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Abstract

For a preliminary study on a thrust-throttleable Variable Flow Ducted Rocket, a gas generator and flow
control valve were developed, and ground combustion tests were performed. The gas generator and flow
control valve operated at the required performance level for parameters, such as heat-resistance,
combustion-time, pressure, and temperature. The combustion characteristics of a fuel-rich solid propellant
mixed with Boron/MgAl/AP, etc., were also analyzed. A Plunger-type flow control valve was designed to
control the discharge flow area, and it was confirmed that the flow control valve was able to control the
combustion gas flow rate and pressure. However, due to the reduction of the discharge flow area caused by
adhesion of combustion products, the combustion pressure continuously increased. The analysis of the pressure
increase is covered in Part 2 of this paper.
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Fig. 1 Gas Generator Configuration

Table 1 Gas Generator Specifications

Component Item Value
Combustion c Lesgth 300 mm
Chamber ombustion
Chamber Inner 180 mm
Assembly )
. Diameter
(Front Cover, -
Combusti Combustion
ombustion Chamber Outer 210 mm
Chamber, Rear .
c ) Diameter
over Material SCM440
Combusti
oS 19n Thickness 1.5 mm
Chamber Liner
Combustion Thickness 85 mm
Chamber
Material EPDM
Insulator
Rear Cover
Material Glass/Phenolic
Insulator
Rupture Di Heat-resist
upture Disc eat-resistence 180 K
Assembly Temperature
Body Material SM45C
Rupture Disc
i I ]
lefture kIilsc Material nconel600
SSEmbY Insulator Material | Carbon/Phenolic
Bursting Pressure 3,000 psia
Seal Type O-ring
Sealing Part
Material FKM

Pyrotechnic type
507100 psia

Ignition Type

Ignitor Ignition Pressure

Ignition Delay 100 ms or less
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Fig. 2 Plunger Type Flow Control System[7]
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Fig. 3 Gas Generator Valve Pipe Configuration
(Fixed Orifice Valve Pipe)

Table 2 Flow Control Valve Specifications

Gas Gas
C ¢ It Generator Generator
omponen em
P Valve Control
Pipe Valve
Length 182 mm
Inner
. . 30 mm
Discharge Diameter
: Out
Pipe : e 50 mm
Diameter
Material SCM440
Rear I
etar mer 14 mm
Rear Diameter
: Out
Discharge o 30 mm
Pipe Insulator | Diameter
Material TZM
Front
E Inner 12 mm
) ront Diameter
Discharge Outer “
: mm
Pipe Insulator Diamter
Material TZM
Orifice Material TZM -
Length - 85 mm
Outer
- 14.23
Plunger Diameter mm
Material - TZM
Inner
- 14.3
Plur?ger Diameter m
Guide Material - SCM440
O-ring Material FKM
Thickness - 3 mm
Plunger Inner 11495
Pressure Seal | Diameter - 40 mm
Gasket . Graphite
Material -
o (HK-6)
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Fig. 5 Gas Generator Control Valve Configuration
(Plunger-type Flow Control Valve)
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7y A7 o] FRAAE HEZ(Boron), MgAl, A
2 4 EF(AP; Ammonium perchlorate) 2.2 &3t
=] DA FZAA el WE= 1.566 g/ccoltl. FXA 1
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&% GG-009 AA8] Aag 42 Eq. 33 Zth

rlin/s] = 0.00517P"%%" [psi] (1)
rlin/s] = 0.0106 P**%? [psi] )
rlin/s] = 0.0289 P* % [psi] (3)

11.0 mm, 11.5 mm, 12.0 mm(&ANE) e A 7}x
EE SRS Ze 1Ay F324GA7 H89
b=k 7o dis] Eq. 1, 29 #AAS o]&3te] 1t

(Chemical Equilibrium wit
of ALk 1,307 m/sE LR, dAid
99.9%= 7F4siditt. Ugt= dlAS F3 24 AlA

el Aad hE, dad

Qa2 Aol ZAag] wet AAnH st o] ey
S gosk 4= gk F4 11.5 mmet 11.0 mmolA e
& Aol 12.0 mmet 11.5 mme 42 AsHT)
A2 olfre ohA AFIAT FXIA AL iAo u}
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Table 3 Internal Ballistics Analysis Results
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