
Tiy = 0,7?25155228 0,85298~(1/0.91)/091 4
3 8x 10-3(1 + 1—0,910,78215"1/089 0,85298~1/0.91 ,
S0+ g5 1,55228
T = 0,867117
e —1/ety _—1/erL
T -(1- 1—eqyT T
Ttrxx = tH—’l'tL(xl erL)/etL + A(1+ tL *tH tLx )2
T etL /4

0,78215-1/089

= 0,867117~(1/091)/0,91 4
Tthx 1,55228

1—0,910,78215"1/08% 0 867117~1/091 ,

1073(1
SB107(H 0,91 1,55228

Terxx = 0,86569



—1/ety —1/ery _—1/erL

1—eyt
_ YtH —(1-esr)/ o T .
Tereex = = TtLxx CLIIEL A1 + o - XX 2
0,7821571/0.89
TeLxxx — 155278 0,86569_(1/0'91)/0'91 +
- 1—0,910,7821571/089 0,86569~1/091
3,8x 1073(1 + 5

0,91 1,55228
Teieex = 0,86583

Tirxex — Teixx = 0,86583 — 0,86569 = 0,00013 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,86583

15) Menghitung Turbine Low Pressure Ratio:

Y t
— Yi—leg
Te, = TtL
1,3

Ty, = 0,86583(13-1)091 = (,50357

16) Menghitung Ratio Total Pressure dan Overall Pressure:

Pq

P_ =TGN MpTegTe Ty
0

P

Pﬁ = 1,04173x 0,97 x 7 x 0,96 x 0,30229 x 0,50357x 0,99
0

P

2 —1,02324

Py

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

E= \/ZTATtHTtL [1 _ (Ptg)—()’t—l)/)’t]

Qo Ye—1 P_9
dimana:

Pro (Vt + 1)““”‘”

Py 2

Maka:

P (1,3 + 1)1'3/0.3—1)

- = 1,83242
P, 2



P

P, P, 183242

D=2 = T = 1,79062
P, P 102324 7908
Py
Sehingga:
Vo  [2x3,95368x 0,78215 x 0,86583
2= [1— (1,83242)-(13-D/13]
ag 1,4-1
Vo
2 =1,32143
Qo

18) Menghitung Koefisien Kerja Output Propeller:

Cprop = npropngnmL(l + Ot (1 —141)
Cprop = 0,83x 0,99 x 0,99(1 + 0,014173) 3,95368 x 0,78215(1
- 0,86583)

Cprop = 0,3423

19) Menghitung Koefisien Kerja Compressor Core:

Ty, | _Py
Ve RT, 7P
C.= (v. — DM,[(1 2 M, +(1 _t.o____ 9
= (e = DM, [( +f)aO o+ ( +f)RC£ "
ao
dimana:
Tio

L__ T,
TO (h)()/t_l)/yt

P9
dan
Tto _ T4
T_o = T_OTtHTtL
Tro _ 1733’670 78215x 0,86583 = 2,32822
Ty _ 504,27 X -
Maka:
Ty 2,32822 Y og45a
T_o - (13-1), =20

(1,83242) 13



Sehingga:
C.=(1,4—-1)0,242382(1 + 0,014173)1,32143 — 0,242382

49,56281 2,02454 1-1,79062
53,35954 1,32143 1,4

+(1+0,014173)

C.=0,02741

20) Menghitung koefisien kerja output pada engine core total:
Crot = Cprop + C¢
Cror = 0,3423 + 0,02741
Cror = 0,36971

21) Menghitung Thrust and Mass Flow Ratio:
F — CtothcTO

Ll Vo
F0,36971x 0,24 x 504,27
m, 266,8418

F
= 220,20857 Ibf /(Ibm/sec)
0

22) Menghitung Specific Fuel Consumption:
__I
E g
_0,014173 x 3600
220,20857

S

= 0,23169 (Ibm/hr) /Ibf

23) Menghitung Specific Power:

W—C CpcT
r'no_ tot“pct0

W
— =0,36971 x 0,24 x 504,27
my

w
= 44,74437 hp/(lbm/sec)
0



24) Menghitung Efficiency Thermal, Propulsive, Overall

0,36971

= — 0,
T = 5014173 x 18.400 — 1727
0,276x 504,27
p 0,36971
np = —
(0’3333) + (1’42 1) x (1+0,014173)x [(1,32143)2 — 0,2423822]
nP = 49%

n0 = 17,2% x 49% = 8,4%

20. Perhitungan performance setelah TBO Extension (5.600 hours) pada
ketinggian 13.500 ft berdasarkan data Aircraft Flight Log (AFL). Tabel 1.21

merupakan parameter input engine TBO extension 5.600 hours.

Tabel 1.21 Parameter Input Engine TBO 3600 hours

Parameter Input Satuan
To 502,47 °R
Tty 1733,67 °R

Perhitungan:

1) Menghitung konstanta gas di kompresor:

Y. — 1
Rc= CYC Cpc
o=t o4
€T 14 ’

R. = 0,06857 BTU/lbm.°R
R. = 0,06857 x 778,16 ft.lbf /lbm.°R
R. = 53,35954 ft.lbf/lbm.°R

2) Menghitung konstanta gas di turbine:



3)

4)

5)

ve—1
R, = C
t Ve pt

;10,276 = 0,63692 BTU/Ibm.°R

1,3
1,

R, = 0,63692 x 778,16 ft.lbf/bm.°R
R, = 49,56281 ft.lbf/bm.°R

Rt=

Menghitung Sound Speed atau kecepatan suara:

Ao = +/Yc R. 9. Ty

ay = +/1,4x 53,35954 x 32,174 x 502,47
a, = 1.098,94932ft/sec

Menghitung Absolute velocity:
Vo= TAS=(———x 2% x 0,98 x IAS) + IAS

13500
1000

Vo= 158,072knot

Vo= 158,072NM /hr

Vo= 158,072x 1,852 km/hr

Vo= 292,755 km/hr

Vo=82,321 m/sec

Vo= 81,321x 3,2808 = 266,7742 ft/sec

Vo=

x 2% x 0,98 x 125) + 125

Menghitung Ratio Temperature Ram:

Vc_l
2

T, =1+ M3

dimana:

My =Vy/ay

266,7742

0 = —22_ — 0,242754Mach
1.098,94932

)

1 2
Ty = 1+————10,242754

7, =1,01179



6)

7)

8)

9)

Menghitung Ram Pressure Ratio:

T[T — TrYC/ (YC_l)

m, = 1,01179%* (14=1) = 1,04186

Menghitung Inlet Pressure Ratio:
Mg = Tamax X Nr
Dimana:
n,=1untuk M, <1
Ny =1—0,0075(M, — 1)*35 untuk M, > 1
Ty =097x1=0,97

Menghitung entalphy ratio di ruang bakar dengan ambient temperature

pada ketinggian terbang:

Cpe X Ty
D=7
pct0
_0276x173367 _
YT T 024x50247

Menghitung temperature ratio di ruang bakar dengan ambient
temperature pada ketinggian terbang :

T, = nc()’c_l)/ (Ye &c)

7, = 7(14-1/ (1L42090) — 1 85475

10) Menghitung Compressor Efficiency:

n-c()/c_l)/)/c -1

Ne = T, — 1
7(1,4—1)/1,4 _ 1
_ = 0,87001
Me = 7185475 — 1

11) Menghitung Fuel/Air Ratio:

= Ty — T, T,
UthR/(Ccho) — T3




3,96692 —1,01179 x 1,85475

= = 0,014211
0,99 x 18.400/(0,24 x 502,47) — 3,96692
12) Menghitung High Temperature Turbine:
Tow=1— Tr(Tc - 1)
t an(l + f)TA
1,01179 (1,85475 — 1)
= 0,78288

=1-
ttH 0,99(1 + 0,014211)3,96692

13) Menghitung Turbine High Temperature Ratio:

_ Yt/lre-veen
Tty = TtH

1,3
Ty = 0,78288(13-1089 = (,30367

14) Menghitung Turbine Low Temperature Ratio:

—1/ety
« _ btg A
Ty = — —— +
Dimana

— -1
= (ﬂrndncnbnn)(n ) ve

dan

P lEs

(nprop 779 77mL)2

maka:
m = (1,04186 x 0,97 x 7 x 0,96 x 0,99)(13-D/13 = 1 55232

dan

[1,4 — 1] [ 0,242754%
2 (3,96692 x 0,78288)

A=
(0,83x 0,99 x 0,99)2

=3,8x 1073

Selanjutnya nilai 7;;; dilakukan iterasi sampai nilainya mendekati
0,0001.

. _ 0,7828871/089 s
T = ~{gsg3y T 38x107° = 085193




_1/61;1.1 _1/6”-[ —l/etL
TtH —(1—etL)/etL 1 - etL TtH TtLi )
= 7 Tui + A1+
Ttrx T TtLl ( o - )
0,78288~1/089
Ttrx = 155232 0,85193_(1/0.91)/0.91 +
3 8x10-3(1 + 1—0,910,78288-1/08% 0,85193~1/091 ,
o ( 0,91 1,55232
_1/81;1.1 _1/etH —1/etL
T -(1- 1—egt T
Tthx = tH TtL(J:‘ etL)/etL + A(l + tL ‘tH tLx )2
etL T
0,78288~1/089
= . 0’866277—(1/0,91)/0,91
Feloxx 1,55232 +
38x 10-3(1 N 1-091 0:78288_1/0'89)( 0,866277_1/0‘91 ,
- ( 0,91 1,55232
Terxx = 0,86484
—-1/ety “1/esy _—1/eq
Ten —(1-e¢p)/erL 1—ey 1.y Teiwx - o
= +A(1+
TtLxxx T Tthx ( o - )
0,78288~1/089
Ttrxxx — 155232 0,86484_(1/0'91)/0'91 +
1— 0,91 0,78288—1/0.89x 0,86484_1/0’91 ,
3,8x 1073(1 +

0,91 1,55232
Teiene = 0,86498
Tiraex — Teixx = 0,86498 — 0,86484 = 0,00014 telah terpenuhi iterasi.

Sehingga nilai Turbine Low Temperature Ratio (z;,;) sebesar 0,86498

15) Menghitung Turbine Low Pressure Ratio:

Yy t
Yt—1legp
tL

T, = T

1,3
m,, = 0,86498(L3-D091 = (50123

16) Menghitung Ratio Total Pressure dan Overall Pressure:



Pro

P SN cpTTg e Ty

0

P

% = 1,04186x 0,97 x 7 x 0,96 x 0,30367 x 0,50123x 0,99
0

Py

— =1,02334

Py

17) Menghitung rasio kecepatan aliran udara di nozzle dan Sound Speed:

Yo = \/M [1- (Ptg)_(“_l)/yt]

Qo Vc_l P9

dimana:

P (Vt + 1)Vt/(Yt—1)

Py \ 2
Maka:
Py (1,34 1\ ¥as-n
— = ) = 1,83242

P, 2
P % 1,83242

0 9 §
—====———=1,79063
Py  Po  1,02334

Py

Sehingga:
Vo 2 x 3,96692 x 0,78288 x 0,86498
— = 1—(1,83242)-(13-1)/13
” \/ 14-1 [1-( ) ]
Vo
— =1,32361
Qo

18) Menghitung Koefisien Kerja Output Propeller:
Corop = npropngnmL(l + Ot (1 —141)
Cpmp = 0,83x 0,99 x 0,99(1 + 0,014211) 3,96692 x 0,78288(1
—0,86498)

C = 0,34595

prop



19) Menghitung Koefisien Kerja Compressor Core:

T, | _P
Vs ReTy, ~ P
C, = (y. — DM,[(1 My +(1 —+t0___°9
e = 0= DML+ )2 = Mo+ (1 + N5t - —
Qo
dimana:
Ty

Ty T,
T. Ge—1)
RO

Py
dan
Tto  Tia
T_o = T_OTtHTtL
Teo = 1733'670 78288x 0,86498 = 2,33591
To 502,47 x5 - o
Maka:
To_ 233591 0.,
T_o - (1,3—1)/ - 4

(1,83242) 13

Sehingga:

C.=(1,4-1)0,242754(1 + 0,014211)1,32361 — 0,242754

49,56281 2,03122 1-1,79063
53,35954 1,32361 1,4

+ (1+0,014211)

C, = 0,0275

20) Menghitung koefisien kerja output pada engine core total:
Crot = Cprop + C¢
Cror = 0,34595 + 0,0275
Cror = 0,37345

21) Menghitung Thrust and Mass Flow Ratio:
F — CtothcTO

me Vo
F 0,37345x 0,24 x 502,47
mh, 266,7742




F
= 221,69895 Ibf /(lbm/sec)
0

22) Menghitung Specific Fuel Consumption:
_ I
E g
~0,014211 x 3600
221,69895

S

= 0,23077 (Ibm/hr)/Ibf

23) Menghitung Specific Power:

Y
m_O = CtothcTO

W
— =0,37345x 0,24 x 502,47
mg

w
= 45,0358 hp/(lbm/sec)
0

24) Menghitung Efficiency Thermal, Propulsive, Overall

. 0,37345 1790
T = 5,014211 x 18.400 ~ /2%
0,276x 502,47
, 0,37345
nP = —
(0%485395) + (1'42 1) x (1 +0,014211)x [(1,32361)2 — 0,2427542]
nP = 49,1%

n0 = 17,2% x 49,1% = 8,4%






