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A study on Solid Fuel for Hybrid Rocket with Using 3D Printer
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Abstract: Hybrid rockets are not very practical. Because of the fuel regression rate is low, and sufficient thrust cannot be obtained.
Measures to improve this situation include the addition of materials with high combustion heat and oxidizers to the solid fuel, as well
as a swirling flow. In this study, a 3D printer was used to create a solid fuel with a star swirl shape and a star swirl shape with the tip
shaved 3 mm. Combustion tests were conducted using these solid fuels, and the fuel regression rate was calculated. The results showed
that in the case of 225 degrees, the star shape with the tip shaved 3 mm had a larger fuel regression rate than the star shape. In addition,
as a result of an experiment to visualize the flame, it was possible to photograph the flame swirling, proving that the combustion gas

was swirling,
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Figure 1. Star-shaped cross section
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Figure 2. Grain Shape of Model (Unit: mm)
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Table 1. Properties of Solid Fuel for Experiment

No.l No.2 No3 No4 Nob5

Rotation Angle [* ] 0 225 0 225 360
Infill [%] 80 90
Volume [cm3] 111 111 109 109 109
Mass [g] 107 108 108 107 115
Density [g/cm?] 096 097 098 098 1.05

Internal Surface Area [cm?] 6555 66.98 87.50 91.19 94.3

3. FEBRAE

FEEREEE OEGX & Figure 3 1o~d. LA
RURIRTE 2 2, KRR ITEERBER L& 1T
9 BB L ORBERBR IR IR BE N AR N IE SR & R —
PO T 2 BRI TRE L TWD . FAEEIT=
7 LA T A B — R LT, FAHETEE
KTHKAL v F 2 LTBREICo@ET 5. BBk
AR EIIMARE IS Lz E T~ A7 n—ar ko
— 7 CHIE 5. BREEEIRBEE O TSR E ST
WABENE Y — (P3, P4) (2L EHHITD

——pc]

®) ()
N ) A

Igniter |

Figure 3. Schematic Diagram of Combustion Test

4. FEERER M OEL
FERO DO B ARPREHZ 31T 2 Rk IR % Figure

4, [LEROBREMZIRIHEE 4 Figure 512777, Figure 4 X
v, 225°12FB T, 3 mm Hll o 72 RIEO 5 D3 EEZ IR
HENRENZ ERbND. Fiz, Figures L0, £H
O OEERAFEIZIBWT S 3 mm Hl - 72 BIFEO B ER
E0 b IR OBEMZIBEENRENZ b, 1%
HIo 7285 B MU B RZ TV D 2 Ebnd. 2
NWHOHHE L TEEHEAEZ DT Z &Ik, &
DARFAEL, KRPPEIRmIESW -2 &, Joli
ZHIS72Z & T, BEAIDN b E T < Zro Tz
ZENREBERZOBND.

WIZFEBRQDFER % Figure 6 (2R T. Zublid/ A
BRI L DE A —F—T 3 B AT T
LG ZE V-7 b0 Th D, BEETIXIERY
DL, AIUER TX oo oy, BB - TkR
DEHEEL TWOEE 22D Z LN TE .

680

HAKFIETFER

FiiFESTIRE

— 1.6 I . -
2 =#No.1 *No.2
g 1.2 | +No0.3 «No.4
5 08 | R
E [ |
; 04 | -8
5 0 | ’
2 -
Tj -04 | '7_7"—*”—.
= .08 : !
0 25 50 75 100

Location from upstream L [mm]

Figure 4. Local fuel regression rate at each solid fuel
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Figure 5. Local fuel regression rate in the head-end region

Figure 6. The turning of the flame
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