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This study addresses the question of how to determine the principal structural
parameters of pulsejet engines integrated into guided missile systems, given
the current lack of comprehensive domestic research on this topic. The
objective of the work is to develop an analytical model capable of providing
reliable estimations of key structural characteristics to support the design and
manufacturing of new-generation guided rocket munitions. An analytical
method was employed to formulate the model based on predefined tactical
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and technical requirements, including thrust, operating time, chamber
pressure, propellant mass, combustion chamber configuration, and nozzle
geometry. Using these inputs, the structural parameters of the pulsejet engine
were calculated and subsequently compared with publicly available technical
data for the pulsejet engine used on the ERINT missile. The findings
demonstrate a high level of consistency between the calculated results and
reference data, with only minor deviations observed in total impulse,
geometric dimensions, propellant mass, and maximum chamber pressure. The
results confirm that the proposed model provides a practical and reliable tool
for early-stage structural estimation of pulsejet engines. The study concludes
that the developed model can be effectively applied in the preliminary design
and modernization of guided rocket systems currently in operational use.

TINH TOAN MOQT SO THAM SO KET CAU CHU YEU CUA PONG CO
PHAN LU'C XUNG TRONG PAN TEN LUA

Pham Xuén Quyén
Hoc vién Ky thudt Qudn s

THONG TIN BAI BAO

TOM TAT

Ngay nhén bai: 15/7/2025
Ngay hoan thién: 26/11/2025
Ngay ding: 26/11/2025

TU KHOA

Micro dong co xung
bong co tén lra

Xung lyc riéng

Diéu khién dan tén lira
Dan duong tén lira

Bai bdo tap trung giai quyét cau hoi lam thé nao dé xac dinh cac tham so két

cau chu yéu cua dong co phan luc xung khi tich hop trén dan tén ltra c6 diéu
khién, trong bdi canh hién chwa c6 cong trinh trong nudc nghién ciru toan dién
vé van dé nay. Muc tiéu ciia nghién ciru 14 xay dyng mét mé hinh tinh toan co
kha ning udc lugng déang tin cdy cac dic trung két cau cia dong co phan lyc
xung phuc vu thiét ké va ché tao dan tén lira thé he¢ moi. Nghién cttu sir dung
phuong phép giai tich dé xay dung mé hinh xéc dinh cac tham s6 két cau dua
trén cac yéu cau chién thuat va ky thuat dau vao, bao gom lyc day, thoi gian
lam viéc, 4p sudt budng ddt, khdi lugng nhién lidu, ciu hinh budng dbt va loa
phut. Trén co s& d6, cac thong sd két cdu duoc tinh toan va so sanh véi s liéu
cong bd ciia dong co phan luc xung sir dung trén tén lira phong khong ERINT.
Két qua cho thdy d phu hop cao giita mo hinh va s6 liéu tham khao, véi sai
léch nho trong cac gia tri nhu xung luong toan phan, kich thude hinh hoc, khéi
lwong nhién liéu va 4p suat I6n nhét trong budng dét. Két luan cho thay mé hinh
d8& xuét c6 thé dugc sir dung nhu mot cong cu hiéu qua cho thiét ké so bo va cai
tién cac loai dan phan lyc co diéu khién trong trang bi.
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1. Giéi thi¢u

Hién nay, phan I6n dan phan luc c6 didu khién (BPLCDK) sir dung canh lai khi dong dé tao
momen diéu khién, dwa vao sy chénh léch 4p suat khi dong giita hai mat canh. Tuy nhién,
phuong phéap nay ton tai han ché khi yéu cau tao luc diéu khién trong thoi gian ngan hozc trong
diéu kién khong khi loing. Dé khic phuc nhugc diém d6, mét giai phap duoc quan tim 1a sir
dung dong co phan lyc xung (BCPLX) bé tri xung quanh than dan. Khi duoc kich hoat, cac
PCPLX tao ra ludng khi phut c6 phan luc truc tiép tac dong lén than dan, sinh ra lyc hoic
mdmen quay dan. Tuy nhién, hién nay trén thé gigi, phan I6n cac cong trinh méi chi dimng & viéc
cong bd hiéu suét cua dong co xung [1] — [3]. Tai cong trinh [4] — [6] cong bd dic tinh lam viéc
va phuong thirc kiém soat dong co xung trong diéu khién DPLCDK. Trong [7] c6 dua ra mot vai
thong s6 nhung khong dua ra cong thire tinh toan ra tham s d6. Céc gido trinh tai Vit Nam chi
dirng lai & viéc dua ra mot vai cong thire dé tinh cac tham sé dién hinh di véi dong co tén lra
[8]. Tai Vlet Nam, dén nay chua co cong trinh khoa hoc nao cong bd nghién ctru chuyén sau vé
céc tham s6 két ciu cua dong co xung, dan dén khoang trong déng ké trong hé théng 1y luan phuc
vu phat trién vii khi noi dia. Xuat phat tir thyuc tidn do, viée xay dung co so 1y thuyét va mé hinh
tinh toan cac thong s két cau cuia PCPLX trong PPLCDK 1a rat can thiét, mang y nghia khoa
hoc va thuc tién cao, gop phan phuc vu hiéu qua cho cong tac nghién cuu, thiét ké va cai tién cac
loai dan phan luc ¢ diéu khién trong trang bi.

2. Phuwong phap nghién ciru
2.1. Nguyén ly két ciu ciia dpng co phdin lwc xung

A >

i

te o SRS

. \ R]nf vure bo tri ﬂ
Hinh 1. DCPLX hinh cd‘zf: 1. Dé chdn thuée; 2. Thué:c phéng; 3. Thuoc moi; 4. Than vo; 5. Loa phut;
6. Mach dién kich né ting DCPLX; 7. Khoi nguon; 8. Vo; 9. DPCPLX; 10. Cap diéu khién
Tuong ty nhu cac dong co phan lyc khac trén dan, két cAu cua mot PCPLX (Hinh 1) thong
thuong co cac bd phan chinh nhu sau: Budng dot, loa phut véi nit bit loa phut, thuéc phong, thiét
bi moi, dé chan thudc.

2.2. Tinh todn cdc thong sé két ciu ciia DPCPLX
2.2.1. Cdc yéu cau doi véi PCPLX

PCPLX c¢6 yéu cau cao vé hoan thién cac ty sb 7kh(”')i luong, tin cay khi hoat dong, an toan trong
khai thac, su dung, cac dac trung ve luc day, luc day riéng, thoi gian lam viéc phai on dinh dé dam
bao dat duogc yéu cau diéy khiér} chinh xac, tic thoi. o

Mirc d6 hoan thién vé két cau cuia BPCPLX duogc dac trung bai hé so6 khoi Iwgng cua BPCPLX (
Qo) (ty s6 giira khoi lugng cua 1 DCPLX véi xung luong toan phéan cua lyc ddy cua no). Biéu
thac ¢6 dang:

m

T— )
[ Pdt

Mo: 14 khéi lwgng tong thé caa 1 DCPLX [Kg]; P : Luc day caa 1 DCPLX tai thoi diém bét ki
[kG]; 7,: Thoi gian lam viéc cua dong co [s]. Gid tri &y, cang nho thi mirc d§ hoan thién vé két

adcl =

cau cua dong co cang cao.
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~ Ngoai ra, dé danh gia mure d6 hoan thién két cAu nguoi ta con sir dung hé sb khéi luong két
cau cua 1 BCPLX, biéu thuc c6 dang:
0‘1 —_nl (2)
r r r r 4 mkc N
Gia tri h¢ so khoi lugng két cau doi vai dong co thuong khac nam trong khoang tir 2+0,3.
2.2.2. Lura chon céc tham sé theo yéu cau chién ky thuat
a. Quy luat thay ddi cuia luc day q
Luc day gan nhu khong thay doi trong thoi Ky lam viéc on dinh cua dong co, gia tri trung
binh: P;=220 [KG].
b. Thoi gian lam viéc cta dong co: 7, = 23 [ms].
c¢. Xung lugng riéng cua Iuchéy 7
Xung lugng riéng cua lyc day duge dung d€ danh gia hiéu qua cua nhién liéu va mirc d6 hoan
thién ve két cau cua dong co.

th.1
chat cua thudc phong, ap suét, nhiét do cua san pham chdy trong budng dot va nhiét do ban dau
cua lidu phong. Dong co tén lira nhién lidu rin (PTR) ndi chung, gia tri cua 1;=1800+2400
[Ns/Kag) [8].

d) Ap suét 1am viéc trung binh trong budng @t

Luu y khi lya chon ap suét lam viéc trong budng d6t can phai I6n hon ngudng cua su chay
khong hoan toan (pgn). Hién nay, phan 16n cac loai thudc phong dung trong DTR ¢6 ap suét gidi
han pg=1+2 [MPa] ddi véi thudc phong balistit va pg=0.2+0.5 [MPa] d6i véi thuéc phong hdn
hop co hoc [8].

Thyc té, phan 16n cac truong hop nén chon ap suit lam viéc cua san pham chdy trong bubng
d6t DTR nam trong pham Vi Py p=8+15 [MPa] dé dam bao dong co lam viéc on dinh. Péi voi
cac dong co yéu cau thoi gian lam viéc ngan tao ra luc day du I6n, vi du nhu DCPLX thoi gian
lam viéc khong qua vai chuc mili-giay dong thoi cung cap luc diéu khién du 16n dé co thé doi
huéng duge dan, hodc dong co trén dan Chong tang trang bi cho c4 nhan bin theo kiéu véc vai c6
thé chon ap suat lam viéc trong budng dét dén 60 Mpa hozc Ién hon [8].

2.2.3. Tinh khoi lwong nhién liéu trong mét DPCPLX

A 5 A A \ /. A 5 LA 5 _ da,l 5
Xung luong riéng cua luc day phu thude vao mirc 46 mé rong cua loa phut| f,, = , ban

T biéu thirc xac dinh xung luong riéng (xung lugng don vi cua luc day):

| __[0 F’dt~ P.r
B e
m

©)

nl.1 nl.1

N.s
kg
7, - thoi gian 1am viéc cua dong co, [s]; m_ , - khéi lugng nhién liéu trong mot DCPLX, [kg].

Trong do: |, - xung lugng riéng, [ J Ipdt - xung luong toan phan cua luc ddy, [N.s];

Tir d6 xéc dinh duoc biéu thic sau: m_ =2 - @)
1
Nhu vay tu yéu cAu vé luc déy, xung lugng riéng va thoi gian lam viéc ciia DCPLX, ta hoan
toan co thé xac dinh so bo khdi lugng nhién lisu m,, .
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2.2.4. Tinh dwong kinh méi PCPLX
Puong kinh trong cua budng d6t mdi DPCPLX (dtr.l) c6 thé x4c dinh duoc néu nhu biét trude

hé s6 dién day thé tich budng dbt (A) va khéi lugng nhién liéu cia dong co.
Goi 4 1 do kéo dai budng dét, chidu dai budng dét quy doi l1a:

‘ qu.l = A‘l'dtr.l (5)
Khi d6, biéu thirc xac dinh khdi lwong nhién liéu nhoi trong budng dét mdi DCPLX la:
r.d? z.d?
m,,= 4t 4 'qu.l'A'pnl = Tti/l.l.'A'pnl (6)

4.m
Tur d6 suy ra: dt l=3¢ (7)
r. 72 APy

Giatri A, va A caa budng ddt c6 thé cho truéc theo phuong phap thong ké.

Luu ¥ t6i diéu kién bén cta thanh budng d6t, néu coi budng dét 1a dng mong, d6 day than vo
cua BCPLX dugc tinh theo cong thuc:
S = pbd.max 'dtr.l (8)

| =
2.0'gh'l

Trong d6: Puy mex - 4P Suat cuc dai bén trong budng dét PCPLX; Oy~ 4O bén gi6i han cua
vit ligu ché tao than vo DCPLX. q
Ap suat cuc dai bén trong buong dot PCPLX dugc tinh theo biéu thic:
pbd.max = kcn'kt' pbd th (9)
Trong d6: K, — sai s6 nhiét d¢, phu thugc 16n vao nhiét d6 ban dau cia thude phong; K, — sai
s6 gia cong cong nghé, k,=12+14.
Tur do6 xac dinh dugc duong kinh than mot DPCPLX:

d,=dy 1+ (10)

2.2.5. Tinh chiéu dai buong dot méi dong co phan lic xung
Thé tich budng ddt cia mot PCPLX (Wl) dugc tinh tir chiéu dai budng dét quy doi:

2 3
z.d z.d
_ tr.1l _ tr.1l
1™ 4 qu.l T4 A (1)

Buong dbt thuc té cia DPCPLX duge chia thanh 2 phan, phan tru c6 duong kinh d tri va phan
con ¢ goc con y (Hinh 2). Goi L, va L_, I chiéu dai twong wng cua mdi phan, khi d6 thé

tich ciia budng ddt duoc tinh theo cong thirc:

2 2 2
z.d 1 |d d d, ,d
— tr - tr.1 cl tr.1¥c.1 12
Wy ==L 37| e g (12)
Moi lién h¢ gitra dc.lva Lc.l thong qua goc con y :
dc.l = dtr.l - 2.LC_1.tan ¥ (13)
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Mo phong qué trinh dét chiy thude phong 21
i trong DCPLX bing phin mém Ansys Fluent Acaemi

of e

Lba1

Hinh 2. Tinh chiéu dai buong dot

Te—

T cac biéu thiec (12) va (13), khi dd co cac tham s Ay 4.y VA cho trudc
LC; 1= ’?Z'dtr. 1 ta hoan toan c6 thé xac dinh duoc Ltr. 1 Tu do so bd xac dinh duoc chiéu dai
buong dot:

bod.1=Lratlea (14)
2.2.6. Tinh dwong kinh tiét dién t6i han loa phut

Ta c6 dién tich t&i han caa loa phut dugc tinh theo cong thuc:

.m
Fy 4 —154. 9Mnia (15)
, ~ Ppdib™
Hoac xuat phat tir cong thirc xac dinh lyc day P, [8]:
R =15Fn1Pod b (16)
Suy ra dién tich téi han cua loa phut:
R (17)

F, ,=—+
th.1
L5-Pod th
Tur d6 duong tinh tdi han loa phut dugc xac dinh theo cong thirc:

4
dth1 =% Fth1 (18)

Trong do: Pod th ap suét trung binh bén trong buéng dét DCPLX, [Pa]

2.2.7. Tinh dwong kinh cira ra loa phut

Dé tim kich thudc cira ra loa phut cua mot DCPLX, can phai cho trude do mé caa loa phut
f_ .. Khi do ta co dién tich cura ra loa phut dugc xac dinh:

Foi=f 1 Fas (19)
Suy ra duong kinh cua ra loa phut:
da.l = i'Fa.l (20)
w

2.2.8. Tinh chiéu dai loa phut

- Chiéu dai phan dudi 4m l, dugc tinh thong qua duong kinh trong cua budng d6t va duong
kinh tiét dién toi han:
|1 — dtr.l _ dth.l (21)
2tan g
Véi: B 1a goc thu hep ctia phan dudi am.
- Chiéu dai phan vuot am |, duoc tinh thong qua duong kinh tiét diét toi han va duong kinh
ctra ra loa phut:
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d, , —d
I — “al th.1 22
2 2tana @)
Vi o 12 goc mé cua phan vugt am, ‘
Tir cac biéu thirc (21) va (22) so bd xac dinh dugc chiéu dai loa phut:
L=k +1, (23)

2.2.9. Tinh chiéu dai than méi déng co phan luc xung

Sau khi xéc dinh dugc chiéu dai buong dbt (14) va chiéu dai loa phut (23), so' bd xdc dinh
dugc chiéu dai than moi dong co phan luc xung:

L =Loaat+Lpa (24)
2.2.10. Xung lwong toan phdn ciia le ddy ciia mgt PCPLX

l,=[Pdt=1.m,, (25)
0

3. Két qua nghién ciru va thio luin

Ap dung co so 1y thuyét dé tinh toan cho micro dong co xung ciia dan tén lira ERINT [7]. Céc
tham s6 dau vao vé luc ddy trung binh, thoi gian lam viéc cua dong co, hé sb dién day thé tich
budng ddt, d6 ma loa phut duge xac dinh trén co s tham khao cac thong sé ky thuat cia DCPLX
trén tén lira ERINT (Hinh 3). Cac tham sb con lai dugc xac dinh trén co s¢ phén tich dic diém
két ciu cua PCPLX hoic c6 thé cho trude theo phuwong phéap théng ké.

Hinh 3. DCPLX trén tén hia ERINT: 1. Thiét bj moi; 2. Buong dot; 3. Lép cdch nhigt;
4. Thuoc phong, 5. Tiét dién toi han, 6. Nut bit
Dua vao cac tham sé da lya chon va cac cong thuc tir (1) dén (25) dé tinh toan cac thong sd
ctia DPCPLX va danh gia két qua.
Tham s6 dau vao va két qua tinh toan dugc thé hién trong Bang 1 va Bang 2.
Bang 1. Bang tham sé dau vao ciia PCPLX trén tén lira ERINT [7]

TT Noi dung Ky hiéu Gia tri Pon vi
1. Luyc diy trung binh P 220 (kG)

2. Xung luong riéng cua lyc day I, 2370 (Ns/kg)
3. Thoi gian l1am viéc cuia dong co 7, 23 (ms)

4. Ap suat 1am viéc bén trong budng dot P o 60 (Mpa)
5. Do kéo dai budng dbt A 1,2

6.  Hé s6 tinh chidu dai phan con budng ddt ﬂ'z 1,2

7. Goéc con budng dot 4 13 (d0)

8.  Heé s dién ddy thé tich budng dbt A 0,6

9.  Khdi luong riéng thudc phong p; 1,6 (g/cm?)
10.  Gia tdc trong trudng g 10 (m/s?)
11. Do mé loa phut f,, 3,7
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T Noi dung Ky hiéu Gia tri Pon vi
12.  Goéc thu hep phan dudi am Ys; 73 (d0)
13.  G6c mé phin vuot am a 30 (d0)
14. .
Sai sb nhiét do ki 1.2
15. .
Sai s0 gia cong cong nghé kcn 14
16. . ) .
Ung suat giGi han cta budng dot (B95) Ogh.a 490 (Mpa)
17, Knéi lugng rieng vat liéu vo budng dét (B9S) o 2850 (Kg / m?)
Bang 2. Két qua tinh todn cdc thong sé két cau cho PCPLX cuia tén lira ERINT
T Noi dung Cong thirc Gia tri Don vi
. P
1. Khoi lugng nhién liéu M= |_1 N 21,35 (9)
1
\ ; A £ _ 4'mnl.l
2. Puong kinh trong budng d6t dtr_l = 3[——————— 28,7 (mm)
T ﬂlAp nl
3 ?é)t suat lon nhat trong buong Pog max = kcn kt Pog o 1008 (Mpa)
P d
4. Do day than vo 6, = —max el 3,0 (mm)
2.0'gh_l
5. Puong kinh than PCPLX d,=d,,+29 34,6 (mm)
2 2
6. Thé tich budng dbt W, = Lo Loz = 7y A 222398  (mmd)
4 ' 4
7. Chiéu dai phan con budng dét L., =A,.d, 34,5 (mm)
8. Duong kinh nho phan con d.,,=d,,—-2L .tany 12,8 (mm)
7 ‘ o 1 d.° d, d.,d
9. The tich phan con buongdot ~ W_, == 7( tr.l el 4 i cl) L, 12197,1 (mm®)
-3 4 4 4
10. Thé tich phan try budng ast ~ W, , =W, -W_, 10042,7  (mm°)
S0 dai ohin tru budng d& _ AW
11. Chiéu dai phan tru buong dot L[ri = > 15,5 (mm)
ﬂ-'dtr.l
12. Chiéu dai budng dbt Lg.=L.+L, 50,0 (mm)
, R 2
13. Dién tich tiét dién téi han Fhi=——7 24,4 (mm?)
1,5 Poa
N S 4
14. Puong kinh tiét dién tGi han dth 1= fa l_Fth 1 5,6 (mm)
: PR .
15. DPuong kinh cu 1 h d 4 4 f 20,6
. Buong kinh cira ra loa phut a1l = ;_Fal1 = ; a1-Fina , (mm)
16. Chiéu dai phan duéi am , = Girs — Ay 35 (mm)
2tan g
5 ) d,,—d
17. Chiéu dai phan vuot am |, =—2l —thi 13,1 (mm)
2tan o
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T Noi dung Cong thirc Gia tri Pon vi
18. Chiéu dai loa phut Lo, =L+, 16,6 (mm)
19. Chiéu dai than PCPLX L =Ly, + Ly, 66,6 (mm)
Xung lugng toan phan ctia luc ‘
20 iy = [ Pdt=1.m,, 5060  (KG.S)
Bang 3. Cdc théng s6 ky thugt thuc té ciia PCPLX trén tén lira ERINT [7]
T Noi dung Gia tri Pon vi
1. Xung luong toan phan cia lyc day 5,076 (kG.s)
2. Trong luong nhién liéu 21,4 (9)
3. Chiéu dai than 65 (mm)
4. Duongkinh . ) 35 (mm)
5. Ap suat Ién nhat trong buong do6t 100 (Mpa)
6.  Trong lugng dong co (khong c6 nhién ligu) 41 (9)

Két qua tinh toan nhan dugc tai Bang 2 cho thdy mtc do tuong ddng cao véi cac thong sb
chién — k¥ thuat do nha san xuit cong bd (Bang 3). P sai 1éch giita cac gia tri tinh toan va gid tri
tham khao ndm trong gi6i han cho phép, cu thé: Xung lugng toan phan cua luc day: 0,3%; Khi
lugng nhién liéu: 0,2%; Chiéu dai than dong co: 2,4%; Puong kinh ngoai: 1,1%; Ap suét 16n
nhét trong budng chay: 0,8%.

4. Két luan

Bai béo di tién hanh phan tich ddc diém két cdu cia PCPLX tng dung trén DPLCDK, dong
thoi chi ra céc yéu tb can luu ¥ trong qué trinh thiét ké DCPLX so vdi cac loai dong co khac nhu:
dong co phong, dong co ting tc, dong co hanh trinh,... Trén co so cac yéu ciu chién — k¥ thuat
dau vao, bai bao da xay dyng mo hinh tinh toan cac thong s6 két ciu co ban cua DPCPLX, lya
chon mét truong hop cu thé dé tién hanh tinh toan thir nghiém. Két qua cho thiy muc do phu hop
cao voi sd liéu thuc té. Khi ap dung mo hinh cho cAu hinh PCPLX trén tén lira ERINT, sai sd
giita két qua tinh toan va thong s6 tham khao nam trong pham vi cho phép. Két qua dat dugc co
thé dugc str dung lam co s 1y thuyét cho viée tinh toan két ciu dong co phan luc xung trong qua
trinh nghién cuu, thiét ké va ché tao cac loai PPLCPK thé hé méi, cling nhu phuc vu cong tac céi
tién, hién dai hoa cac dong dan hién c6 trong bién ché trang bi. Hon thé nita, két qua nghién ctu
nay mo ra hudng nghién ciu tiép theo nhu xay duyng mé hinh phi tuyén, phi 6n dinh theo thoi
gian sir dung phuong phap CFD hozc mé hinh héa dao dong bang phuong phép Volterra hoic
Harmonic Balance nham danh gia chinh xac hon sai s6 cia PCPLX.
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