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TOM TAT

Bai bdo trinh bay két qud xdy dung mé hinh thudt phéng trong ciia hé ngu 16i - gian phong c6
ba buong lam viéc. Duya vao mé hinh nay, da xac dinh dwoc cac dac trung thudt phong nhuw quy
ludt thay doi ciia ap sudt trong cdc buong va vin toc chuyen dong cua ngu [6i theo thoi gian va
quéng dwong chuyén dong trong ong phéng. Theo do, buong 1 la noi chiu dp sudt 16n nhdt la 114
kGlem? buong 2 la 43 kG/em?, buong 3 la 19,5 kG/em?, vin toc ngw 16i khi ra khoi miéng ong
phéng la 37,2 m/s. M6 hinh nay ciing cé thé dwoc sir dung dé tinh todn thiét ké lieu phong cho ngu
16i theo nhitng yéu cau chién — kjj thudt cu thé.

Tir khoa: Thuat phong trong; Ngu 16i; Budng dbt; Gian phong.
1. MO DAU

Trong bi canh hién nay, bao vé chu quyén bién gidi va hai déo 13 wu tién hang dau cua Pang,
Nha nudc va Bé Qudc phong. Dé nang cao sirc manh quan doi, ddc biét 1a luc luong Hai quén, Viét
Nam d3 dau tu 16n vao trang bi hién dai nhu tau chién ¢ 16n, tau hd vé tén ltra va cac vii khi kém
theo,... Trong s6 cac loai vii khi trén tau, ngu 161 1a mbi de doa 16n ddi véi bét cr tau chién nao, vi
thé, nhiéu nudc trén thé gisi dang tap trung vao phat trién theo hudng ting tam ban va do chinh xac.
Hién nay, trong nude dang nghién ctru ché tao liéu phong cho ngu 161 dugce ban tir gian phong ¢6 3
budng lam viéc. Py 13 san pham ché tao méi, khong theo mau do do viéc nghién ctru dac tinh lam
viéc cua liéu phong va ngu 16i nhim hoan thién phuong an thiét ké 1a van dé mang tinh cép thiét,
cu thé 1a xay dung mé hinh thuét phong trong ctia ngu 16i trén gian phéng c6 ba budng lam viéc.

Hién nay, trong nudc da ¢ nhitng nghién ciru vé viéc xay dung mé hinh thuat phong trong cho
céc gian phong ngu 16i v6i hai budng 1am viée, cling nhu mé hinh thuét phong trong cua vii khi khi
dong [3]. Tuy nhién, d6i voi mé hinh thuat phéng trong cua gian phong ngu 16i 3 budng lam viéc,
day 1a mot nghién ciru méi do c¢6 thém mot budng tich ap. Diu nay 1am cho qué trinh nghién clru va
xay dyng mé hinh thuat phéng phong phirc tap hon. So vai hé chi c¢6 2 budng lam viéc, can phai bo
sung cac phuong trinh mo ta qua trinh trao doi khi ciia budng ddt va dng phong véi budng tich ap.

2. MO HINH BAI TOAN THUAT PHONG TRONG
CUA GIAN PHONG NGU LOI CO BA BUONG LAM VIEC

2.1. Nguyén ly hoat dong ciia gian phong nguw 16i c6 ba budng 1am viéc

Luc chuén bi, ngu 16i (2) dugc nap vao ong phong (1) va dugc ¢d dinh chic chan nho co céu
ham. Sau do, cac thong s6 hoat dong can thiét theo timg loai ngu 161 s& duoc cai dat bao gdm co
cAu dit hudng va co céu dit d6 siu v.v. Tiép theo, liéu phong ngu 16i duoc lip vao budng 1.

Khi b‘z“'m, co c‘a‘iu diém hoa (6) bao gém nam cham dién va kim héa hoat,d(f)ng dé }dch hoat hai
b Ira ndm ¢ phan cudi cua liu phong. B Iira sau khi dugce kich hoat s€ dot chay liéu moi, tir d6

moi chay lidu thude phong. Mot phan nho cua khi thudc theo cac ong dan di dén cac dau thu cia
co cAu dit hudng, co cdu dit d6 sau va co cdu him ngu 16i. Phin 16n khi thudce con lai qua loa phut
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chay sang budng tich ap — budng 2 (3). Khi budng tich ap dat ap suét du 16n thi mang ap suét bi

pha v&, cho phép khi thudc chay sang 6ng phong — budng 3 (1). Khi ap suét trong dng phéng 16n

hon 4p téng dan thi ngu 16i (2) bit dau chuyén dong va dat tbc do 16n nhat khi roi khoi dng phong.
1 2 3 4 5 6

N L
[
H[nh 1. Hé thong gian phong ngu 16 c6 3 buong lam vigc:
1 - Ong phong; 2 — Ngu 16i; 3 — Buong tich dp; 4 — Liéeu phong;
5 — Buong dot (buong 1); 6 — Co cau diem hoa,; 7 — Buong 3.
2.2. Cic giai doan qua trinh phéng ngw 16i trong gian phéng c6 ba budng lam viéc
Céc giai doan qua trinh phong ngu 16i trong gian phéng c6 ba budng 1am viée duoc biéu dién
0 hinh 2.

) T

| b
c)

Hinh 2. Cdc giai doan qud trinh phéng ngu 161 trong gian phong cé ba buong lam viéc
a) Tai thoi diém t =0; b) Tai thoi diém t; ¢) Thoi diém nguw 161 bdt ddu ra khéi ong phong.
1 - Liéu phéng; 2 - Buong dot; 3 - Buong tich dp; 4 - Ong phong; 5 - Ngu [6i.

- Giai doan 1: B Iira lam viée moi chay 1iéu‘m(‘3i, liéu moi chay tao ap sgét trong budng dot
khoang 60 kG/cm? dong thoi moi chdy toan bo liéu phong va 1am bung nap liéu phong.

- Giai doan 2: Liéu phong chay tao ra khi thuéc,’khi thude tir buéng d6t chay sang budng tich
ap. Khi khi thuoc dién day buong tich ap thi khi thuoc chay sang ong phong.

- Giai doan 3: Tai thoi diém t, khi ap suét tai budng 3 dat ap suét tong dan pq = 9 kG/cm? thi
ngu 161 bat dau chuyén dong.

- Giai doan 4: Thoi diém ngu 16i roi khoi 6ng phong thi van toc ngu 16i dat 16n nhat voi so toc
Va. (khong tinh giai doan tac dung sau cung cua khi thudc).

_3.MO HINH TOAN HQC THUAT PHONG TRONG
CUA GIAN PHONG NGU LOI CO BA BUONG LAM VIEC

3.1. Cac gia thiét chinh

- Thpéc moi chdy tirc thi, dam bao mdi chay tin cay téflt ca cac bé mit chay ciia thudc phong ap suat
khi thudc trong buong 1 tai thoi diém t = 0 bang ap suat moi ( P1 = Pmoi);
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- Thudc phéng chay theo quy luat hinh hoc véi tdc dd chay tuan theo quy ludt ham s6 mii: u =
uip¥ [2];

- Toan b lidu thude chay trong diéu kién méi trudng 6 ap suat nhu nhau va bang ap suit trong
buong 1 (p1);

- Thanh phén san pham chay khong thay doi trong sut thoi gian lam viéc;

- Tai thoi diém ap suat khi thudc trong buong 3 dat gia tri ap sudt tong dan (ps = p), ngu 16i
bat dau chuyén dong;

- Ong phong khi ban ¢ trang thai nam ngang. Ngu 16i chuyén dong dudi tac dung ciia ap suat
trung binh trong budng 3 (ps);

- Nang luong khi thube dung dé népg truc chinh cta co qéu dat hudng, co cAu dat do sau va cit
chdn cda cac by ham la khong dang ké so vdi nang lugng liéu phong sinh ra trong qua trinh chay.
3.2. Céac phwong trinh vi phan thuét phéng trong ciia gian phéng ngw 18i c6 ba budng lam viéc
3.2.1. Ky hiéu cdc dai luong

- Vi, Voz, Voz 1an luot 13 thé tich ban dau cac budng 1, 2, 3;

- V1, V2, V3 lan luot 1a thé tich ty do ctia budng 1, 2, 3;

- F12, Fa3 14n luot 14 dién tich 15 thong khi giita cac budng 1 va 2, budng 2 va 3;

-m, Pu, @ 1an luot 1a khi luong ngu 161, ap sut téng dan, hé s6 tinh cong thr yéu;

- v, | 1an luot 13 tbc d6 va quing dudng chuyén dong cia ngu 16i trong 6ng phong;

- o, pr lan luot 1a khdi lwong va mat do thude phong;

- @1, € 1an lugt 1a bé day chay ban déu ciia thudc phong, bé day thudc chay;

- S 1a dién tich bé mit chay cta lidu phong;

Ty a Rk, ey Cp lan luogt 1a nhiét do chay, cong tich, hang sb khi, nhiét dung déng tich va
dang 4p cuia khi thudc;

-U, Uy, V, kr, Kw 1an luot 1a tbe d6 chay va cac hé sb trong biéu thirc toc do chay (U);

- Tod, Thac 1an luot 1a nhiét do ban dau cua thude phong va nhiét do ban déu tiéu chuan;

- ®moi, fmoi, Pmoi lan luot 1a khdi lugng, luc thude phéng cia thube méi, ap suét méi;

- Mgsk1la lugng khi sinh ra sau thoi gian t cia qua trinh chay;

- Mug.12, Mud2s 1An luot 1a lugng khi trao doi gitra cac buéng 1-2, 2-3;

- 2 12 ké s6 t6n that luu lugng khi;

- Ko(K) 1& ham cua chi s6 mil doan nhiét ciia khi thudc;

- lird.12, lira2s 1an luot 1a entanpi trao ddi cua khi gilra cac buéng 1-2, 2-3;

- M1, My, M3 1an luot 1a khéi luong khi trong cac budng 1, 2, 3;

- Tia, Tkz, Tks 1an luot 14 nhiét do khi thude trong cac budng 1, 2, 3;

- P1, P2, P3 1an luot 14 ap suat khi thude trong cac budng 1, 2, 3.

3.2.2. Cdc phwong trinh mé ta hién twong bdn
3.2.2.1. Trong buong 1
- Phuong trinh chdy va tao khi cua lidu phong [1]:

de 0 khie>eg

dt |u khio<e<e @)
dmg, ,
—%I _gy 2
it Pr (2)
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Trong d6: u= f(p)f,(T, )W, ); Ham f(p)=u,p" mo ta quy ludt tdc do chay theo ap suat;
Ham f,(T,,) =[1—Kk; (T,q —T,.)] 'mO ta hé sé anh huéng cua nhiét d¢ t6i toc do chdy; Ham
(W) =1+k, W, md ta anh huéng x6i mon do dong khi trén bé mit théi thude.

- Phuong trinh biéu dién luu lugng trao doi khi gitra budng 1 va budng 2 [1-3]:

+ Khi p, > p, (khi chay tir budng 1 vao budng 2):

k.
o,K, (K)F, p, khi 1S&2kgh :[k +1jkl
RT,, P, 2
Myg1p = 2 kil (3a)
2FaPy | 2K (&jk —(&j ki 1< Pck,
RTk1 k-1 Py Py P,
1
, 2 k1 2k , s A .
Trong do, K, (k)= — —— la ham cua chi s0 mii doan nhiét.
k+1 k+1
+ Khi p, < p, (khi chay tir budng 2 vao budng 1):
_qDZKO(k)FlZ p2 khi 13&2kgh
RT,, Py
Myg10 = % % (3b)
_PeFaPe | 2K [&j —Eﬂj khi 1< <k,
RTkz k-1 P, P, P,

- Phuong trinh bao toan khdi lwong khi trong budng 1 [3]:
My =My, =My, (4)

- Phuong trinh bao toan ning luong trong budng 1 [1-4]:

dT, 1 dm dm, 1 di
dO=dU +> dL » —K=-— k1 T _ = T
Q Z ml( gt T4t o, dt ] (5)
Trong do:
1< % <Kgp
F
dU =d(m,.c,T,)=c, (dm T, +mdT,,)
ZdL = dltrd 12 = dmtrd.lz.cp.Tkl khl pl 2 pZ
' dmy, ,.C, T,  Kkhip, <p,
- Phuong trinh trang thai khi trong buéng 1 [1-3]:
m,RT,
pV,=mRT, — p = lv—kl (6)
1

—-m
Trong d6: V, =V,, — O~

—am,.
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3.2.2.2. Trong buong 2
- Phuong trinh biéu din luu lugng trao ddi khi gitta budng 2 va budng 3:
+ Khi p, > p, (khi chay ti budng 2 vao budng 3):

2, Ko (K)Fos P khi1<2 >k
RT,, ps "

M Ean, |2 ([ (B)F | e 7o
b |2 (p_zj _LEJ khi 1< 22 <k,

+ Khi p, < p, (khi chay tir budng 3 vao budng 2):

K, (K)F ;
P o( ) 23 Ps khi 1S&2kgh
RT,, P2
Myq 23 = E 2K % % (70)
_Pys p3. (&j _[&J khi 1£&<kgh
RT,; \[k=1|{ ps Ps P,

- Phuong trinh bao toan khdi lwong khi trong budng 2:

M, =My 1, =My (8)
- Phuong trinh bao toan nang lugng trong budng 2 [1-4]:
dT, 1(1dl dm, 1 dl
dQ=dU + > dL—» —k2 = — | — —wdi2 T b _ 2 Olyass
? 2 . m, (CV d  ““dt ¢ dt j ©)
Trong do:
dQ=dl

du =d(m,.c,T,)=c,(dm, T, + m,.dT,,)

ZdL:(“ _ dmtrd.ZS'Cp'Tkz khi p, > p,
trd 23 dm,, 3, T3 Khip, <p,

- Phuong trinh trang thai khi trong budng 2:

m,RT,
PV, =m,RT, — p,= — (10)
V2
Trong do: V, =V, —a.m,.
3.2.2.3. Trong buong 3
- Phuong trinh bao toan khdi lwong khi trong budng 3:
My =My 5 (11)
- Phuong trinh bao toan ning luong trong budng 3:
dT, 1(1 dl dm, 1 dv
dQ=dU+>dL » —K¥=—| - x5 _T - — pmv—
< 2 dt  m, [cv at  “at ¢’ dtj (12)
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Trong do:
dmtrd.23 'Cp'Tkz khl p2 2 p3
dmtrd.ZS'Cp' k3 khl p2 < p3

dQ=dl Z{
dU =d(m,.c, T,s) =c, (dm, T, +m,.dT,;)
2
> dL=d % = pmvav

- Phuong trinh trang thai khi trong budng 3 [1-4]:

m,RT,
PV =m;RTy; — PV, = 3V < (13)
3
Trong do: V, =V, +S,.| —am,.
- Phuong trinh chuyén dong cua ngu 16i [1, 3]:
0 khip,<p,
av_Jg (14)
at |22 khi p> p,
m
dl
—=V 15
pm (15)

4. GIAI BAI TOAN THUAT PHONG TRONG
CUA GIAN PHONG NGU LOI CO BA BUONG LAM VIEC

4.1. Céac tham sb dau vao ciia bai toan thuit phéng trong

H¢ cac phuong trinh (1)+(15) dugc giai theo phuong phap ‘S(A,) trén Matlab dung ﬁé xac dinh cac
dac trung thudt phong trong cua gian phong ngu 16i c6 ba buong lam viéc. Cac di€u kién ban dau
12:1= 0 Py = Proi s €=€3 S=Sg5 Mgy =My o3 My =My 55 My =My ;Mg =My 3 My 15 =0
s Mg 23 =05 Tep =Tka 07 Tp =293K 5 Ty 3 =293K ; v=0; 1=0.

Liéu phong ngu 16i dugc thiét ké gdm 4 thoi thude hinh sb 8 va 1 théi thude hinh try. Véi kinh
thudc va hinh dang va cach bo tri nhu hinh 3:

Bl

o T P P P R TS
nevsiesiineisinssfisleiolesiviedsiviisiviols:

#3608
2402

Hinh 3. Cdu tao liéu phéng:
a) Théi thuoc hinh s6 8; b) théi thuoc hinh tru; ¢) cach sap xép trong liéu phéng.
Quy luat chay cua cac thoi thude phong:
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- Thoi thude hinh tru’chéy khong d6i trong sudt qua trinl}, chay theo quy luat hinh hoc véi bé
day chay 2e; = 9 mm. Toc d§ chay tuan theo quy luat ham s6 mi: u = usp".

- Théi thudc phong hinh sb 8 chay theo 2 giai doan (hinh 4):

+ Giai doan 1: Chay dinh dién theo quy ludt hinh hoc voi bé day chay 2e; = 9 mm.

+ Giai doan 2: Tai thoi diém t théi thudc phong hinh s6 8 chy hét voi bé day chay 2e1 =9 mm.
Phan ra thanh 2 manh nhu hinh b va tiép tuc chay giam dién cho dén khi hét hoan toan.

Hinh 4. M6 td qud trinh chéy cia théi hinh sé 8:
a) Thoi diém t=0 bdt dau giai doan 1; b) Két thiic giai doan 1, bdt ddu giai doan 2.

Pé chirmg minh d6 tin ciy ctia mé hinh thuat phong trong vira xay dung, tac gia tién hanh xac
dinh dic trung thut phong trong d6i voi hé ngu 16i - gian phong cé ba budng lam viée c¢6 cac
thong s6 dau vao tham khao tir mot loai ngu 16i trong thuc té: Khdi lwong thude phong trong lidu
phong o = 3000 g; Thé tich ban dau ciia budng 1 Vor = 4,41.10° m3; Dién tich tiét dién ngang 15
loa phut 12 Fi,= 1,146 .10® m?; hé s6 mil doan nhiét k = 1,22; Hé s cong tich khi thudc « =
0,85.10"° m3/kg; Luc thudc phong f = 884.000 J/kg; Nhiét do chay cia thude phong Ter = 2600°C
[5]; Khi lugng riéng ctia thude phong o = 1590 kg/m?; Hé s6 te do chay us = 1,37.10° m/s/Pa;
Chi s6 mil trong quy lut téc do chay v =0,56; Hé s6 ton hao khi dong khi chay qua 15 thong giira
cac budng ¢, = 0,98; Hang s khi thudc R = 340 J/(kg.K); hé s6 trong biéu thirc ham x6i mon ky =
15.10° s¥/m?; Ap suit moi thubc phong p.a = 60 kG/cm?; Thé tich ban diu cua budng 2 Vo, =
24,49.10° m?; Dién tich tiét dién 16 thong gitr budng 2 voi budng 3 Fzz = 2,884.103 m% Thé tich
ban dau ctia budng 3 Vos = 438,96.10° m3; Khéi lwong ciia ngu 161 m = 2330 kg; Tiét dién ngang
ctia ngu 16i Sp= 22,43.102m?; Quéang dudng chuyén dong ctia ngu 16i trong dng phong /= 4,91 m;
Ap suit tong dan p.s = 9 kG/cm?; Hé s6 tinh cong tht yéu ¢ = 1,0.

4.2. Két qua tinh toan bai toan thuit phéng trong

Duya trén db thi quy luat thay ddi ap suat khi thudc trong budng 1, budng 2 va budng 3 theo thoi
gian (hinh 4), ta nhan thiy ap suat khi thudc trong budng 1 ting rat nhanh tir p,.s= 60 kG/cm? dén
gi4 trj 16n nhit pimax = 113,9 KG/cm? tai thoi diém t = 0,028 s, cung lic d6 xay ra qua trinh trao
doi dong khi gitra budng 1 va budng 2 qua loa phut. Tai thoi diém t =0 ,0556 s, ap sut budng 2
dat gia tri 16n nhat Pamax = 43,0 kG/cm?, dong thoi tai thoi diém d6 ap suét tai budng 3 1a p3 = 9
kG/cm? dat 4p sudt tong dan thi ngu 16i bit diu chuyén dong, ngu 16i chuyén dong nén khoang
khong gian sau ngu 16i ting cing véi do thé tich tu do tai buong 3 tang nhung do vén téc chuyén
dong cua ngu 161 trong gian phong nho hon rat nhiéu so voi toc d6 trao d6i khi giit budng 2 va
buong 3, do d6 ap suét ctia budng 3 tlep tuc ting va dat gia tri 16n nhét pamax = 19,5 kG/ecm? tai thoi
diém t = 0,1556 s. Qua trinh chay tiép tuc xdy ra dén thoi diém t = 0,3175 s thi ngu 16i di ra khoi
6ng phong.

Duya trén do thi quy luat thay doi van tdc clia ngu 10i trong gian phong theo thoi gian (hinh 5),
ta nhan thiy & giai doan d4u ngur 16i chwa chuyén dong do 4p suét khi thude ¢ budng 3 chwa dat ap
suét tbng dan, & t = 0,0556s ngu 161 bit ddu chuyén dong va dat van tdc 16n nhat vimex = 37,20 m/s
tai thoi diém t = 0,3175s ciing 1a thoi diém cudi hanh trinh chuyén dong ctia ngu 16i trong long
dng phong.
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a) b)
Hinh 5. Két qua tinh toan bai toan thudt phong trong
a) Do thi quy ludt dp sudt khi thuoc trong buong 1, buong 2 va buong 3 va van toc ngu [6i theo
thoi gian; b) D6 thi quy ludt dp sudt khi thudc trong buong 1, buong 2 va buong 3 va vdn toc ngu
16i theo quang dwong chuyén dong ciia ngu I6i trong long ng phong.

5. KET LUAN

M0 hinh thuat phong trong duoc xay dung da phan anh day du cac qua trinh xay ra trong gian
phong ngur 161 ¢6 ba budng lam viée. Véi cac gia thlet va tham s6 dau vao ciia bai toan thi két qua
tinh toan ra dwoc ap suit budng 1 13 noi chiu 4p suat 16n nhat 1a 114 kG/cm? budng 2 14 43 kG/cm?,
bu6ng 31a 19,5 kG/cm?, van toc ngu 16i khi ra khoi mi¢ng 6ng phong 1a 37,20 m/s . M0 hinh nay
c6 thé duge s dung d€ xac dinh céc thong s6 cua li€u phong méi nhu mac thude phong, hinh dang
va kich thude cac thoi thudc phong, khéi lugng heu phong dé dap ung yéu cau chién k¥ thuat dé
ra (4p suit cho phép cua cac budng lam viéc, so toc cua ngu 16i,...).
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ABSTRACT
Developing an internal ballistic model for the torpedo launchers with three working cavities

The paper presents the scientific basis for developing an internal ballistic model for the
torpedo launching system with three working cavities. Based on this model, characteristics
of the launch process, such as the pressure variation in each compartment and the torpedo's
velocity over time, have been determined. Specifically, Compartment 1 has the highest
pressure of 114 kg/cm?, Compartment 2 has 43 kg/cm?, and Compartment 3 has 19,5 kg/cm?2.
The torpedo’s velocity upon exiting the launch tube is 37,20 m/s. This model can also be
used to calculate the propellant charge for torpedoes according to specific operational and
technical requirements.

Keywords: Torpedo; Internal ballistics; Combustion chamber; Launcher.
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