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Rheological Properties of Bimodal Al /HTPB Suspensions

MATSUMOTO Kotaro"!, HABU Hiroto

Abstract: The purpose of this study was the enhancement of propulsion performance of solid propellants by increment of that density.
The increase in Aluminum (Al) content causes to increase the propulsion performance. However, the increments of solid content increase
the viscosity and decrease rheological properties of propellant slurry. In this study, the improvements of rtheology of solid propellant slurry
were considered by using bimodal Al particles. The viscosities of Hydroxyl-terminated Polybutadiene (HTPB) prepolymer and AI/HTPB
suspensions were measured by viscometer and compared the relative viscosities of AI/HTPB suspensions. The experimental measurements
showed that the optimum coarse fraction of Al 0.75 was found and the viscosity of AI/HTPB was decreased with increasing Al diameter
ratio (1).
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TEHDZ LT, HHEERT ) OMELIRTIELIENARELE R D.

RLE AT D SWEALIZBEI 9 A HF4E L L C, Farris)X° Chang 5 2k » T, BAZRROR T2HAE5 2 LT, ERIBHEO
IRBIRE MR T2 Z &Rl s TWD. — 5T, BEHEEED LA o o —ICBT 28198 ICon Tk, #HEtESEo 2
7253 HTPB /3A &2 AVHTPB O¥EEE IR 272 EMN B R v b T4 TROMEIMEOFHME AT TN B, ALK 7%
S L7278 I XIT L A E720.

PlbEXY, RFFETIE, #HEERZ T U OREKEEZ B E LT, ALK 0O IE{kIic L5 AVHTPB OR5 R FIZ o0
THERICEET 5.

2020 4F 11 J 30 H5zf) (Received November 30, 2020)
ORARK AR T M LR
(Department of Mechanical Engineering, College of Industrial Technology, Nihon University)
2 LA PR S TR RO TR TR
(Department of Space Flight Systems, Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency)

This document is provided by JAXA.



BT ENITE R AN 2 IR TE R 27

=

2. R R A &

Al KiF ZIEAKIT & 2R AR R 2 5K 2 72, HTPB BKK TN Al KiF &R G L7 AVHTPB DR 4 BRIV RO 7.
ALRIAZIIRFE PIRR DN B D 4 FRORIBRI -2 AWZ(EE 1 ). £, F 1 KSR ORE %23, 51 K&
0, FRLT- ORI R BER AL TN D Z LD, AVHTPB IF KRR CIRE L, BZE FTHMAA Y —T —
(SW-R300, HHER L)% W CIIBAEL 21T - 72,

% 1% Mean volume diameter of Al particles.
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£1 Aluminum particle diameter distribution.

FEEEREICIX, 22— 7 L — M(CP)YRREEEFH(TV-25, HUBERESE) & AV 7o, BUBHEEE I 1E IR 76 BR /K% % FiVN T 30 °C~65 °C
T—EICRD L ICHET L7, REERE CIEREHRE 2 RE ST 5720, £ 20 SEEME L2203 51TV, REMENEE L
THRICAE L. 2 —r 7 b— b OEEEEIT 0.5rpm & L7z (T AW 1.92s). 7233, ARFEERTHV 72 HTPB & (Y AVHTPB
Noa— bR TH D Z EITFIFICHER L T D, ALES BIXEUT O BIARHEERIZ BT 5 585y % ¢=0.35 (AP:HTPB:Al =
68:12:20)& HEHEL LT, ¢=0.15~0.40 TRIEZIT o 72, KEERFEO TS IIM R e 2 AW, FIXPRSEE L T O TR
EH5.

Nr = i/ Bures 1)
u : AVHTPB K5, uprpp : HTPB H4EE

3. R B R R R U F K

CP RURERE ST 2 W CTHUS L7 HTPB HARDREE 245 2 IR, 452 XKL Y, HTPB BRI EIZEIEIC/ARBI1EL, K
TLTWDZ ERNb2D. —RANCEAHEERIE TR OIREEITH 60°C TH D Z &5, AVHTPB KEEEHIE TILIEE % 60°C
TEBREAT>72. 60°C (ZF51F 2 HTPB KEE (X 3.14Pass TV, ZOMEE)KDuyrpp & 5. 5 3 X AVHTPB DR
2R, FEXPREE ()R L 0 EH L. % 3 KXY, AVHTPB KiEIT Al B DOERS ReDEIIHE-> TR LTV D
ZEBRDLMND. Fin, BEOEIIY I NVICL s TRRDZ ENFELNT. &V TV ThbERERY 7L A2 TH
D, KEETHDLY T IIT ALl THoT-.
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g2 Viscosity of HTPB prepolymer versus temperature.
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% 3B Relative viscosity of AI/HTPB suspensions versus volume fraction of Al particles.

TR~ R Z IR AT D BRI, B RIRFESY SRR SR TR 0.64)05FAET 5. Arefinia 513 AP/HTPB K& Y AI/HTPB OAR%S
FEEEIZ DWW, DR 0.50 RBICB W CUTORXTHELSRODLND Z L2HELTND .

Ny = (1—@)03%~2 )
D=0/ Omax 3

Omax T KEFEDETH D, Arefinia HBRELTZQRNEHANT, V2 TN D@, ZROIAER, A2 1345 0.5, A06
1359 0.54, A111EH9 0.56, A21 13/ 0.52 Lieolz. ZORREMND, All Z5EUE L LT M ALK T- O KL T & /MR T DD
BHIC K 2B ERDIGEAN). 20L&, REESAN ZIEMEICAR DRI & LTI 7 A2 2 vz, H 4K
£V, AVHTPB OREEEARIRIT) L CRRL 73> FVOBEESHEK 075 BRI TH D Z LG oiiz. L L72BRDKs
FEAR T 23l 2 728, LA FORE V2. nyld 6k AVHTPB OFESHHEEE, n,. 3 KK -0 20> AVHTPB OFIIHE T H
5.

Nrr = nb/nr,c 4

KINRLFED I ATk B0, DEIRZEH 5 KIZR$. AVHTPB ORFE/Rei% 0.35 KTV 040 TH Y, KKiTOEEGR
1£075 TH 5. HSKELYD, AVHTPB OX5EEITR/INRLF ORI A O KRITH L TR T 5 2 &G bz, £, A5
F312BWT, MENMET LTWAHRA2I/A06) & R T L TV R WHERL(A06/A02) AN B VT, KR ORI 43 4 % beilge+
5 & A21/A06 TIHRLEDAMIT R/ D 2 2O — 7 ZFO IEMETH D, A06/A02 TITRIE /340 03 BIEIZ T WK TH - 7=
PLEEY, ALK TFEMAS DT ET 52 L1 AVHTPB OFERBNAIEETH D EE X BND.
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% 4 Relative viscosity of AVHTPB versus coarse fraction of Al
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£ Relative viscosity of Bimodal AI/HTPB (1,,) versus Al diameter ratio (1).

(Coarse fraction of Al, 0.75)
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AWFFETIE, AVRLTO ZIE(LIZ X % AVHTPB DX IR 2RO 720, BED AVKLT-Y 7 % VT CP AR E

7

X DKENERRZIT o 72, ERAER LD, AVHTPB OXSEIT ALK T O —IELIC X VIR T3 2 Z Loz, £/,

KAKEF- DRLF B AR E T2 2 & THIERBE IR T 2 2 LB onlk. 4%, “gbsE7 AVHTPB Z v
TEBEOHEMEIE R T ) 2 E L, #ERICB T D MERBRIREZ RS T5TETHD.
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