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Abstract

A study on the H202 based low toxic hypergolic propellant was conducted. The fuel candidates were
chosen as a mixture of Amine solvent and reactive additive. The analytical performance was calculated via
the NASA CEA code and 96% Isp of the NTO/UDMH was confirmed. The ignition delay measurement with
drop test was performed and all candidates showed less than 10 ms in the best performance cases. Based on
these results, the feasibility of high response H202 based low toxic hypergolic propellant was confirmed.
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ISt AE o] &3 oA XAl b E A a2a wd HF3sHd dm<l UDMHeO GHS
Al 7 Z vdbth e Suls A E3ste] A hazard +#715& Yebla ok 2% J5/59 &
shAlel Ame] HF Al Fu) Zafjoll oa] T sk T A FEA FEfsithe SE ] dont wekEA]
d WS Al A4t FoEE o ds A (8, < YehlE H3502> UDMHel ARk &elg ), o] v
9], ¥ HAsteire) 4 B WhES doA T ste =l FHsA= @%key GHS
d WS oplst WA HIME S A precautionary?] -, tha Abol= ot HHg B
[10]e] 5+ ®jolrt. 1ear 2174 2871 (functional AT 2 2 gy "eA §5 oF Tl JdoiM 7R
group)E 7HAE o4 dAu7F sk st ist Q1 Abgre] FEA o2 xFHEo] YTt
WA Sgelel A e whES FE HE Azt S4& 7
A= Aol whA e el [11, 12] Table 1 GHS Hazard/Precautionary Statements [13]

'DETA | “PDA | “EDA | 'SBH | UDMH
2.3 H7=H H226

B AN s 9A He4 WS sl £l T I
oA kel swkel HEHa FA6 o 1302 | m2ze | msin | 20 | usor
8 A% Az A AHgEE BoluA §uiE Pl sl cus | ms12 | mso2 | mata | | msid
A8 FHTS YA 18T CEA coded % Hazard | 1314 | ms12 | usi7 | o | pssy
&l olEel tiF A ANS T NE 54 FA us17 | st | ussz | 8| wasso
Askel Aenng FASLA ST B 4H o ussa | 5592 | qann
o AR B 5L W Arkalel i gl ta1o | 1360
o AEAA 58S defstaat stglom, AehA o Diethylenetriamine 21,2-Diaminopropane
S QA ThEA sk o] mE HEAA BF I *Ethylenediamine *Sodium Borohydride
glatdnt. 2o Ade A Aet HIpAA A
23s FHet asHE AR AFHEE FA9
A e G @5 A e A A sl Table 2 Lethal dose of Solvents and Additive [13]
ol mg/kg | DETA | PDA | EDA | SBH | UDMH

'LD50 | 1080 | 2230 | 1200 | 162 122
2
3. FrH Hs 24 LSfSO 689.4 | 9796 | 731.4 | - -
Mixture
3.1 =XH THZ MY U =AM 'Lethal dose, Oral/Rat

D50 (Oral/Rat) of Solvent-Additive Mixture

- with 10 wt% of Additive Concentration
AstES e dHR, Ly SrjEs kst
aope] HE:Es 540 F2 AR deXl amine
Ade) 9IS ol gsAT WY A/HAZE sodium Table 2= 8 el Gul gesh @b, e
borohydride (NaBH)E o] &a%om H7bae] 5w UDMH®] #H=2]Ab& (LD50)S vepd L k. 8

= 5 wi%, 7.5 wi%, 10 wi%® @a] she] H7pA ol 3% =5 UDMH o] wi§ & mbAAEhs Hejal

Eoﬂ Lq_% Aé%__ ]ﬂﬂ_ 76‘8(_3:'% TI—]-Q}TS’}_]—J_X} 5’]—93\5}, 0]_ 9\)]\]jr Acute tOXiCity estimate method% O]%—%‘]— 'g‘
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A= & At Aol Fro we Fgg AR BE 2ad 2o
o7l st A7 b wEFE we HFEE
3.2 a4 w2 x7 wole g & & drk o] EE A Hre H§
NASA®9] CEA code [14]& o] &35te] Aldo] o] & of AR R AnREgo] HostE Ao H|go] &
3 FHA s olBHoR BAST d4 A SHE 5T Aes Hole ow ddHth whA
CEA code’tel F2 dHzx7e Table 33 o Bto g FUd H7MA Fmol disiAE DETA, EDA,
Ae Hlag 98 T 1ol s dA g AREE PDAS] o & HFHE Holu e A& o4
ooge B4 ARHs FAA 299 2 5 AN
UDMH/NTO®} UDMH/IRFNA®] tldh %4 wet a7 Z1EA gl AR F)l 5 FAAE] Hlas 9
A5} Table 4= Aaz Al4E fujo =g E &) UDMH/NTO9 UDMH/IRENA %3re] &4 A3 x
Ao vela 9o A %718k AEAl =E7F 95 wted A9
UDMH/IRFNA¢= 5% S, UDMH/NTO thH]
Table 3 CEA Analysis Input Condition 96.2% ol WFHE myomd VIE 54 F14
E A = e 7teAas dUdsslth
Contents Value
Problem Type Rocket . .
Table 5 CEA Analysis Result (Area Ratio 100)
Combustion Chamber Pressure 10 bar
Nozzle Condition Equilibrium Ox. Fuel I,
Nozzle Area Ratio 4/10/40/100 Solvent | Additive %
Initial Temperature 298.15 K ® Wit sles
DETA 7.5 wt% 314.8
10 wt% 314.7
Table 4 Physical rti f Solvents [13
able ysical properties of Solvents [13] 5 Wit 314.0
H.0
DETA PDA EDA o PDA 7.5 wi% 314.0
90 wt%
Formula C4HisNs | CsHioN2 | CoHgNy 10 wt% 314.0
Density (mg/ml) 959 900 898 5 wt% 314.3
Vapor P. (Pa) 31 1200 1613 EDA 7.5 wt% 314.3
Melting T. (C) -39.0 -12.0 8.5 10 wt% 314.3
Heat of 5 wt% 321.8
Formation -65.2 -98.2 -63.01
HA G/mol) DETA 7.5 Wt% 321.6
10 wt% 321.4
~ 5 wt% 321.1
3.2 3l Za} BN Hz0.
o PDA 7.5 wt% 320.9
Table 5= &4 A4S F¢3 Folt}h, == HAH| 95 wt.%
10 wt% 320.8
4/10/40/10091 el 7tz M-S s Ao BE e
WAl sl 2 AL vehlo] oA W) owik | 3213
1000] di% AR F5ag. EDA -] 7owt% | 3212
oA o glRel s Fwrt Eoldlel 10wt | 3211
g B wFYe wolw glow ol A o IRFNA 322.3
UDMH -
& e Aol gom Fdd gujd s A7t NTO 334.4




28

Fol wizkel i (2F 0.2 co)dl

5¢ A3

gl

SEI S

0

S

FXled A=t

k=3

4,

)

34417]

u

KN
=

AFskAl AH (F 0.04 cc)

I
0
@

ok

el A 5= = At

3=l o

8] &) 357 WA

i

..Tv

24 A

3

1 9

1

o

1

=1 O
&S

e o

o
0

WA sl

Ak} of

tol AstAd 54 Ads

S

oz

=
=
Al A

o]

A=At

el

TR

a

ge g

e

=]
=

A s=/&vl F7/AEA

2 2%

=
o

s}
skl ut

Z]
A=

1

ks
)

=
)

=
£ g

ook 1 A3 =

Fig. 5, Fig. 6, Fig. 7¢] EA]3]

el oh

B!

3]

=
—

of whel HskA| <]

e

=
o

il AbshaAl o] &7}

3]

%)

}9lom Fig. 4% 4" F

3|

M
Ho

71A) 9

=]
=1
gk

SIEE

Case°l o

CEREIE

$5% WA FE Aolol]

Z}
h

oy

DETA, PDA, EDA7} A} &5 =8 &

!

Jo

o

o
)
=
\_.__mo
.M.O

ijN

M
Ho

27} )

1

o
1

T

H7HA 9] sieel whE

F

)
<
A
m
X
<
)
el
_
=
=
olo

otk 2kskA o] s =7F 90

L
L

ve 4gs nadg

A
wt% <]

vl g 5

B stAlel w95

7F 7.5 wt%

o
i

Al Ew Zobel et

=]
=

]
3%

QA

o]

A FE

7}
7}

DETA® 79 #H7AS 5% 7.5 wtd 7|02

A )

A A

[e)
3

wt%¢1
A 3}A]

A =

= At

—

o

o

$lol

0

x4

9

B

At

EC

w e

Pl

=
o

Fig. 4 Fuel Preparation for Drop Test
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