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UtahState .
UNIVERSITY Example Incompresslble Incompressible

Injector Properties 2

Injector Calculation

Injector Geometry Model

Py P _ .
‘L:lini‘lini D=10.5 cm p2 - IOOOkPa
p| la o i
. 1 — 2000  d=0125cm
FLANGETAPS Py kPa

~o

Gamma, Ox
B =p A :
0, 2 g 1.4

Initial Chamber Pressure Guess Downstream of Injector
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Massflow Calculation

Injector Geometry Model

P]_ 1000 = 26.2577
D=0.5 cm — — 2000 3
: 8314.4612
— 1000 pmc R T (20 + 273.15) kg/m
p2 kPa g 1 32
- _ e Assume Initial Cv=1
p, = 2000 d=0.125 cm
1 kPa r_ 21 = 8.91052
'0.125 -
( ) | 4 0.5 g/sec

| | (2-26.2577 (2000 - 1000) 1000) 1000
' 10000 |

. Cd-A, \/2-,0-(191—192): \
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UtahState & AlErEEEEEE

UNIVERSITY Calculate GOX enchaering

Vl S C O S lty Southerland’s Law for GOX VISCOSITY
Injector Geometry Model mud), Nt-sec/m”2" (Cs. dcg K T0, deg K
D=0.5 cm (2.018E-5 1127 1292.25

p, =1000

' 312
A 2000 d=0.125 cm 'L[(T ) — u & TS + CS )
pl — kP 0 s =
‘ I T, +C.
_5 (20 +273.15,%/% 292.zs| c1z7 | = 202299e05
201810~ | ) o
292.25 20 + 273.15 + 127
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UNIVERSITY Calculate In]]' ector Inlet
Flow Reynolds Number

Injector Geometry Model — Calculate Reynolds number

D=0.5 cm m
P, = IOOOkPa i D,
D Ty
. pl.Vl.Dl A1 4 1 4.-m _
il . = = = =
P, = ZOOOkPa d=0.125 cm ; Hy M Hy m-D -y
8.91051 = 112163
4
1000
0.5 _5
nm— 2.02299 -10
100 4
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Dy

=112163

MechGnicCallCdre oS pac: e
=r ‘lqll'lPPl‘il'lq

Calculate Injector Incompressible
Discharge Coefficient

Flange Tap:(D,d ——>inches)

4 8 4 4 4
P, P, Ci= 0.598+0.468-[1] 1+10~(1) : 1—(1] + 0.87+8.1-(1j . 1_[1] t_
L1in”1ini D D D D D) R,
»
( 0125, 4 ( (0125811 ( 0.125-N%* [ oazs N (( o1zs N g 108 = 0.601346
10.598 + 0.468 | —— | [1+101 [— ) (1111 -=—=1 1 +losm+srll—" [1111-1 | |
D Id \0598 A8 0.5 ) L] 10“ 0.5 ) JJHl \ 0.5 ) ) koaﬂ S]LL 0.5 ) )HL1 \ 05 ~ J112163)
I |
FLANGETAPS D 4 Ci
10);906.;;501‘11 d=0.125 cm — Calculate C i— B=,|1-| =+ | =C i= v =
‘ " =0.0492126 in D, p \*
1—| =2
0.601346 D
=0.60251 1
i 4+ 0.5
| - 0.125+ |
- 1— 11
| |
. o5 )
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[terate Injector Incompressible
Discharge Coefficient

ASME
. . CV, CD FINAL
Re - 112163 Return to Slide 2 with New value for Cv; VALUES
by
Py P2 . (Cdi)j+1 _(Cdi)j
| 1in, 1in J Iterate Until <E 0.602115
>4 1
— g — (c,i),
p| |
il fl Cv, Cd Iteration Values, Incompressible
FLANGETAPS 9] 0
D=10.5 cm
d=0.125 cm

0.19685 in 0493126 i 0602115 (4§ 0602115 _
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Now Correct for Compressibility

~ _r N ; 1.4 4+ 1 1.4+],,' 1.4
2 y+1 y+1 r-1 4 y+1 y+1 r-1 | ‘ ) 4 '1.4 -
B R LA B Y E A A e I R
Po= 2 2 _ 2 ) = | 0.125 |
A1 ; ; Dl % % L "4 |
[2} .(pl)Y—(pz)Y [DZ) -(pl) —(Pz) | {ﬂ | 20002” 1 _ 10002” 14 E
- - - - 0257 /
=2001.83 kPa 0. _ Py _ 1000 0499543
(R B 200183
~ v
£ 1000 (2
T - —0.499543 < r*=|———| =0.528282
P 2001.83 Y+,
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Example Compressible
Injector Calculation

Subcritical Flow: P > L
o) v+l
s
£
1 1

=K, -C, AR p,

2l

;

INMechanic3ledrenosSpace)

Engineering

Supercritical Flow:
v

£i<
P

0

2F e
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2 ~y—1 LH
2 ~ x o 2 7=
K = 2 = | = vl —
v—1 v+1
1 1Y 1y
P A | P | [2'1/*”] 1= 2| 7
C, = ! 1 0 1 . l
d 1 + K2 R K2 - K?
2'f'7‘* n n n
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Now Correct for Compressibility

Supercritical Flow

D B
¥ P
pe = 1990 490543 < pr = |2 |7 —0.528282
P 2001.83 v+1
1 1 _ 1 | = 0.283805
/= (C ) B 2 0.603295 2
d )i 2(Cd) | 2 (0.603295)
- - 1 (. 1.4 + 1 \ 0.5 = (0.684731
27y *% *77_1 2 Pl 2 \14-1
K, = " I=r R 141 ) |
V v Y+ L 14+ )
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Correct for Compressibility )

7 2 2
1 1 1 »
% % % %
A ) | A A ) | A 2.r*7 | |1— f
I £ d £
C,= nEiL 2 M 2 - 2 -
- K* K* K*
2-f-r
. . . Py . . 2 . 0.5
| ( (0.528282 - 0.499543) 1714) ([ [ (0.528282 - 0.499543) ) 1/1.4 /1.4 (1 -0.499543) |
1+ | 0.528282 =+
Lo LU

2
- 4.0.283804 (0.528282 )

|
2 |
0.684731 /

I 4
| |0.528282 |
l | J

|
2 | | 2
0.684731 / ! 0.6847312

1/1.4
2-0.283804 (0.528282 )

=(0.74834

This value goes into your Hybrid Compressible Simulation

10
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Incompressible

H202

Nitrous Oxide

Air

Ammonia, NH3
Carbon Dioxide, CO
Carbon Monoxide. CO
Hydrogen, H2
Nitrogen, N2

Oxygen, 02

A Sulfer Dioxide, SO2

Injector Properties 2

Gas select

- N W AsAE O N W

o

"'ty

Stagnation
Interation Values

Orifice Properties

|1.9635E-5

Fluid Properties Iteration Values

26.2577

Choked flow?

Iteration Parameters

rmm OmEm

ASME = IHepospac e
CV. CD FINAL Engineering
VALUES

Cv, Cd Iteration Values, Incompressible

0.601343 0.602117 0.602115 |8 140.602115 |

0.602521 |88 1§ 0.603297 B I 0.603295 |I 1§ 0.603295 |

0.397479 0.0012881¢€ 3.69922E-6 1.06266E-8

259827 — Flow Calculations Compressibility Corrected Output Values
26.2577 _0.748339 I:BEIE
0.00033934'
2.02299E-5 Lo
Intermediate Compressible Terms
P, Boolean CURRENT This value
Pi P, P, ITERATION
-1 .
N | tin, 1in ) E goes into your
S . Hybrid
D: 2 -,ge D: 2 Compressible

CORNERTAPS FLANGETAPS
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snvERsITYHybrid Ballistic Equations for C Ible Ox1di
yorid Ballistic Equations for Compressible Oxidizer
A*
Ainj AC\
GOX .
[ e, S \ ....................................................
P()C’T(')c’f)/c’Rgc \
B)inj’%inj’ryox’Rox
e ! T
YVortl
Yox 2 Vpel . B,
P,. . o K = . =(K -C,-A) - inj
Supercritical :[ ;’"’ }2(7/‘”‘;1)% 1 ' \/yox (7’0x+1 = i, = (K, -, )’"’ R, Ty,
0, _ -
e p ) - P ) - Y P
) Pl r— 0 o r— 0 e 2-r7 | | 1- 0 f
— Injector Choked —>r, = 1 k., Ouy g,
o, 1 C,= — |91+ > =\[1+ > - >
Intermediate Compressible Terms 5. f-rT” K, K, K,
= -
Chamber Pressure :
. ¥+l
c ‘ - c ‘ c c " R T
Jox .
O

Regression :

. 0047 CIJC .(Toc - Tﬁ,wlm,f) mox * /.lc "
Frut = s | h ' A ' f
P fiel (Pr) el ‘
(K, C,-A), i
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