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Toém tit

Tur khoa: Trén co s& phén tich hoat dong ctia b phan hut khoi ctua phao trén
Phio 100mm J{10-T2C; Thuat xe, bal,baovda trinh ba;i mot Phu’o‘ﬂng p}lap xay d}l’ng md hlnl} tOfll’l xac

héne t - Thiét bi hat khoi: X dinh cac dac trung thudt phong cua cac loai phao trén xe ¢6 str dung
phong wong, ThIct bl hut KNoL, A¢ thiét bi hat khéi. Mo hinh méi thanh 1ap duoc 4p dung dé giai cho

tang T55. phao 100mm J{10-T2C trén xe tang T55. Két qua nghién clru cua bai
bao phuc vu tryc ti€p cho qua trinh tinh toan thict ké bd phéan hut khoi
trén phao.
Abstract

Keywords: On the basis of analyzing the performance of the bore evacuator, the

paper presented a method of building mathematical model to
determine interior ballistics characteristics of cannonsmounted on
vehicles using bore evacuators. Newly established model were
applied as solutions for 100mm /110-T2C cannon on T55 tanks. The
research results of the paper served directly for the process of
designing and calculating bore evacuators on cannons.

100mm JI10-T2C cannon, Interior
ballistics, Bore evacuator, T55
tanks.

Ngay nhén bai: 31/7/2018
Ngay nhan bai sira: 05/9/2018
Ngay chap nhan dang: 15/9/2018

1. GIOI THIEU CHUNG

B¢ phén hat khoi cua cac phdo trén xe tang hoat dong theo nguyén ly trich khi. Khi dau
dan qua céc 16 trich - xa khi, khi thudc trong nong trao do6i voi buong khi. Khi dau dan ra
khoi nong, ap suit trong nong bang ap suat khi quyen khi d6 ap suat trong budng khi kha
16n. Khi thudc qua cac voi phun phut vé trude vaoi toc do 16m, tao ra phia sau n6 mét vung ap
suit thap. Do do khi thudc trong nong va budng dan dugc cudn ra ngoai véi sd lugng dang
ké, lam glam nong do khi thuoc trong khoang chién d4u cua xe, tranh ngd doc cho phao thi
cing nhu giam kha nang xudt hién ludng lira nguoc khi md khéa nong trong trudng hop khi
thudc chua chay hét.
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Hinh 1. M6 hinh vt Iy cia phéo trén xe tang ¢6 st dung b phén hat khoi
1. Thudc phéng; 2. Pau dan; 3. Nong phao; 4. Vién bi; 5. Budng khi.

Viée xéc dinh quy luat thay doi cac dic trung thuat phong ctia phao va budng khi c¢6 ¥ nghia
hét stic quan trong trong vi€c tinh todn thict ké cac chi tiét thuec by phan hut khoi ctua cac loai
phdo trén xe. M6 hinh vat ly ciia bo phan hut khoéi cua cac phao trén xe dugc bi€u dién trén hinh 1.

2. NOI DUNG BAI TOAN
2.1. Xay dung phwong trinh vi phin thuit phong trong
2.1.1. Cdc gid thiét

- Thubc phong chay theo quy luat hinh hoc va quy lut tdc do chdy 1a tuyén tinh mot sb
hang: u = uip;

- Thudc phéng chi chay trong long nong, thanh phan san phdm chay khong thay ddi trong
sudt thoi gian xay ra hién tuong ban;

- Cac cong thir yéu cua khi thubc déu ty 1¢ véi cong chi yéu lam dan chuyén dong tinh tién
va duoc tinh dén boi hé sb tang ning ¢;

- Toan bo liéu thudc chiy trong diéu kién moi trudng ¢ ap sudt nhu nhau va bang ap suét
thuat phong;

- B qua ton that nhiét trong long nong va buong khi;

- Tai thoi diém 4 ap sut khi thudc dat ti ap suét tong dan py, dai dan duoc cit mot cach tirc
thoi va dan ciing bit dau chuyén dong.

2.1.2. H¢ phwong trinh vi phdn thudt phong trong

Khao sat cic qua trinh xay ra ctia hién tuong bin tai thoi diém 7. Khi d6 ta c6 thé xay dung
dugc hé phuong trinh vi phdn mo ta tinh quy luat cua cac qué trinh nhu sau:

a. Cdc phwong trinh biéu dién quy ludt chéy va tao khi

& | L o<e<y);

==11 1
” K (1
0 (>t,);
2 dz
d_(//_ y(+2Az+3uz )E (0<t<t)); )
@ o (t>1,);

Trong do: I, - xung luong ap sudt khi thudc trong thoi gian thudc phong chay; v - luong
thuc phong chay twong d6i; y, A, 14 - 1a cac dic trung hinh dang ciia thudc phong; z - 1a bé day
chay tuong dbi tinh dén thoi diém dang xét; ; - thoi diém thudc phong chay hét.
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b. Cdc phwong trinh chuyén dong cia dan

dl [0 (0<t<t)
= 3)
dt |v (t>t)
. 0 (0<t<t)
1%
= = 4
dt S”_p (t>tu) ( )
pm,

0 day: ¢ - hé s6 tinh cong th yéu, theo [2]: p =k + %2; v,m, - van tdc, khdi luong dan;
q

Ppo- ap suét tong dan; 7)- thoi diém dan dugc tong hoan toan vao 1ong nong, khi p = py; S, - dién
tich tiét dién ngang cua long nong.

c. Phwong trinh biéu dién quy ludt thay déi dp sudt khi thudc trong long nong
Phuong trinh biéu dién quy luat thay ddi 4p suat khi thude trong long nong duoc xac dinh
dua vao dinh ludt bao toan khoi lugng va phuong trinh trang thai khi thu6e trong 1ong nong c6
tinh dén khoi lugng khi thudce trao doi gitra long nong va buong khi.
Phuong trinh bdo toan khoi lugng khi trong 1ong nong cé dang:
M = m-+ mpy )

Trong do6: m, - khdi lwong khi thude sinh ra do qué trinh chay sau thoi gian #; m - khoi
lwong khi thudc con luu lai trong 1ong nong tai thoi diém £ mpy - khdi lugng khi phut tir long
ndng sang budng khi. )

Phuong trinh trang thai khi thudc trong long nong:

pW =mRT (6)

Trong d6: T - nhiét do khi thudc trong 1ong nong; W - thé tich ty do ciia khi trong long
nong; R - hang so khi.

Tién hanh dao ham theo thoi gian hai vé ciia phuong trinh (5) két hop v&i phuong trinh (6)
ta dugc phuong trinh biéu dién quy lut thay d6i ap suat khi thudc trong 10ng nong:

. dp 1 . . . pW .
=—=—|RT(m,_ —my )— pW+—T 7
pdtW[(+ bk )= P T} (7)
Biéu thirc W c¢6 dang:
@ :
Wo+S,l——(-v)-aoy khi I<lp;q;
W= o
W0+Snl—§(l—l,//)—a(a)l,//—mbk) khi 1>,

Trong do: W, - thé tich budng dét; - khdi lugng riéng clia thuc phong; ¢ - hé sb cong
tich ciia khi thudc; @ - khdi lugng ban dau cia liéu thue phong.
dm,, dy

Biéu thtic tinh 7z, c6 dang: 71, = =w
dt dt
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Biéu thirc xac dinh 7ty :
-Khi /<[,,: m, =0; m,, =0;
-Khi [, </<],,:

my.g .

K

my.g .
1

Trong trudng hop nay, khi thudc chay tir 1ong nong vao budng khi.

+ Truong hop p <

+ Truong hop p >

Biéu thirc xac dinh luu lugng phut khi qua 16 phut tir 10ng nong vao budng khi cé dang [4]:

¢2K0(k)FIV%
1y, =1 —dmbkl = 2 k+l
bk bkl dt 2k T+
oF p pbk | Por
*VJRT A k-1 p
-Khi I>1,,:

hi —_(ﬂj" g
Pk 2

k

fhi 1<£<(k;1jk E

P

Phu thudc vao twong quan vé do 16n cua ap suét khi thudc trong long nong (p) va ap suét
khi thudc trong budng khi (pyr) ma khi c6 thé chay tir 1ong nong vao buong khi hay nguoc lai [4].
+ Khi p > p,, : Trong truong hgp nay, khi chay tir 1ong nong vao budng khi. Biéu thirc xac

dinh lru lugng chay khi tir 1ong nong vao budng khi c6 dang:

K, (k)(F +F)

=

k
khi P Z(EJH :
P 2

My = My + 1y, = 2 ket k.
k k _
o (F+E) L [ 2| [2a) (2]t | g lgi{ﬂj’“;
RT A\|k-1|\ p P Pw \ 2
Voi:
Kk
p . D [ k+1
o, K, (k)F, — khi —_(—j ;
2770 2 [RT pbk 2
) dm,,,
My s 2 kel k.
o,k £ 2k pbk —| Lok ' khi IS£<(—k+1jH§
NRT k 1 P Dy 2

+ Khi p < p,, : Trong truong hop nay, khi chay tur budng khi vao 1ong nong. Biéu thirc xac

dinh luu lwong chay khi tir budng khi vao 1ong nong c6 dang:
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k

— K, (k) F, L2 jhi Lo z[—kHTI ;
VRT, p 2
_ dm,, _
= ket i

Dy 2k

2
p
-,F, &
’ ZVRY;)k k—1 [phkj

+Khi p=p, : m, =0;

_[ij ¢ ihi 1< P <(ﬂ]“-
Dk p 2

Trong do, ¢, - hé¢ s6 ton that luu luwong khi; 7, Ty - lan luot 1a nhiét d6 cua khi thudce trong
long nong va buong khi; F;, F,- dién tich ti€t dién ngang cua 10 khi trudc va sau; Ky(k) - ham

ctia chi s6 mii doan nhiét:
1
2 k-1 /2k
Ky(k)y=| — —
0(k) (k+1j k+1

d. Phuong trinh biéu dién quy ludt thay doi nhiét dg khi thubc trong long nong

Phuong trinh biéu dién quy ludt thay d6i nhiét d6 khi thudc trong 1ong nong duoc xac dinh
tor phuong trinh dinh luat I nhiét dong hoc:

n
dQ=dU+ > dL (8)
i=l
Trong d6: Q- nhiét lugng do thudc phong chay tao ra sau thoi gian ¢
dQ = (m,dt)c,Tj = c,Tym, dt 9)

Véi ¢, - nhiét dung déng tich cta khi; 7] - nhi¢t do chdy cua thude phong;
U - ndi nang cua khi trong nong,

AU =d[(my —my )e,T | =c, | (i, =iy ) Tdt +(m,. — myy ) Tdt | (10)

n
> dL; - tong cac cong cua khi thuoc thuc hién khi ban. Trong md hinh khdo sat ta chi xét
i=l
dén cong dé tao ning lwong chuyén dong tinh tién cho dau dan E Jan VA entalpi cua khdi lugng
khi trong budng khi Ipy - Do do:

n
> dL; =dE,,, +dly (11)
i=1
(pmdvz .
dE;,, =d h = pm vdt ; (12)
0 khi p= p,, hoac | <I,,;
dl, = 1,dt =1 (myc,T)dt khi p> p, val>1,; (13)

(my,c, T, )dt khi p<p,val>l,;
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Thay (12) va (13) vao phuong trinh (11) ta dugc:

n .
Z dL; = omyvvdt + I, dt (14)
i=1
Thay (9), (10) va (13) vao (8) va bién d6i ta dugc phwong trinh biéu dién quy luat thay d6i
nhiét do trong long nong co dang:

. dT 1 : . ) 1 o
T=_=—{Tlm+_(m+_mbk)T__(¢de+Ibk)} (15)
dt (m+ - mbk) ¢y
e. Phwong trinh biéu dién quy ludt thay déi ap sudt khi thudc trong buong khi
Phuong trinh biéu dién quy luat thay doi 4p suat khi thudc trong budng khi dugc xac dinh
tr phuong trinh trang thai khi thudc trong budng khi:
PokWpie = mpj RTpg (16)
Trong 40: py : ap sut khi thudc trong budng khi; 7; bk - nhiét do khi thudc trong budng khi;
W, : thé tich tu do budng khi: Wy = Wy o —amyy, 5 Wy o: thé tich ban dau ciia budng khi.
Tién hanh dao ham hai vé phuong trinh (16) theo thoi gian va thuc hién cac phép bién doi
ta dugc phuong trinh biéu dien quy ludt thay doi ap suat khi thudc trong budng khi c6 dang:
aritpj M Tpi J
Wpi

. dpbk R . ;
Dok == =——| MpiIpg + mppTpy +

17
T (17)

f. Phurong trinh biéu dién quy ludt thay doi nhiét do khi thudc trong buong khi

Phuong trinh biéu dién quy ludt thay doi nhiét do trong budng khi dwoc xac dinh dwa vao
dinh luat bao toan nang luong. Sau khi di vao budng khi, ndng lugng cta khi thudéc & dang nhiét
nang s€ duoc luu trlr dudi dang ndi nang khi thude. Dya vao dinh luat bao toan nang lugng ta co:

dQ =dUy, (18)
Trong d6: dQ : bién thién nhiét lwong cta khi thudc trong budng khi, ciing chinh 1a lwong
entalpi cua khoi lugng khi trao doi gitra long nong va budng khi,
dQ = Iyydt = (riyydt)c, T (19)
Upy : NO1 ndng cua khi trong budng khi.
AUy = d(mpc, Ty ) = ¢, (gt Ty + myy Tyt

= ¢, (it T + mpyc T ) it

AUy, = ¢ (i Thge + mp Ty )t (20
Thay (19) va (20) vao (18) ta dugc: i .
Do d6, phuong trinh biéu dién quy luét thay d6i nhi¢t do trong buong khi cé dang:
7 - C,Mp

[ Lok = otk Ti | 1)
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Nhu vay, hé gdm cac phuong trinh: (1)+(4), (7), (16), (17), (21) dugc dung dé x4c dinh cac
dac trung thuat phong trong cta phdo trén xe c6 st dung bd phan hut khoi.

Cac diéu kién ban dau dé gidi hé phuong trinh la: t = 0: z = zp; w = wp; v=0; 1= 0;
P = Pmois Pok = Poro; T =2000K; Tpr =293 K.

1 1
A S A x-1 0,1 2y,
Yo=—F — 1> 0'0:\/1+4_W0:\/1_4 Yos 20= = - (22)
L+a—l 7 7’ 22 ;((0'0+1)
Po 4

2.2. Ap dung mé hinh giii bai toan thuit phéng trong cho phao 100mm J[10-T2C trén xe
tang T55

B6 phan hit khoi ciia phdo 100mm J{10-T2C thudc kiéu van bi, bao gdm cac chi tiét: dng
boc, 16 hut - x4, 156 x4 va cac van bi, ¢6 cau tao nhu hinh 2 [1]. Cac tham s§ du vao theo [3] [4]
nhu sau: Wy = 8,25 [dm’]; S, = 0,79 [dm’]; I; = 47,43 [dm]; m = 15,6 [kg]; po = 300 [kG/cm];
o = 5,5 [kgl; £ = 1030000 [kG.dm/kg]; & = 0,969; & = 1,6 [kg/dm’]; I, = 1726 [kG.s/dm’];
T; = 2790K; Iy = 39,13[dm]; Iy = 41,16[dm]; k = 1,2; ¢ = 1,16; y =1,06; A =-0,056;
F;=78,5.10" [dm’]; F>=76,93.10"*[dm®]; Wy = 9,22 [dm’].

N7

4743mm
3913mm 103mm 727mm
L huat L6 xa Nong stng

Hinh 2. Thiét bi hut khoi ctia 100mm J{10-T2C trén xe ting T55

A P (kG/dm2) V (m/s)x30 T(K)x30

36x10%
32x10*
28x10*
24x10°
20x10"
16x10°
12x10%

8x10*

4x10%

1 (dm)

0 475 9.49 14.24 18,96 23,72 28,46 33,24 37.96 42.69 47.43

Hinh 3. Quy lut thay ddi cac tham s thuat phong cua phao 100mm [110-T2C
theo chiéu dai nong phao
1. Quy luat thay ddi ap suat trong 1ong nong; 2. Quy luat thay doi van tdc dau dan;
3. Quy luat thay ddi nhiét do trong long long; 4. Quy luét thay d6i nhiét d6 trong budng khi;
5. Quy luat thay doi ap suat trong budng khi.
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Bing 1. Cac tham s cua bai toan ap suat va so sanh voi sb liéu cta nha san xuat cung cap [5][6].

STT Cic dai lwgng Pon vi G‘atz;};‘“h ngctlf;’g‘lég;m[‘q Sai s0
1 Ap suit 16n nhét trong nong kG/cm® 3046 3000 1,53%
2 Ap suit khi dan ra toi miéng nong | kG/em’ 965,67 950 1,65%
3 Ap suét 16n nhét trong budng khi kG/cm® 1097,2
4 So toc dau dan m/s 912 900 1,3%

Trén hinh 3 thé hién két qua tinh toan cac thong s6 thuat phong theo quing duong chuyén
dong cua dan cta phdo 100mm J{10-T2C trén xe tdng T55.

Can clr vao két qua giai trén hinh 3 va bang 1 cho thiy mo hinh thuét phong trong vira
thiét lap kha phu hop, cac sai s6 kha nho va co thé chap nhan dugc. Qua d6 cho thay do tin cay
ctia mo hinh va cé thé sir dung mé hinh nay phuc vu cho cac bai toan thiét ké thiét bi hut khoi
trén xe.

3. KET LUAN

Bai bao da xay dung duoc md hinh toan theo phwong phap mdi mé ta day di tinh quy luat
cac qua trinh xay ra khi ban cua cac loai phao trén xe c6 sir dung thiét bi hut khoi.

Mo hinh toan thé hién kha chi tiét qua trinh trao ddi khi giita 10ng nong va budng khi theo
cac ché do dudi téi han va trén t6i han nham dua mo hinh toan sat hon véi md hinh that.

Bai bao ap dung tinh toan cho phao 100mm J[10-T2C trén xe tang T55 va két qua thu dugc
kha phu hop voi cac cong b6 cta nha san xuat, noé c6 y nghia quan trong trong viéc tinh toan
thiét ké thiét bj hat khoi cua cac loai phéo trén xe.
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