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ABSTRACT

This study aims to provide basic design data for a pintle injector and its combustion device
through case study on the research and development of combustion devices to which a
liquid-liquid pintle injector was applied. From data analysis, it was possible to provide the initial
dimension of the combustion chamber and pintle injector based on the engine thrust, and the
geometric characteristics of the high-efficiency injector. In addition, the pintle tip heat damage
prevention mechanism and materials, face-shutoff pintle injector implementation method, and
central propellant selection criteria were summarized. Theses results will be used as basic data

for the design criteria of an initial pintle injector combustion device.
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Fig. 1 Pintle injector schematic.
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3.1.1 LMDE(TR-200)
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Fig. 2 Redrawing of LMDE head end details[18, 19].
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Table 1. Spec. of LMDE and Pintle Injector[11,19,20].

Parameters Value
Propellants”™ N>O4/A-50
Thrust(T) 0.5~4.8 tonf
Isp(vac.) 311 sec
Charc. vel. effcy.(nC) 98%
Total mass flow rate(m,) 16.4 kg/s
Mixture ratio(OFR) 1.6
Chamber pressure(P.) 7.6 bara
Film Cooling%" no data
Chamber Dia.(D.) 360 mm
Characteristic Length(L*)" 121.2 cm

Contraction ratio(CR) 29:1

Throat Dia.(Dy) 211 mm
Pintle Dia.(Dy)’ 56 mm
D./D, 6.5
n1/1no[27] 36/36
Oxi. mass ratio(m,: m,)[27] 89:11
Blockage Factor[27] 50
Skip Ratio(Ls)’ 0.25

* Calculated value from the knowns

** ‘Fuel for film cooling is injected through 36 equally
spaced fuel orifices on the face plate and directed
onto the chamber walls.’[19]

*** See the Table 9 for propellant propeties.
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Table 2. Spec. of 250K Engine.

Parameters Value
Propellants LOX/UDMH
Thrust(T) 113 tonf
Isp(sl.) 164~226 sec
Charc. vel. effcy.(nC)”~ 93%
Total mass flow rate(m,) 391~521 kg/s
Mixture ratio(OFR) 1.7~3.0
Chamber pressure(P.) 28~23 bara

Film Cooling% N/A

Chamber Dia.(D.) 990 mm
Characteristic Length(L*)’ 196/267/330 cm
Contraction ratio(CR) 22/21/22 :1
Area ratio(Ac/ Ay Q4iv) 4, 15°/20°/15°
Throat Dia.(Dy) 660 mm
Pintle Dia.(Dy)’ 330 mm
D./D, 3

Skip Ratio(Ls)" 0.07

* Calculated value from the knowns
** Maximum value with O1B+F2+DEV-1A
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Table 3. 250K Engine Injector dimensions.

Areas(1%/2")
76.8/9.29 cm?
84.5/9.29 cm?
84.5/11.2 cm?
81.4/8.77 cm?®
82.5/8.00 cm®

Oxi. # Description
1 36/36, B.F.=50%
1A 36/36, B.F.=60%
1B 36/36, B.F.=60%
48/48, B.F.=67%
36/36, B.F.=67%
36/36, B.F.=62%

4 | ) 85.7/9.35 cm’®
lower 2" location

Fuel. # Description annulus area
1 gap = 6.2484 mm 64.84 cm’
2 gap = 51054 mm | 51.94 cm®

& 14 221912 ol SIA42 Oxi 45 A1)
WlFe wa A 3
Gow, Aa we wEe Awe Jeiod
(Fig. 6).
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Fig. 4 2" orifice effect on OFR sensitivity.

90

Percent ISP
o
8

© 02+F2+DEV-1
75 0 02+F2+DEV-1A

© 02+F2+DEV-1(Low Pc, Poinj)

22 23 24 25 26 2.7 28 29 3.0 31 32
OFR

Fig. 5 L effect on OFR sensitivity and Isp
efficiency.
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Fig. 6 Oxi. 3 & Oxi. 4 Isp efficiency characteristics
with of ratio.
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Table 4. Spec. of 3K(FLOX/LCHs+LCoHs) Engine.

Parameters Value
FLOX/

Propellants

LCH4+LC,He
Thrust(T) 1.4 tonf
Isp(sl.) no data
Charc. vel. effcy.(nC)” 98%
Total mass flow rate(m,) 4~6 kg/s
Mixture ratio(OFR) 5.35~6.08
Chamber pressure(P.) 5.6~11.3 bara
Film Cooling% -
Chamber Dia.(D.) 234 mm

. 38.1/76.2/114.3/
Characteristic Length(L*)
1524 cm

Contraction ratio(CR) 25/45 :1
Area ratio(Ac/Ay, Qiv) 1.85 (15°)
Throat Dia.(Dy) 147/109 mm
Pintle Dia.(D;)’ 50.8 mm
D./D, 4.6
Skip Ratio(Ls)" 0.4

* Calculated value from the knowns
** With normal(under bar) configurations.
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Fig. 8 3K 2-rows rectangular pintle orifices.
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Table 5. 3K Engine SS Injector dimensions.

Inj. # | Holes | Dim.(wxh, mm) | B.F.(eff.*)
0.889 x 2.819

S5-4 | 36/36 40.7(17.5)
0.406 x 0.914
0.914 x 2.819

S5-6 | 36/36 44.7
0.432 x 1.067
0.946 x 2.794

SS-7 | 36/36 441
0.406 x 1.041
0.889 x 2.845

55-8 | 36/36 46.4
0.406 x 1.148
0.914 x 2.261

559 | 45/45 50.9(22)
0.381 x 0.889
0.940 x 1.676

55-10 | 60/60 64.0(17)
0.254 x 0.762
0.635 x 2.057

SS-11 | 72/72 63.0
0.254 x 0.762
0.914 x 2.819

S5-12 | 36/36 44.7
0.559 x 1.067

* effective B.F.

Fig. 9 Cold test results of 3K engine on OFR and
mass distribution  uniformity(SS—4, 6,

clockwise from top-left)[28].
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Fig. 10 Axial heat flux profiles for 3K enginel28].

Fig. 11 TRW 3K Engine(Pintle injector & Chamber).
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3.1.4 3K AIZEI(NO/NoHA)[29]

N,Oy/NoH S W& &3] AHg 79 A
T 2 AAaMAAE, 283 WEA A4 FHEA
< B@rkskyl 91 AE EA] AX(Fig. 11,
Table 6)0.2 21304 A% 2¢ IE 2y
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d 287X, 37HA Bl tiE)] ARAEES
RS- =4

Phase I[IE& AXH HFHO=E 2d AE ¥

Table 6. Spec. of 3KIN:O#/N2Hs) Engine.

Parameters Value
Propellants N>Os/N,Hy
Thrust(T) 1.4 tonf
Isp(sl.)” 226.3 sec
Charc. vel. effcy.(nC)” 93.2%
Total mass flow rate(m,) 458 kg/s
Mixture ratio(OFR) 1.2(0.92~1.53)
Chamber pressure(P.) 20.7 bara
Film Cooling?% -
Chamber Dia.(D.) 1524 mm
Characteristic Length(L*) 89/127 cm
Contraction ratio(CR) 49
Area ratio(Ac/Ay Q4iv) 3.5 (15°)
Throat Dia.(Dy) 72/76 mm
Pintle Dia.(Dy)’ 38.1 mm
D./D, 4
Skip Ratio(Ls)’ 0.78

* Calculated value from the knowns
** Maximum value

Zoss P, = 300 psia, AP, = 150 psi

0 26(25% OPEN)
0.75 0 28(35% OPEN)

% OPEN = SLOT WIDTH/UNIT WIDTH & 2E(40% OPEN)

05 10 15 2.0 25 3.0
AP/ AP

Fig. 12 B.F. effect on C+ with pressure drop ratio.
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(Fig. 13, 14).

3.1.5 TR-106(650K)[30-32]

TR-106> Au]¢ AE AZ(LCPE) 71d o]
|5 Ao g M 27| AE FFe 13
Hlolm, olFd /NEE 164Kt 40K F4 4

R

1.00

0.75 © 2G(APo=150 PSI)

9 2H(AP0=200 PSI)

0.8 0.9 1.0 11 12 13 14 15 16 17 18
OFR

Fig. 13 Oxi. pressure difference effect on C+ with
OFR

0.95 St It
0.90 R
%0.85
2
0.80

°
075 2G(APo=150 PS|)

B 2H(APo=200 PSI)
0.70
0.4 06 08 1.0 12 14 16 18 20
™R

Fig. 14 Oxi. pressure difference effect on C+ with
TMR.
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Table 7. Spec. of TR-106(650K) Engine.
Parameters Value
Propellants LOX/LH,
Thrust(T) 293 tonf
Isp(sl.) no data
Charc. vel. effcy.(nC)’ 95.7%
Total mass flow rate(m,) 4,334 kg/s
Mixture ratio(OFR) 6.25(5.4~7.33)
Chamber pressure(P.) 41.4 bara
Film Cooling% 43~133%
Chamber Dia.(Dc)* 1,270 mm
Characteristic Length(L*)" 110 cm
Contraction ratio(CR)" 48
Area ratio(Ac/Ay Q4iv) 3 (20°)
Throat Dia.(Dy)’ 576.6 mm
Pintle Dia.(Dy)’ 416.6 mm
D./D; 3
Skip Ratio(Ls)" 0.64

* Calculated value from the knowns

100 percent open Fully close:

Fig. 15 TR-106 throttleable pintle injector[32].
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3.1.6 25K & 40K[37]

71Z&] AEE 50K, 13K QS 7wto g
25K e} 40K 7ol AL=HAT A=fe= T
I FASHA HEA 7 HEH 2HRIE A &
S A3 3, 25K, 40K BF T I EAF

Table 8. Spec. of 25K & 40K Engine.

Parameters Value
Propellants LOX/RP-1
Thrust(T)” 11 & 14 tonf
Isp(sl.) no data
Charc. vel. effcy.(nC) 98 & 96%
Total mass flow rate(m,) |47.6 & 72.6 kg/s
Mixture ratio(OFR) 24 & 2.25
Chamber pressure(P.) 17.2 & 26.5 bara
Film Cooling% ™ 0/4/6/9%
Chamber Dia.(D.) 462 mm
Characteristic Length(L*)" 249 cm
Contraction ratio(CR) 3.6
Area ratio(A./ A, day) 4 (229
Throat Dia.(Dy) 576.6 mm
Pintle Dia.(Dy)’ 137.5 mm
D./D; 3.36
Skip Ratio(Ls)’ 0.75

* Calculated value from the knowns
** At 25K & 40K configuration
*** 40K only. no film cooling for 25K

Goppar Heat
sk Chambar

Masaig

Fig. 16 25K & 40K LOX/RP-1 Enginel371.
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3.4 SpaceX
34.1 Merlin Engine
Merlin 1712 TRWS] AE A 71&E vi&
o2 20068 F/NE Merlin 1AFE 1D++7}A
< /M@ LMDE ol % 7 A3A ¥
2§ AR Atz HrpEa glon,
A A INEA gL Ak 1D+ o+
Fae A4 AH 480 mm,

OXIDIZER FUEL

4 66

OUDIZER N\ 19 0

CONTROL &

SHUT-O0FF 2 8
)

36
40

30—

14 |

32

————
PINTLE GAP CONTROL

Fig. 17 Control valve embedded pintle injector[39].

Fig. 18 TR-202 Enginel41, 42].
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Fig. 21 TRW Engine Thrust .vs. Chamber Diameter.
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Fig. 22 TRW Engine Thrust .vs. Pintle Diameter.
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Fig. 24 Contraction ratio relationships [24] and Pintle
injector engines.
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