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TOM TAT

Hon hop xiic tac chay gom dong -chi phthalate (PMC) va cacbon ky thudt (C) khong chi anh
hwong dén toc dé chay cia thuoc phong goc nitrat xellulo va nitroglycerin voi P/H=1 ma con
danh hwong dén ddc tinh phan bé nhiét ¢ tai cdc viimg chdy ciia thuoée phéng. Anh hwéng cia hé
xiic tdc nay dén toc dp chay thuoc phéng thé hién ré nhat & dp sudt thap 0.7 MPa, dp sudt cang
cao thi anh huong cang giam (Z~1). Poi véi xiic tac chita 6% PMC + 1% C cho hé s6 Z cao
nhdt, hén hop xiic tac nay lam ting nhiét dg chdy so véi mdau nén & diéu kién chdy dp sudt thap,
cu thé: 7=3.4 va nhiét d¢ bé mat pha K tang tir 621 1én 654 K, nhiét do chdy I6n nhat tang tir
1399 dén 1527 K va hé s6 truyén nhiét y trén bé mdt pha rdn tang tir 0.00071 Ién 0.00247 cm’/s.

Tir khoa: Ballistic; Thudc phdng A; Pha K; Xiic tac chay; PMC; Cap nhiét.
1. MO PAU
Su chay cua thude phong noi chung va thudc phong ballistic noi riéng 1a mét qua trinh héa ly

phtrc tap, gdm nhiéu giai doan chuyén hoa tir thudc phong ban dau thanh cac san phidm khi kém
theo toa nhiét [1].

P =0.7 MPa P=1.2MPa P=1.6 MPa P=2.1MPa P=2.6MPa
Hinh 1. Hinh danh thuéc phéng chay tai céc dp sudt khdc nhau [2].
Déi voi ting méc thudc phong ballistic lai c6 mot loai hodc hdn hop mét vai chat xuc tac

chay duoc cho 1a c¢6 hiéu qua dang ké. Su phu thudc cua toc d6 chay véi ap sudt chay dugc thé
hién nhu sau [1]:

+ Thudc phong pirocxilin (chi chura thanh phan ning luong chinh 1a nitrat xellulo) va thubc
phong ballistic khi chay ¢ ap suat 16n hon 50 MPa thi toc d§ chay ti 1€ thuan vdi ap suat chay
theo phuong trinh:

u=up 1)

O @6, uy 1a hé sb tdc do chay, no phu thudc vao thanh phan cia thudc phong. Déi véi thube
phong pirocxilin u; c6 gid tri trong khoang 0.55 + 0.80 mm/s.MPa, con ddi voi thude phong
ballistic trén nén nitroglycerin U; c6 gia tri trong khoang 0.4+1.2 mm/s.MPa.

+ Thubc phong pirocxilin va thuf)(: phong ballistic khi chay & ap suat trong khoang 220 MPa
thi toc do chay ti 1€ thuan véi ap suat chay theo phuong trinh:

u=B,+Bp” )

+ Ddi véi dong co tén Iua ran, phuong trinh thé hién sy phu thudc toc do chay vao ap sudt
duoc thé hién nhu sau:
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u=Bp” 3)

Trong d6, B, By va v la cac hé s6 ¢b dinh, phu thudc vao ban chét thube phong.

bé giam sy phu thude gitta toc do chay va ap suat, thudc phéng duge cho thém mot ham
lwong nhat dinh chat xuc tac chdy nhu cac hop chat cia chi, ddng,... nho d6 1am giam h¢ 56 phu
thudc v trong mot s6 ving ap suat nhét dinh [1]. Theo tac gia A.P. Denisuk cho rang khi tang toc
d6 chay cua thubc phong dan dén sy thay doi nhiét do chay o trong cuing diéu kién chay twong
ung [1].

Theo mét s6 nghién ctru da chi ra rang, khong chi C ma ngay ca PMC ciing tao ra khung mugi
cacbon trong qua trinh chay cua nitrat xellulo, tai bé mat khung muéi nay s€ tich tu cac hat xuc
tac va lam tang hi¢u qua cua qua trinh chay tiép theo [3-6].

Do d6, trong bai béo nay, nhom téc gia da sir dung hon hop xtc tac chay gdm PMC va C dé
xac dinh sy thay doi toc do chay ciing nhu mien phén bo nhiét d¢ chay cua thuoc phong co ty 1€
P/H=1.

2. THUC NGHIEM

2.1. Thubc phong

Str dung thube phéng nén trong nghién ciru ¢6 thanh phan nhu sau (goi 14 thude phong A) [1]:
Nitrat xellulo: 49.0% ghém luong H); Nitroglyxerin: 49.0% (ham lugng P); xentra!it-Z: 1.0% va
vazolin: 1.0%, cac chat ndy do Nga ché tao. Xuc tac chay sir dung d€ cho vao thudc phong A 1a
PMC (kich thudc hat khong 16n hon 45um, Nga) va C mac KGO-250 (nhap khau). Thudc phong
Al ché tao tir thude phong A + 3% PMC + 1% C; thuc phong A2 ché tao tir thudc phong A +
6% PMC + 1% C va thudc phong A3 ché tao tir thude phong A + 9% PMC + 1% C theo phuong
phap bd sung xuc tac trong giai doan can nitromass thudc phong.

Cac théi thu&; phéng duoc ép thanh hinh tru dac, c¢6 kich thuéc ®7 mm, chi‘éu dai 15 mm
duoc phu 16p chong chdy hé 1 dau. Qua trinh chdy dugce coi 1a dinh dién theo be mat chay dai
cta thoi thuoc phong khi moi chay tir mat dau hé cia thoi thude phong.

2.2. Phwong phap do toc d) chay ciia thude phéng trong bom ap suit khong doi [1]

Phuong phap nay st dung bom ap sgét co t}lé tich 2-3 lit, co ap suit toi han dén 30 Mpa

(phong Lab khoa IXT/RCTU- Nga), so d6 hé thiét bi do dugc thé hién & hinh 2:

Ni to a-:{ﬁ.
~g U=27V B¢ do va chuyén doi tin hi¢u
L :}_j?
P =iy [ | T
N s
% s
i E @ 4 Van xi : <

Y |l Bom ap suit
7 =< khong doi

s e
Hinh 2. H¢ thiét bj do toc dé chay.

Hg thiét bi do nay cho phép xéc dinh tdc do chay ¢ nhicu ap suét khéc nhau bang cach lan do
thir nhat ¢ ap suat cao nhat, cac lan do ti€p theo ¢ ap suat thap hon thong qua van di€u chinh ap
suat. Viéc cung cap ap suat vao trong bom do dp dugc thuc hi¢n bang bom khi nén, str dung khi
tro la nito dé€ khéng anh huong dén qua trinh chay.

Nguyén ly do cua phuong phép nay dya trén biéu @b ghi nhan su thay ddi ap suét ban dau (p,)
dén khi dat 4p suat Ién nhat (p,), khodng thoi gian nay chinh la thoi gian ma thoi thuoc phéng
chéy hét. Tur thoi gian chay, &p suit ban dau va chiéu dai thoi thudc cé thé tinh duogc tbe do chay
tai 4p suat twong g d6 (véi diéu kién coi nhu ap sut khi sinh ra cua qué trinh chay nho hon rat
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nhleu SO V6i &p suat ban ddu). Trén co s& cac sb liéu tbe do chay va ap suat chay, str dung phan

mém Origin 8.5 dé xay dung dd thi su phu thudc toc do chay cua cac mau thude phong & cac ap
suat khac nhau.

p
)

.

t, t, t
Hinh 3. Nguyén Iy xdc dinh thoi gian chay trong bom ap sudt [1, 6, 8].

Anh huong cia xtc tac chay dén t6’c do chay dugc biNéu diép qua ty 1& Z=U,/U, trong d6 U,
la toc d6 chay cia mau nén va Uy la toc do chay cua mau thuoc phong c6 chira xtc tac chay ¢
trong cung mét ap suat chay.

2.3. Phwong phap do nhiét d9 trong qua trinh chay caa thuéc phong

C6 hai phuong phap chinh dé do nhiét d¢ trong cdc viing chéy cua thudc phéng: Anh nhiét
hodc bang cap nhiét dién [1]. Trong bai bao nay nhom tac gia sir dung cap nhiét dién dugc ché
tao tir Volfram-Rheni véi chiéu day 5 mm d€ tien hanh do, xac dinh nhiét d6 chay thuoc phong
bang thiét bi Pico model ADC-216 cua phong Lab khoa IXT/RCTU- Nga.

Cap nhiét dién duoc dit chinh gitra thoi thude theo nhu hinh 4.

1

2

7
Ii§m

1

Hinh 4. Hinh anh thoi thudc phéng triede khi tién hanh dot chay:
1, 2 - Nira thuoc phong ballistic [1]; 2 - Cap nhiét dién;
3 - Lop vo boc chong chay [6].

D) thi nhiét 6 T theo khoang cach x tir bé mit pha K (hay theo thoi gian t) c6 hinh dang
tuong dbi phurc tap, duoc xay dung trén dir li¢u thu dugc bang phan mém Origin 8.5, qua do thi
c6 thé xac dinh chinh xac mot sé diém nhiét do, & d6 cho phép xac dinh sy thay ddi cac ving
chay cua thuc phong. DI véi mdi &p suat tién hanh do 5+7 1an va sau do lay gia tri nhiét do
trung binh tai méi viing chay. D6 thi mau T(x) nhu hinh 5 sau:

T, 103K
3.0 T

25 L s
—
=1 Mlla
20 Vil !

N4
1.0 //

05

_/ S

-0.25 0 025 0.50 075 1.00

Hinh 5. Mdu do thi phdn bé nhiét @6 theo khodng cdch t6i bé mdt pha K [7].
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Trén do thi T(X) tién hanh x4c dinh cac gi4 tri nhu sau: T, - Nhiét do trén bé mit pha K (ranh
gi6i pha rin va pha hoi khi cua thuc phong) dugc xac dlnh 1a diém udn trén dudong cong nhiét
do tuong u'ng voi su thay doi pha; Tg, Lg- Nhiét d6 va chiéu dai vung hdn hop khi; T; - Nhiét do
tai diém giam di e 1an so véi Tp Ls- Chiéu dai vung nung nong tir Ty dén Tp; Tq- Nhi€t do chay
16n nhat; Lg Chiéu dai ving nhiét &6 chay 16n nhat; ¢ =dT/dx - Gradien nhlet do va y - HE so
dan nhiét cua thudc phong [6].

3. KET QUA VA THAO LUAN
3.1. Két qua do tdc dd chay ¢ cac ap suit khac nhau
Két qua xac dinh téc d6 chay cua cac mau thude phong duoc trinh bay trong hinh 6:
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Hinh 6. Toc do chay cua cac mau thuoc phong ~ Hinh 7. Sy bién thién cua ty 1é Z cdac dp suat
¢ cdc dp suat khac nhau. khac nhau.

Tw hinh 6 cho thay, trong vung ap sudt chay nho hon 0.6 MPa, thudc phong A3 co toc do
chay cao hon mau nén thudc phong A va ca thuoc phong Al, A2. O 4p suit l6n hon 0.6 MPa
thudc phong A2 cé toc d9 chay cao hon cac mau con lai va ¢ ap suat 0.7 MPa mau A2 c6 tc do
chéy 7.82 mm/s so véi mau thudc phong A c6 téc do chay 2.30 mm/s.

Két qua su'Nbién thién cua Z ¢ cac ap sqét khac nhau ctia cac mau thude phong co chira xuc tac
chay so véi mau thudce phong nén dugce thé hién ¢ hinh 7.

Két qua xéac dinh sy phy thudc cua tbc do chay vao ap suét theo cong thire (3) da néu ¢ muc
2.2 cia cac mau thudc phong nhu bang 1 sau:

Bdng 1. Cdc hé $6 cia sw phu thudc téc do chay vao ap suat.

Miu|%C|%PMC| B | v [APRMPa
Tw | Pén

N ] 248 | 04301 04
297 | 07204 20

829 | 09701 1.1

Al 3 9.03 1045 | 11| 20
1137 ]1.05|01] 08

A2 |1 6 1034 | 041 08| 20
1034|078 |01 06

A3 9 8.70 | 0.44 1 0.6 | 20

Ttr két qua trén cho thdy hdn hop xtic tac chay la PMC va C ¢6 anh hudng dén toc do chay
cua thube phong A, diac biét ro nhét 1 khi chay ¢ dai ap suét thap Theo tai liéu [2-4], cac tac gla
da chi ra rang xuc tac chi xay ra hiéu qua khi trén bé mit chay c6 sy hinh thanh va phat trién
khung mudi cacbon, & viing nay xay ra sy tich lily xuc tac va chung hoan toan khong bi thi€u két,
khi @6 qua trinh chay trén bé mat khung mudi cacbon giit vai tro chu dao.

Gi4 tri 16n nhit cua ty 1& Z = 3.4 dbi véi mau thude phong A2 c¢6 chira 6% PMC + 1% C khi
chay & ap suat 0.7 MPa. Khi ting 4p suét thi anh hudng ciia xuc tac chay giam, didu nay duoc
giai thich 1a do khi ting ap suét (dén 20 MPa) kha ning tao khung mudi cacbon bi giam manh.
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3.2. Két qua xac dinh nhiét d§ chay
Nhom tac gia da tién hanh do nhiét do chay cua 3 mau thube phong A, Al va A2. Hinh 8 dudi day
thé hién tong hop cua 6 1an do d6i véi thudc phong A va 7 1an do dbi vai 2 loai thude phong Al, A2.
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Hinh 8. Phdn bé nhiét do tai cdc viing chdy theo khodng cdch tir bé mdt chdy cia thudc
phéng ¢ 0,7MPa: a - Hinh dnh so sanh cia A va A1; b - Hinh anh so sanh ciia A va A2.

Tir két qua tai hinh 8 cho théy, anh hudng ctia hon hop xtc tic chay khong chi dén nhiét do
bé mit chay (tang 20 - 30 K) ma con anh hudng dén nhiét d6 chay 16n nhat (tang 130-230 K) khi
chay ¢ ap suat 0.7 MPa va lam tang gradlen nhiét d6 chdy cua thuoc phong. Cac db thi sau thé
hién két qua xac dinh nhiét do chay ctia cic mau thudc phong & ap suat 0.7 MPa.

Ddi voi mau thude phong nén A tai ap suat 0.7 MPa c6 toc d6 chay u = 2.30 mm/s:

Bdng 2. Két qud xdc dinh nhiét do chay cia mau A tai &p sudt 0.7 MPa.

Tl TCI
T To, K [ T mm | T K 0*10™, K/em K | Ly mm 2*10°, cm?/s
1| 293 [409 ] 0.030 | 607 11.76 1387 | 0.828 0.71
2 | 293 [416] 0.033 | 626 10.36 1385 | 1.120 0.70
3 | 293 [415] 0.035 | 626 18.57 1411 [ 0.879 0.65
4 [ 293 [ 416 | 0.037 | 615 16.23 1382 | 0.689 0.72
5 | 293 [418] 0.030 | 628 11.97 1430 | 0.812 0.69
6 | 293 [414] 0.032 | 625 12,25 1399 | 0.880 0.80
Al 6] 0003 14 316 | 14| 0.179 0.06
TB| 293 |415| 0.033 | 621 13.52 1399 | 0.868 0.71
A | -3] -0.004 -7 -5.05 | -31] -0.252 -0.09

Déi v6i mau thude phong Al tai ap suit 0.7 MPa c6 toe dd chay u = 5.87 mm/s (Z = 2.55):
Bdng 3. Két qud xdc dinh nhiér dg chay cuia mau Al tai 4p suat 0.7 MPa.

T T

T To K[ Lll, T To K| 9*10%, Kiem [ Eg, | *10°, ems

1 | 293 | 424 | 0.010 | 648 1076 | 1599 | 6.16 0.59

2 | 203 | 424 | 0.021 | 649 1057 | 1575| 6.76 1.23

3 | 293 | 420 | 0.031 | 638 1160 | 1607 | 6.60 1.82

4 | 293 | 418 | 0.020 | 632 954 | 1587 | 6.92 117

5 | 293 | 419 | 0.018 | 635 861 | 1714 7.01 1.06

6 | 293 | 423 | 0.015 | 647 13.13 | 1666 | 7.03 0.88

7 [ 203 | 424 | 0.012 | 648 1391|1706 | 6.73 0.70
Al 2| 0013] 21 255| 61| 058 0.47

TB| 293 | 422 | 0.018 | 642 1116 | 1636 | 6.74 1.06
A, | 4] 0008 -21 2.75| 78| -0.29 0.76
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Hinh 10. Buong cong nhiét do tai cac ving chdy theo khoang cach tir bé mdt chay ciia thudc
phong A cua cdc lan do ¢ 0.7MPa.

D4i vai mau thude phong A2 tai ap suat 0.7 MPa c6 toc dd chay u=7.82 mm/s (Z = 3.40):

Bdng 4. Két qua xdc dinh nhiér dg chay ciia mau A2 tai ap sudt 0.7 MPa.

To, K Tp, K | 9*10™, K/em 2*10%, cm?/s
K | L, mm K Lg, mm
293 | 422 | 0.038 643 6.90 1523 | 4.22 2.90
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2 | 293 | 431 | 0.033 | 669 10.73 1527 | 4.01 251
3 | 293 | 428 | 0.029 | 659 10.80 1527 | 3.98 2.21
4 | 293 | 421 | 0.031 | 641 8.61 1523 | 4.22 2.36
5 | 293 | 429 | 0.030 | 664 8.68 1538 | 4.01 2.29
6 | 293 |425| 0.031 | 653 8.69 1531 | 4.26 2.36
7 | 293 | 425 | 0.035 | 653 8.87 1519 | 3.99 2.67
A 5| 0.003 13 2,14 8 0,12 0.26
TB| 293 | 426 | 0.032 | 654 9.04 1527 | 4.10 2.47
A | -5| -0.006 | -15 -1,76 | -11 -0.16 -0.43

Két qua nay cho thiy hdn hop xic tic chay khong chi anh huong dén téc d6 chay ¢ ap suat
thap ma con lam tang nhiét do cua cac vung phan bd nhiét va tang hé s6 dan nhiét cia thuoc
phong nén. Didu nay co nghia la téc do truyén nhiét ciia khung mudi cacbon 16n hon tdc do
truyén nhiét tai pha K cua thuéc phong khong cé xic tic. Ngoai ra, véi viée sir dung 6% PMC
cling vé6i 1% C 1am xtc tac cho thay hiéu qua 16n hon (Z=3.4) khi so sanh véi két qua ctia tac gia
Nien Tran Aung (Z < 2) chi st dung 1.5% C [6].

4. KET LUAN

Nhu vay, hdn hop xiic tac chdy gdbm PMC va C khéng chi anh hudng dén téc do chay cua
thudc phéng trén nén nitrat xellulo va nitroglyxerin vi P/H = 1 ma con anh huéng dén mién
phan bd nhiét d6 chay. Anh hudng cta hé xuc tac chay nay t6i toc do chay cua thudc phong thé
hién rd nhét khi & 4p suat thap 0.7 MPa, cang ting ap suat sy anh hudng cang giam (Z ~ 1), d6i
v6i xtic tac gdm 6% PMC + 1% C cho hiéu qué xtic tic cao nhat. Hon hop xiic tac voi ty 1¢ thanh
phan nay lam ting cac dic tinh nhiét d6 chay so v6i mau nén khi thudc phong chay & ap sut
thap: Tc do chay tang 3,4 1an, nhiét do bé mit pha K tang tir 622 1&n 654 K, nhiét d6 chay 1on
nhat ting tir 1399 1én 1527 K va tiang hé s6 truyén nhiét y trén bé mit pha ran cia thudc phong tir
0.00071 1&n 0.00247 cm?/s.
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ABSTRACT

Effect of combustion catalyst on the burning rate and temperature transformation
in fire zones of propellant on nitrate cellulose and nitroglycerin with P/H =1

A mixture of combustion catalysts, including lead-copper phthalate (PMC) and carbon
(C), not only affects the burning rate of fuel based on cellulose nitrate and nitroglycerin
with P/H=1, but also affects the combustion region of the fuel temperature distribution.
The effect of this burning catalyst system on the fuel combustion rate is most evident in the
low pressure range (0.7 MPa), the higher the pressure, the lower the effect (Z~1) for the
catalyst containing 6% PMC + 1% C for the highest Z factor A catalytic mixture with such
a ratio of components increases the combustion temperature compared to the background
sample at low pressure: the surface temperature of the K-phase increases from 622 to 654
K, the maximum combustion temperature increases from 1399 to 1527 K, and the heat
release increases transfer coefficient y on the surface of the solid fuel phase from 0.00071
t0 0.00247 cm?/s.

Keywords: Ballistic; Propellant A; Phase K; Catalysis burning; PMC; Thermopair.
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