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MOT PHWONG PHAP TiNH TOAN KHOI LWONG LIEU THUOC MOI

A METHOD FOR CALCULATING THE MASS OF IGNITER CHARGE

TS. Nguyén Quang Lwong, TS. Nguyén Nam Quy, TS. Lé Hiru Ban
Khoa Vii khi, Hoc vién K¥ thuat Quéan sy, B Qudc phong

TOM TAT

Bai bdo trinh bay mét phwong phdp tinh todn khoi lwong thuée moi, ap dung cho thuéc moi
JPII-2. Keét qua tinh toan dwoc so sanh voi dir liéu chuan va danh gid trén dong co tén lira nhién
liéu ran thur nghiém. Cac két qua tinh toan phu hop voi gia tri tiéu chuan va thuc nghiém.

Tir khéa: Moi chay; Thiét bi moi; Khoi lwong thuée méi.

ABSTRACT

The article presents a method to calculate the weight of igniter charges, applied to a
igniter charge as J[PII-2. Calculation results are compared with standard data and evaluated on
an experimental solid-fuel rocket engine. The calculated results are consistent with standard and

experimental values.

Keywords: Ignition; Igniter; Mass of igniter charge.

1. PAT VAN PE

Sy chay cia lidu phong trong dong co
tén lira nhién liéu ran (PTR) duoc mdi chay
nho thiét bi moi. Céac thiét bi mdi tao ra cac
diéu kién ban dau trong budng d6t dé dua PTR
vao ché do lam viéc co ban, noé can dam bao:
Nung néng bé mit cta licu phong dén nhiét
do can thiét dé nhién lidu bat dau chay, tao ra
gradient nhiét can thiét trong nhién liéu, tao ra
trong budng d6t 4p suat dé nhién liéu chay 6n
dinh.

Su mdi chay ciia lidu phong va tinh toan
lidu thubc moi di duogc trinh bay trong nhiéu
tai liéu [1, 3, 4, 5], dd co tiéu chudn quéan sy
vé thiét ké, ddm bao an toan cho thiét bi moi

[6], tuy nhién ddi véi dong co cu thé can co lya
chon phuong phap phu hop.

2. SU MOI CHAY, PHUONG PHAP TINH
TOAN KHOI LUQNG LIEU THUOC MOI

2.1. Thiét bi mdi va yéu ciu doi véi thiét bi moi

Thiét bi mdi thudng co cdu tao gom:
Hop thuc moi, mdi lira dién, thuéc mdi. Thiét
bi mdi c6 thé ¢ ciu tao kiéu hop, kiéu mit bich
v6i than pha huy, kiéu gio hodc 1a mot dong co
tén ltra 1am nhiém vu moi chay [4]. Thuc moi
1a thudc phong den hodc cac thanh phan hoa
thuat, & cac dong co ¢6 d > Im 1a hon hop cac
kim loai (Al, Mg) va peclorat kali KCIO, hodc
nitrat kali KNO,.
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Thiét bi mdi can théa man cac yéu cau
dam bao mdi chay tin cdy liéu chinh trong
khoang rong cta nhiét do ban dau, c6 kich
thude va khdi luong nho, khi 1am viée ap suét
trong budng dbt ting giam déu din, khong gay
ra vét nt trong liéu phong, thoi gian moi chay
nho, c6 kha ning cat giir 1au dai ma khong thay
doi cac thong s6 1am viéc. Cac dudng cong ap
suat dién hinh trong thoi ky khoi dong dong co
duoc biéu dién trén Hinh 1 [3].

Loai thudc méi, khdi luong thudc mdi,
vi tri dat thudc moi, nhiét do ban dau, thanh
phan hoé hoc, thanh phan san pham chay cua
thudc mdi, téc do chuyén dong cua nd doc theo
bé mit chay cua liéu chinh, hinh dang ducrng
thoat khi, v.v... s& anh hudng dén qua trinh mdi
chay liéu phong.

0 r
Hinh 1. S thay d6i dp sudt theo thoi gian trong
thoi ky méi chay:

1. Su moi chay dién ra véi toc dé lom; 2, 3. Su moi
chady véi s tré vé thoi gian;
4. Su moi chay nhién liéu sau khi nd’p bit kin bi
pha huy

2.2. Phuong phap tinh toin khoi lwgng licu
thudc moi

Khi thiét ké thiét bi mdi can phai tién
hanh mot s lya chon, tinh toan trong do6 tinh
toan khéi lugng thudc méi cd ¥ nghia quan
trong. Pé tinh toan khdi lugng thudc mdi, co thé
str dung cac cong thire 1y thuyét va kinh nghiém.

Trong d6, mot s6 cong thirc kinh nghiém khong
chinh x4c cho mot sé so dd két cdu DTR, can
phai két hop voi tinh toan 1y thuyét dé dam bao
do chinh xac, chéng han két cAu TR véi thude
moi loai JIPTI-2. Bai bao trinh bay mét phuong
phap tinh khdi lugng thudc moi dya trén co so
mo hinh todn md ta hién tuong mdi chay véi
cac gia thiét hop 1y [5].

Pbi véi cac loai thude den duogce su
dung trong thuc té, c6 thé coi téc do chay cua
ching khong phu thudc vao 4p suit va 1a 0,07
m/s. Gid sir rang tat ca cac hat thuoc chay dong
thoi, thoi gian chay cua thude mdi co thé dugc
xac dinh tr moi quanhé:t =e /u_.

Ap suat ma thiét bi mdi cung cap can
ndm trong gidi han p = (O 3+0 5)pk, khéi
lu’orng khong khi tai thoi diém ban dau trong
budng dbt duoc xac dinh theo biéu thuc: m,
= P Wko, trong do p,., W, la mat do khong
khi va thé tich ty do ban dau ctia budng dot.
Do thé tich ty do ctia budng dbt c6 sy thay do6i
nho trong qua trinh chdy cua thiét bi moi nén ta
chap nhan W =W,_.

Khdi lugng can thiét cia thube moi m*
dugc xac dlnh tir két qua giai hé phuong trlnh
vi phan vé can bang nhiét Va khéi llIO’l’lg trong
qué trinh chay ciia thubc moi va duoc biéu dién
nhu sau [5]:

—m

l1-e

:Smpmem (1)

Khi tinh dén khdi luong khong khi
trong thé tich tu do ctia dong co tén lira nhién
liéu ran, khoi luong cua thuéc mdi duoc xac
dinh gan dung theo biéu thirc:
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Trong thoi gian thuéc mdi chay, c6 thé
tinh toan bé mit chdy ban dau can thiét cua

thoi gian t™ dé dat dugc ap
suit 16n nhat P, o O]

thudc moi S,

V., — e —m—
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Vi
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[, = T In — . (2)
51(}'1_}':) ¥2 Vo =1

Céc hé sb trong biéu thie (1) va (2) ¢o
dang [5]:
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Trong d6, 0 <n < 1 12 hé sb xét dén anh
huong ciia khong khi trong budng dét, m 1a hé
s6 suy bién cta hinh dang thudc den. Gid tri m
gid1 han trong khoang 0 <m < 3, gia tri m lon
dic trung cho thudc den hinh cau. Hé s truyén
nhiét o doi véi thanh cach nhiét c6 the lay o_
= 0,13 kJ.m/(s.K.kg) va ddi voi thanh thép o
= 0,42 kJ.m/(s.K kg). Hé sb v, dic trung cho ty
s6 nhiét d6 thanh budng ddt va san pham chay,
lay trong khoang 0,5 =~ 0,7.

B& mit ciia khong gian trudc loa phut
Ftl , bao gdm ca phan con cua loa phut, c6 thé
xac dinh tir biéu thuc F,= 2,5.n.D.? ‘/ 4 [5],
trong d6 D, la duong klnh trong cua budng dot.
Déi véi thuéc den, ta co: p_= 1750 kg/m’; Q_
= 3,06 MI/kg; k = 1,1; toc d chay trung binh
ctia thudc den u_~ 0,07 m/s; hang sO khi R =
250 J/(kg K). Co thé 14y hé sb suy bién cua h1nh

dang thudc den m = 2.

Vi du tinh toan khéi lugong thubc moi
loai JIPI1-2 cho dong co thi nghi¢m cé cac
thong s6: Ap suat l‘ém Viéc p,~ 9,0 MPa; duong
kinh trong cua budng dot D, = 0,04 m; Dudng
kinh’tiét dién tGi han cua loa phutd, = 9,008 m;
Thudc phéng RSI-12M hinh try mot 16, duong
kinh ng0a1 vatronglad =0,035m,d =0,014
m, chiéu dai thoi thude L =0,12 m; the tich tu
do ban dau cua budng dot W,,=0,1.10° m*[2].

Xac dinh thoi gian chay cia thude den
JIPTI-2 c6 bé day chdy e_= 0,002 m:

¢ =l 00024 g,
u 0,07
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Bé& mit ciia khong gian trude loa phut:

D * 0,04°
x —3 5
4

F,=25 =0,001
Tir (2), ap suat ma thiét bi moi can dam
bao:p_=0,4.p,=0,4.9,0=3,6 MPa.

Thay céc thong s6 ctia thuéc moi JIPII-
2 vao cong thuce (3), tim duoc gia tri cac hé )
nhu sau: A, = 0,628; ¢ = 0,306.106 J/kg.

Bo qua anh huong cua khong khi dén
qua trinh moi chay (n = 0), ta c6:

c,=73.10"; ¢,=2,55.107;
¢, =-5,8.10% ¢, =0,816.10°; y, = 2,4828.10’;
y,=-1,6883.10% y__ =2,0456.10°.

Thay cac hé s6 vira tim duoc vao (2),
thu dugc: Thoi gian dat ap sudt 16n nhit cia khi
th‘uéc‘m(k)i: £ = 6,72}.10*? (s); bé mit chay ban
dau can thiét cia thuoc moi: S_=2,85.10° m?;

mS =4,31.10"kg; m_=4,53.10"kg.

Két qua thir nghiém dong co véi cac
thong s6 nhu vi du tinh toan cho thdy: Vi khoi
luong thude moi 4,5.10°2 kg, dong co mdi chay
tin cdy, lam viéc on dinh, cac dic trung cua qua
trinh 1am viéc, hinh anh lam vi¢c ctua dong co
thé hién trén Hinh 2 [2].

00 THI AP SUAT

A e i

WAV

A

P
Sy T
] . '

| s s

1
1] i
] 61 0z 03 o4 o5 tis)

Hinh 2. Pong co trén gid thir va quy ludt thay doi
dp sudt trong buong dot

3. KET LUAN

Phuong phéap dugc gidi thi¢u ¢ trén co
thé sir dung dé tinh toan khdi lwong thudc moi
cho cac dong co tén lira nhién liéu ran, phuc vu
cho cac giai doan thir nghiém dong co.

Noi dung ctia phuong phap cho phép
danh gia anh huong cta mot s6 yéu té dén dic
trung cua giai doan mdi chay nhu thoi gian
chay cua thudc moi, thoi gian khi thudc moi
dat 4p suat 16n nhat, ... %
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