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TOM TAT

Nghién civu trinh bay két qua khao sdt, ché thir mau nhién liéu dong co xudt phat va danh gid
kha nang ché tao tai Viét Nam. Mdu nhién liéu dwoc ché tao bao gém NC, NG, DNT, Xentralit-2,
CaCOs, vazolin va PbO. Céc két qua do dac dic trung nang liwong, xa thudt cho thdy mau nhién
liéu gom (55,0-57,00% NC, (27,0:29)% NG, (8,0-10,0)% DNT, (2,0~4,0)% Xentralit-2,
(1,0+1,5)% PbO, (1,0+1,5)% CaCOs, (1,0+1,3)% vazolin cé ddc trung hoa ly, nang luong tuong
dwong véi mau nhién liéu ciia niede ngodi. Pdy la co s6 quan trong trong viéc xdy dung cdc chi
tiéu héa Iy, nang heong cho théi nhién liéu ballistit ciia dong co xudt phdt.
Tir khoa: Thudc phéong ballistit; Bai toan thuat phong trong; Tinh chét ning luong; Xa thuat.

1. MO PAU

Trong tac chién hién dai, luc lugng hai quan déng vai trd hét sirc quan trong, trong d6 co cac
t6 hop tén lira d6i hai da dang, dong vai tro chii dao, hinh thanh nén stiic manh cua luc lugng hai
quan. Tén lta P 12 loai tén lira ddi hai diéu khién c6 canh sir dung dé tan cong tidu diét cac muc
tiéu mat nude cia dich. Tén lira P duoc trang bi to hop dong co bao gdm 2 dong co xuat phét (dong
co phan lyc nhién liéu rin) dugc ndi ghép véi nhau bang thanh giang, hai dong co ngat tang va cac
b6 phan khac.

Hién nay, phan 16n tén lira do thoi gian bao quan da lau va do diéu kién khi hau khic nghiét
ctia nuéc ta nén sé lugng tén hira bi xudng cap 1a kha Ion, dic biét 1a cac thoi nhién liéu cua dong
co xuat phéat. Qua tim hiéu tai liéu, ciing nhu thong qua khao sat so bo dong co xuat phét cho thay
thoi nhién lidu thuoc loai nhién liéu ballistit (thuc phdng 2 goc niang luong NC-NG), mau canh
dan, chua rd mac thudc phong.

Thanh phan mot sb méc thudc phong ballistit duoc trinh bay ¢ bang 1 [1].

Bdng 1. Thanh phan ciia mét s6 logi thuéc phéng ballistit.

R N Ky hiéu mac nhién liéu

TT | Thanhphan, (%) I "G5r 3T [ HM-2 | RSI-12K | RNDSI | &CT 2| T
1 |Nitroxenlulo 55,5 | 565 | 54 55,5 58,0 55,0 55,5
2 |Nitroglyxerin 265 | 280 | 27,0 27 16,5 29,3 28,5
3 |Nitrodiglycol - - - - 15,0 - -
4 |Xentralit 3,0 3,0 - 3,0 3,0 3,0 3,0
5 |Dinitrotoluen 9,0 11,0 | 150 11,0 4,0 10,0 10,0
6 |Dibutylphtalat 45 - - - - - -
7 |Vazolin 1,0 1,0 2,0 1,0 1,0 13 1,0
8 |Phtalat chi - - - - - 0,9 1,0
9 |Magie oxit - - 2,0 - - - -
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Ky hiéu mac nhién liéu

TT | Thanh phan, (%)

NDT-3| H | HM-2 | RSI-12K |RNDSI | ®CI' -2| &I
10 |Chi oxit - - - 1,0 1,0 - -
11 |CaCOs - - - 1,0 1,0 - -
12 |Than k¥ thuét - - - - - 0,5 0,5
13 |Ham am 0,5 05 | 05 05 0,5 0,7 0,5

Bai bao nay trinh bay két qua khao sét, nghién ctru ché thir mau nhién liéu dong co xuat phat
va danh gia kha ning ché tao tai Viét Nam.
2. THUC NGHIEM
2.1. Vat tw, hoa chit
- Nitroxenlulo (NC): ham lugng N, %: 12,09; ham luong tro, %, khdng 16n hon: 0,5; xuét xu:
Viét Nam; )
- Nitroglyxerin (NG): do an dinh Abel ¢ 72 °C, phut, khéng nho hon: 30; d6 pH: 7+9; xuat xu
Viét Nam; i )
- Xent(alit—2: Ham am, %, khong lén hon: 0,5; ham hrong anilin, %, khéng 16n hon: 0,26; Xuat X:
Trung Quoac;
- Dinitrotoluen (DNT): Ham MNT, %, khdng 16n hon 1,0; ham lugng tro, %, khong I6n hon:
0,04; Xuat xu: Viét Nam; ) ’ ’
- Vazolin: Ham lugng cac chat bay hoi, %, khong 16n hon: 0,5; xuat xtr: Trung Quoc.
- K&m stearat: Ham am, %, khéng Ic’yn hon: 2,0; xuat xu: Trung Quoc;
- Chi oxit (PbO): xuat xu Trung Quac; )
- Canxi cachonat (CaCQs): xuat xr Trung Quéc.
2.2. Phwong phap nghién ciru
2.2.1. Phuwong phdp ché tao mau nhién liéu
Mau nhién liéu duoc ché tao theo so dd hinh 1 [2-4]. Bao gom céc budc co ban:
- Chuan bi nguyén liéu dau (NC, NG, DNT, Xentralit-2, CaCOs, vazolin va PbO);
- Chuan bi nhii tvong vazolin va stearat kém;
- Chuan bi huyén pht chit ran CaCOs va PbO:;
- Chuan bi hdn hop 3 thanh phan (NG, DNT, Xentralit-2);
- Tron nitromass;
- Céan keo hoa va ép tao mau.

| Nitroglyxerin | | Xentralit-2 | [ Dinitrotoluen | | Vazolin | |Strearat kém]|

A 4
[Nitroxenlulo| [ Hdn hop nhii trong | Néu chay

| Céc phu gia rin |

4 A
| Tron nitromas |<—| Hon hop huyén phu rin |

[ Cankeohéa |—>  Eptaomiu

Hinh 1. So do cong nghé ché tao mau.
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2.2.2. Phuwong phap phan tich, do dac
- Xac dinh ham lugng NG, DNT, xentralit theo TCVN/QS 755:2013;
- Xac dinh ham lugng chi phtalat theo quy trinh phong thi nghiém;
- Phan tich ICP/OES kim loai (Ca, Pb, Mg, Ti) theo TCVN 9556-2:2013;
- Xéc dinh nhiét luong chay ctia nhién li¢u theo TCVN/QS 889:2019.
- X4c dinh toc d6 chay ctia nhién liéu theo TCVN/QS 888:2019.
- X4c dinh ham 4m cua thudc phong theo TQSA 1275:2006
- Xéc dinh d6 an dinh hoa hoc Vi ay theo TQSA 418:2006;
- X4c dinh khéi luong riéng nhién li¢u theo TQSA 1282:2006.
3. KET QUA VA THAO LUAN
3.1. Két qua khao sat thoi nhién li¢u dong co xuit phat
Khao sat kich thudc thoi nhién liéu cia dong co xuat phat, két qua dugc thé hién ¢ bang 2.

Bdng 2. Kich thudc thoi nhién liéu khdo sat.

TT Néi dung kiém tra Theo tai liéu [2] Thue té khao sat
1 S luong thoi nhién lidu 14 14
2 Kich thudc théi nhién liéu
- buong kinh ngoai, mm 121 121,4
- Buong kinh trong, mm 61 60,2

- Chiéu dai, mm 766 763,0

3 Khoi lugng théi nhién ligu, kg - 10,50
Tién hanh phén tich mAu nhién liéu dugc lay tir dong co xuét phat, két qua dugc thé hién ¢ bang 3.
Bing 3. Két qua phan tich mau nhién liéu ciia nuée ngodi.

TT Théng sb Pon vi tinh Két qua
1 Nhiét lugng chay Callg 850,6
2 Thé tich khi chay ml/g 936,8

Téc d6 chay tai ap suat:
3 60 at mm/s 8,34

80 at mm/s 9,94

100 at mm/s 10,5
4  Matdo g/cm?® 1,59
5  Ham lugng cac thanh phan
- NG % 26,1
- DNT % 8,61
- Xentralit-2 % 3,08
- Ca % 0,5545
- Pb % 0,8197
- Mg % 0,0106
- Ti % 0,0057
- NC va céc chét con lai % -

Két qua phan tich thanh phan mau nhién lidu ctia nudc ngoai cho thay, thanh phan chinh ciia
mac nhién liéu 1a NC, NG, DNT, Xen 2, sir dung xuc tac chay 1a hop chét cua chi, 6n dinh chay la
hop chét cua canxi. Trong thanh phan khong cé hop chit chira Mg va Ti (0,01% va 0,0057% cb
thé do sai s6 phép do), do do, c6 thé loai bo kha nang sir dung MgO va TiO, trong vai trd xdc tac
chay. Nhu vay, can ctr vao két qua phan tich va cac mac nhién liéu ballistit thuong dugc sir dung
trong Quan doi ctia nudc ngoai cho thiy, day 1a nhién lidu ballistit hé RSL
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Str dung phan mem Origin xdy dung phuong trinh cua tbc do chay phu thudc vao ap suit U=
Uop?, v6i cac gia tri tbe d6 chay tai ap suat 6 MPa, 8 MPa va 10 MPa at twong tmg 13 8,34; 9,94 va
10,50 mmy/s, thu duoc két qua, Uo = 1,29381x10° m/s; v= 0,45837.

Phuong trinh chay cua thude phong Nga: U= 1,29381x107%. P**%7 (m/s, Pa)

Phuong trinh chay nay ¢6 hé s6 v nho, chirng minh kha nang chay 6 6n dinh ciia méac thudc phong
trong dong co [5, 6]. Phuong trinh chay nay rat quan trong trong viéc xac lap don thanh phan nhién
liéu va tinh toan bai toan thuat phong trong cho dong co.

3.2. Tinh toan, xac 13p don thanh phin miu nhién liéu

Trén co s mau phan tich cia nude ngoai, nhom nghién ciru da tién hanh tinh toan, xac ‘1ép dgn
thanh phan theo cac phuong &4n dé€ dat duoc chi tiéu thudt phong twong duong. St dung phan mém
Real tién hanh tinh toan xay dung 03 don thanh don thanh phan M1, M2, M3 theo bang 4.

Bing 4. M4t s6 phwong dn thiét ké don thanh phan nhién liéu.

A s A H¢ s6 nhiét-hda | He sb a, Maiu nhién liéu
TT | Tén thanh phan : B, KJ3/% 1it/% Noa Vi o Ve
1 | Nitroxenlulo 37,3696 9,3059 58,43 57 55,6 | 55,0
2 | Nitroglyxerin 73,27 6,9 26,10 | 26,88 | 27,0 | 279
3 | Xentralit-2 -92,11 22 3,08 3,08 3,13 3,2
4 | Dinitrotoluen -4,19 13,55 8,61 8,8 10,1 9,5
5 | Vazolin -136,08 32 1,00 | 1,135 | 1,07 1,3
6 | Nuoc 0 12,4 0,50 0,50 0,50 | 0,50
7 | CaCOs 0 0 1,38 1,40 1,40 | 1,40
8 | PbO 0 0 0,90 1,00 1,10 | 1,20
9 | Kém stearat 0 0 0,05 0,05 0,05 0,05
i Nhiét lwgng,
Callg
+ Tinh todn 869,4 | 865,7 | 854,92 | 857,0
+ DPo dac 850,60 | 872,0 850 | 846,9
Thé tich khi,
mi/g
+ Tinh toan 946,46 | 946,67 | 949,6 | 951,2
+ bo dac 850,00 - 920,4 | 943,0
- Miat d9, g/cm® 1,59 - - 1,59
Téc d chay,
- mm/s
+ Uso 8,34 - - 8,72
+ Uso 9,94 - 8,9 10,10
+ Uioo 10,5 9,99 9,7 10,50

Mau M1 duoc thiét 1ap dira trén két qua phan tich mau cua nudc ngoai, tuy nhién, nham dam
bao yéu t6 cong nghé, nhém nghién ciru quyét dinh diéu chinh mot s thanh phin mét luong khong
16n. Két qua phan tich toc do chay cho thdy, mau M1 c¢o tdc do chiy Ui nam trong dai cho phép
(U100 = 9,9 mm/s), tuy nhién, nhiét lugng mau M1 tuong dbi 16n (872 cal/g), doi hoi nhém nghién
ctru phai didu chinh giam gia tri nhiét luong va khong lam thay doi gia tri tc do chay. Mit khac,
can didu chinh thanh phan dé dam bao yéu té cong nghé hon. Phuong 4n dua ra 14 giam thanh phan
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NC va ting DNT, PbO (miu M2). Két qua phan tich nhiét luong, thé tich khi, co ban mau M2 dat
céc gia tri twong duong v6i san pham cta nuwdc ngoai, tuy nhién, gia tri téc do chay van dang &
can dudi (ui0 = 9,7 mm/s). Do d6, can tiép tuc giir gia tri nhiét lugng va diéu chinh téc do chay.
Nhom nghién ctru da diéu chinh mét s6 thanh phan NC, NG, PbO va Xentralit-2 dé ting toc do
chéy (bang 4). Két qua phan tich cho thiy, mau M3 cac dic trung hoa Iy, ning luong twong dwong
mau cua nude ngoai. Tac gia quyét dinh sir dung don thanh phan nay cho cac nghién ctru tiép theo.

Thiét 1ap phuong trinh chay cta thuc phong mau M3:

U= 12,93.103.P%41745 (m/s, Pa)

Phuong trinh chay nay c6 hé sb v nho hon cua mau nudce ngoai do o6 ham lugng xic tac chay
16n hon, chiing minh kha néng chay 6n dinh ciia mac thuoc phong trong dong co.
3.3. Tinh toan thuit phéng trong

S6 lidu dau vao cuia bai toan thuat phong trong ctia dong co xuat phat dugc thé hién nhu trong
bang 5 [5-6].

Bdng 5. Cac dai luong s dung trong chuong trinh thudt phong trong.

Ky hiéu
T Ciic dai lugng Trongh¢ | Trong | ponvidgo | Gidtri
phuwong chwong
trinh trinh
1 | Mat d thanh thudc phong Pr mdtp kg/m? 1590
2 | Ton that luu luong ®, phi2 0,92
3 | Chiéu dai thanh thudc phong L Ltp m 1,526
4 Du’cgng klrnh ngoai thanh D dn m 01214
thuoc phong
5 Bu,orng kinh trong thanh thude d dtr m 0,0602
phéng
6 | Puong kinh tiét dién t6i han dg, dth m 0,117
7 | Luc thubc phong f, fO J.m/kg 851
8 Solmu cua quy luat toc do v nuy 0,273
chay
Heé s6 quy luat chdy thanh 3
9 thuéc phong (co 13) u, ul m/s/pa 12,93.10
10 ]c-)(;rorng kinh trong than dong D, dk m 0,375
11 | Chiéu dai than dong co L, Ik m 1,675
12 | S6 mii doan nhiét k kn 1,25
13 H¢A s0 on dinh nhiét cua ap K, Kt 0,002
suat
14 | S loa phut slf sIf cai 1
15 | Nhiét do tiéu chuén To Thdc bo K 273
16 | Nhiét d6 ban dau Thd Thd DPo K 212
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Bing 6. Két qua tinh todn thudt phong trong dong co xudt phdt.

i Yéu cau Gia tri
TT Cic dai lwgng lﬁl D(r.n -
hi¢u vl +40°C +5°C
1 | Thoi chay cua thudc phong t S - 1,111 1,226
2 | Thoi gian lam viéc cua dong co tc S <1,55 1,268 1,379
3 | Ap suit 16n nhat Prax | MPa 23,2 17,3 15,7
4 Ap suét 1am viéc trung binh Pw MPa - 17,1 15,5
g 108 DO THI p = f(t)
ol — — ] |
14 | / } |
12 | ‘ 1 N
T || ‘ — Mau Viét Nam
10l I MAu Nga
a.5°C 3 | I
5{ 8 } ‘,
\
6 \
|
4r lvl \
2r “‘\j\
0 : : : : s A
0 0.2 0.4 0.6 0.8 1 1.2 14
Thoi gian t[s]
6 210° DO THI p = f(t)
e — e T e — -ﬁ z
14 // l ‘
| — Mau Viét Nam
gl }‘ ‘ MAu Nga
b.40°C g 8] 1
| '\ ‘i
| |
2t
0 : - N
0 0.5 1 1.5
Thoi gian {[s]

Hinh 2. D6 thi quy ludt thay doi ap sudt theo thoi gian ciia dong co xudt phat & cac nhiét do
+5 °C, +40 °C so sdnh véi mau Nga.

Nhu véy, phén tich d6 thi 4p suit - thoi gian cho thiy, mac nhién liéu do nhém téc gia nghién
ctru theo mau hoan toan dap tng yéu cau dit ra
3.4. Panh gia kha ning ché tao théi nhién li¢u dong co xuit phat tai Vigt Nam

Trén day chuyén san xuat thudc phong hinh dng ciia Viét Nam d ché tao thoi nhién liéu ding
cho déng co dan phan luc (PPL). Két qua so sanh kich thudc cuia thoi nhién liéu déng co dan phan
luc va dong co xuat phat dugc thé hién tai bang 7.

94 L. V. Ha, ..., T. H. Thanh, “Nghién civu thiét ké thanh phén ... cho déng co xudt phadt.”



Nghién ciru khoa hoc cong nghé

Bdng 7. So sanh kich thudc thoi nhién liéu dong co dan phan lyc va dong co xudt phat.

Théi nhién liéu Kich thwéce thoéi nhién li¢u

T ballistit Puong kinh  Puong kinh Chiéu dai, Tiét dién
ngoai, mm trong, mm mm ngang, mm?
1 PPL 104 20 902 8177
2 P 121,4 61 768 8648

S0 sanh kich thude thoi nhién liéu cho thﬁy, thoi nhién liéu dong co dan phan lyc c6 kich
thudc chiéu dai 16n hon va dudng kinh trong nhé hon, trong khi thoi nhién liéu cho dong co xuat
phat c6 dudng kinh ngoai 16n hon. Trén co s& tinh toan va thuc nghiém ép tai don vi cho thdy kha
nang trién khai ép thoi thube phong do Viét Nam ché tao trén diy chuyén cong nghé cia Nha may
Z 1a kha thi, tuy nhién co thé cin phai thay d6i mot sd trang bi cong nghé va diéu chinh ché d ép.

4. KET LUAN

Bai bao di trinh bay két qua khao sat mau nhién liéu ciia nudc ngoai, do dac cac thong sd: Nhiét
luong chay, toc d6 chay, thanh phan, mat d. Da tinh toan lap dugc don thanh phan va ché tao cac mau
nhién liéu dong co xuét phat trong phong thi nghiém. Cac két qua do dac dic trung ning luong, xa
thuat cho thdy mau nhién lidu gom: (55,0+57,0)% NC, (27,0-29)% NG, (8,0-10,0)% DNT,
(2,0+4,0)%, xentralit-2, (1,0+1,5)% PbO, (1,0+1,5)% CaCOs, (1,0~1,3)% vazolin c6 cac dac trung hda
1y, nang lwong twong dwong véi mau nhién liéu cia nude ngoai. Nghién ctru cling dua ra kha nang trién
khai ép thoi thude phong do Viét Nam ché tao trén ddy chuyén cong nghé ctia Nha méay Z 1a kha thi,
tuy nhién can phai thay d6i mot s6 trang bi cong nghé va ché do ép phu hop.
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ABSTRACT
Research on designing the fuel grade composition for the propulsion engine

The study presents the results of the survey and testing of fuel samples for the
propulsion engine and evaluates the possibility of manufacturing them in Vietnam. The fuel
samples manufactured include NC, NG, DNT, Xentralit-2, CaCOs, Vaseline and PbO. The
results of energy and radiometric measurements show that the fuel sample includes
(55.0+57.0)% NC, (27.0+29)% NG, (8.0+10.0)% DNT, (2.0+4.0)% Xentralit-2, (1.0+1.5)%
PbO, (1.0+1.5)% CaCOs;, (1,0+1,3)% vazoline with properties equivalent to the foreign fuel
sample. This is an important basis for establishing technical conditions for building
ballistite fuel grades for the propulsion engine.

Keyword: Ballistite solid propellant; Projectile motion; Energy properties.
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