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NGHIEN CUU THUAT PHONG TRONG CUA DAO - SUNG KET HQP
TREN CO SO TIEP CAN LY THUYET NHIET DPONG LU'C HQC

Nguyén Van Hung”

Tom tat: Bai bao trinh bay cach tiép cgn Iy thuyét nhiér dgng luc hoc d@é xay dung mo
hinh thugdt phong trong cua dao — sling két hop. M6 hink duwoc ap dung dé tinh todn doi
véi mgt mau dao — sung ban dan .22LR (5.6x15 mmR). Ket qud tinh toan cia md hinh nay
duot s0 sanh Véi ket qud tinh todn theo phwong phdp truyen thong (sai so veé ap suat cuc
dai la 2,6%, va so toc la 0,7%) dé danh gia do tin cdy cua md hinh.

Tir khéa: Nhiét dong luc hoc; Thuat phong trong; Dao — siing két hop; Dan .22LR (5,6x15mm).
1. PAT VAN PE

Dao két hop vai sting (Dao - sting) 1a mdt loai vii khi nhé gon dugc trang bi cho cac
luong luong lam nhiém vu dic biét dugc str dung rong rdi ¢ Nga, My va nhiéu nudc
khac trén thé gi¢i. Chung loai va miu ma cia cic loai Dao — sting ciing rat da dang: c6
loai chi nap tirng vién dan, c6 loai nap nhiéu vién dan, co tich hop nong ¢ ludi dao, co
loai tich hop nong ¢ chuéi Dao,... (hinh 1) [1-4]. Tuy nhién, trong Quan ddi chua dugc
trang bi loai vii khi nay. Trong qua trinh tinh toan thiét ké Dao — sung bat budc phai
nghién ctru thuat phong trong.

d) €)
Hinh 1. M6t s6 loai Dao — sing trén thé gidi:
a) Dao — sung Elgin Cutlass (My - 1837); b) Dao — sung NRS-2 (Nga - 1983);
¢) Dao — sung Apache (Bi - 1869); d) Dao — sung RS-1 (GRAD - 1990);
e) Dao — sung PKP (.22; .45ACP).

Thuat phong trong 13 bai toan co ban khi tinh toan thiét ké vii khi va c¢6 nhiéu cach
tiép can khac nhau dé giai quyét bai toan nay. Pho bién nhat hién nay van 1a phuong
phap tiép can theo 1y thuyét thuat phong trong théng thudng ciia sting phéo [5]. Tuy
nhién, xu thé hién nay trén thé giéi thuong tiép can bai toan thuat phong trong dua trén
1y thuyét nhiét dong luc hoc [6].

Trong bai bao nay, cac tac gia s& st dung nguyén 1y thir nhat ctia hé nhiét dong luc
m&, két hop véi 1y thuyét nhiét dong luc hoc va phuong trinh chuyén dong cta dau dan
trong long nong dé nghién ciru bai toan thut phong trong ctia Dao — sting, 1am co s¢ dé
tinh toan thiét ké Dao — sting. Két qua tinh toan cua hai phuong phap nay s€ dugc so
sanh véi nhau dé danh gia sy phu hop cua phuong phap tiép can nhiét dong luc hoc so
v6i phuong phap truyén thong.
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2. XAY DUNG MO HINH

Dé xay dung mo hinh thuat phong trong ctia Dao — siing ta st dung céc gia thiét sau:

- Mdi chay liéu phéng xay ra tirc thi va thuc phong chay theo quy ludt hinh hoc. Hon
hop khi thudc phan bd déu trong thé tich sau dy dan;

- B6 qua thoi ky téng dan, tc 1a dan bin dau chuyén dong khi 4p sut trong long
nong bang ap sut tong dan;

- Coi dong chay khi thudc qua cac khoang (sé trinh bay tai muc 2.2) 1a dong mét pha,
tirc 13 bo qua cac hat thudc phong chua chay hét va tap chat. Pong thoi, coi khi thude 1a
dong khi thuec.

Dua trén cac gia thiét trén, mo hinh nhiét dong luc hoc trong long nong cua Dao —
stung dugc xay dung nhu hinh 2. Trong do, cac khoang lam vi¢c dugc ky hi¢u nhu sau:

- Khoang 1: Ving khong gian phia sau day dau dan trong 1ong nong;

- Khoang 2: Ving khong gian phia truéc dau dan trong ldng nong;

- Khoang 3: Mbi trudng xung quanh phat bén.

m :
e @ m13

Liéu phéng con lai
Hinh 2. M6 hinh nhiét dong luc hoc trong long nong.
Céc bién can xac dinh bao gom:
- Cac tham sb & khoang 1: Ap suét ( p,), nhiét do (T,), thé tich (V,), khdi lugng khi
(m,), entanpi riéng (h,).
- Quang dudng chuyén dong ( X4 ) va van toc cia ddu dan (vy).
Xét hé nhi¢t dong luc hoc (NDLH) mo khoang 1 ta co:
dQ , gdHy _du,  dw,

1

dt 4= dt dt dt @

Trong do: Q, - Nhi¢t luong cia h¢ NDLH khoang 1; U, - N6i nang cua h¢ NDLH
khoang 1; W, - Cong sinh ra cua h¢ NDLH khoang 1, Zditl' - Luu lugng entanpi trao

i=0

d6i v6i hé NDLH khoang 1 va:

SdH, . .
ZOTM = m(ulhw - m13h1 - m12h1 (2)

véih, =C,T, va h =C,T,.
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Trong do: m_, - Luu lugng khi thudc sinh ra do qué trinh chay liéu phong; m,, - Luu
lwong khi thube phut tir long nong sang khoang 2; m; - Luu lugng khi thudc phut qua
mi¢ng nong khi vién danq ro1 khdi miéng n(‘?ng (thoi ky tac dung sau cfmg ctia khi thudc);
C, - Nhiét dung riéng dang &p cua khi thude; T, - Nhi€t do chdy cua thude phong.

Noi nang cua hé dugc tinh nhu sau:

dy, _d(um) m, 34

dm,
= =m,. —1 3
dt dt dt ®)

dt

+U,.

Trong do: u, - NoOi nang riéng cia h¢ NDLH khoang 1; u, :ﬂ:CV.Tl voi C, la
m,

nhiét dung riéng dang tich ciia khi thude.
Cong sinh ra lam thay doi thé tich budng khi dé gy ra do dich chuyén ciia dau dan
duoc tinh nhu sau:

dw, dv,
=p.—= 4
de U dt )
Thay (2), (3), (4) vao (1), ta duoc:
dQ dT, dm1
+m,C, T, -m,C T, -m,C T, =m.C.—1+C.T,. 5
at o —m,Cp.T —my, m,. at Ut I01 dt ®)

Tiép theo tién hanh xac dinh cac luu luong phut khi: m_,, m,,
* Xdc dinh lwu lwong khi thudc sinh ra tie thuéc phéng chdy m,,

Néu ky hiéu V 1a thé tich tirc thoi cua lidu thude, w, 1a khéi luong ban dau cua thude
phong, @ 1a khdi lugng tirc thoi ciia thue phong va 1a p, khéi lwong riéng cia thude
phdng thi ta co:

ma)l dt
(6)

Dé tinh CL—\: ta str dung cac phuong trinh trong quy luat sinh khi va quy luat thay doi

bé mit chay cua thudc phong. Theo d6, néu goi V, la thé tich ban dau cua lidu thudc thi
luong thude phong da chay twong ddi s& la:

V, -V Y, dv dy
= =1-— ha — =V, —
v V, V, Y " dt 7)
Do d3 gia thiét thuéc phong chay theo quy luat hinh hoc nén:
w =k z+k,z° +k,z2° (8)
Tu (8), (9) ta dugc:
dy dz dz
+ 2K,z + 3K,z z).— 9
o -k VgD ©)
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voi ¢(z2) :(kl +2k,z +3k322).
Mait khac theo [7], ta co6:

dz_ f(p)

dt [,
v6i f(p,) 1a ham biéu dién sy phu thudc ciia toc do chay vao ap sudt moi truong chay
cua ting hat thude phong. Két hop (6) (7), (9), (10) ta dugc:

f(p f(p
mwl:pV0.¢(Z).¥:wo.¢(z).Q (11)

k Ik

(10)

* Xdc dinh lvu lwong khi m,, ,m,,
Xét truong h~0’p tong quat dong khi phut tir khoaqg i sang khoang j. Tr,ong do, dong
khi trude ctra 10 phut khoang i c6 cac dac trung: thé tich riéng v, ap suat p,, entanpi
riéng h va nhiét doT,. Tuong tw, cac thong sd tai khoang j gom: thé tich riéng v [ ap
suét p;, entanpi riéng h; va nhi¢t d6 T,. Theo tai li¢u [7], luu luong phuyt khi tir khoang
1 sang khoang j dugc xac dinh theo cong thurc:
A0,

V.

m; = 4. (12)

Trong do: m; - Luu luong khi thudc phut tir khoang i sang khoang j; A - Tiét dién
nho nhat cta 16 phut tir khoang i sang khoang j; Ly - He sO ton that dong chay; vy - Tde
do phut khi cua dong khi.

Téc do phut khi ctia dong khi chi nhan mot trong hai gia tri sau [8]:

- Néu dong chay khong téi han thi:

iy =y2(h—h;) =\2C, (T, -T)) (13)
- Néu dong chay t6i han thi n6 chinh bang vén téc 4m thanh (a,):
v; = a (14)

Dbi v6i mdi loai khi, tée do am thanh 1a khac nhau [5]. V61 dong chay khi hai pha
nhu COz, N2, N2O thi vi€e tich tbc do am thanh 1a cb cung phuc tap. Bang gia thiét dong
chay khi thudc 13 khi mot pha (bo qua cac hat khi thudc chua chay hét va tap chit), theo
[9] ta co thé tich van tbc Am thanh theo cong thuc:

a =— JyRT (15)
V—a

. . . C .
Trong d6: « - Lugng cong tich cua khi thudc; R - Hang so khi; y =C—p la ty so
v

nhiét dung riéng.
Nhu vay, gia trj toc d6 dong chay tir khoang i sang khoang j nhu sau:
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JyRT } (16)

Vi —mm{JZC T T

. dT,
* Xdy dung phwong trinh thay doi nhiét do trong long nong d_tl

Do bién thién khdi lugng khi trong long nong theo thoi gian bang hiéu giira khoi
lwong khi sinh ra do thudc phong chay va tong cac ton that khi qua khe ho:

dm, _
" ,—(my, +my) (17)

Mit khéc, ta co su bién thién thé tich sau day dan theo thoi gian:
av; _d(%S,)

= =V,.S 18
dt dt 4 (18)
v6i S, la dién tich mit cat ngang long nong.
Thay (17) va (18) vao (5), ta dugc:
dT, dQ, 1 o D,V,.S,
—| —=.—+m_ (T, -T, -1)(m, +m, ) T,—— 19
-9 L (7T - T 2 @)

Trong biéu thirc (19) thi tén that nhiét tir khi thudc sang thanh ndng % duoc xac
dinh theo cong thuc [5]:

dQ, d 1, T,
d_tl dt(IaT Ttn)dszA'o-T'F'E( _LJ'pl (20)

Trong d6: a, - Hé sb truyén nhiét tir khi thudc sang thanh nong; T, - Nhiét do bé
mit bén trong ctia thanh nong; F - Dién tich thanh nong tiép xtic véi khi thude; o; -H¢
sé truyén nhiét khong doi dugc xac dinh bang thuc nghiém; A - Hang sé duoc xac dinh
bang thuc nghiém.

Két hop cac phuong trinh (11), (12), (16), (17), (18), (19), ta dugc h¢ phuong trinh vi
phan thuat phong tong quat trong long nong (khoang 1).

Dé‘ hoan thién hé phuong trinh thuat phong, cénq c6 thém phuong trinh chuyén dong
cua dau dan trong 10ng nong. H¢ phuong trinh chuyén dong cua déu dan trong long nong
khi ban trong khong khi 1a bai todn co ban, dugc nghién ctru trong tai li€u [5] va c6 dang
nhu sau:

dv, S.p,

dt low (21)
((01 3 CJ

Trong do: v, - Van téc dau dan; p, - Ap suét trong khoang (1); q - Trong luong dau

dan; ¢, - H¢ s6; S - Dién tich tiét dién long nong.

Nhu vay, tir (11), (12), (16), (17), (18), (19), (20) ta s& tim dugc h¢ phuong trinh vi
phan thuat phong trong ctia Dao — sting nhu (22):
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_m.n{ﬁ W}
_m.n{Jﬁ W}

dv, S.p,

dt (il
| A 3'g

3. KET QUA TiNH TOAN VA THAO LUAN

dT dQ, 1 , .
dt [d_tl C_+m (7/TV_T1)_(7_1)(m12+m13) 1
Qg rtfiIn]
dt R T,
dm, | . .
d_tl:mwl_(m12+ml3)
dv.
o
V. RT.
i=—t; p=—"o
W V-
. f(p
m,, = @,.$(2). I()
k
D
My, ::u”lz-Aii/ 2
1
D,
= 1w, Aii/ 13

T pl'vd 'Sd

(22)

M6 hinh xay dung ¢ trén dugc ap dung tinh toan voi mau Dao — stng c6 chiéu dai
nong 70 mm, ban dan 22LR (5.6x15 mmR) [10]. Qua trinh giai duoc thuc hién bang
thuat giai ODE45 trong phan mém MATLAB. Két qua tinh toan dugc the hién nhu bang

1 va hinh 3.
Bing 1. Két qua tinh todn thudt phdng trong.
Théng s6 Pon vi Gia tri
Ap suét 16n nhét trong long nong Mpa 119,5
So toc dau dan m/s 264,8
Nhiét 6 16n nhét trong 10ng nong K 3643
Thoi gian dau dan chuyén dong trong 10ng nong ms 0,67
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Hinh 3. Két qud tinh toan thudt phong trong
a) Bé day chdy tuwong doi ciia thuoc phong theo thoi gian, b) Sy thay do6i ap sudt phia
sau ddy dan theo quang dwong chuyén dong cua dan trong long dao — nong;
¢) Sw thay doi thé tich liéu phdng theo thoi gian; d) Sy thay doi khoi lwong khi thude
sinh ra theo thoi gian, e) Ap sudt trung binh trong long nong theo thoi gian;
/) Nhiét dé khi thuoc theo thoi gian; g) Quang dwong chuyén dong cua dau dan theo thoi
gian; h) Van toc dau dan theo thoi gian.
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Két qua nay cho thay, Vo1 viéc tlep can nhiét dong luc hoc dé giai bai toan thuat phong
trong ¢ thé cho ta két qua cu thé) nhu be day chay tuong d01 thé tich lidu phong, khdi
lwong khi thude sinh ra) — nhirg tham s6 ma phuong phép truyén thong it quan tdm dén.

Hinh 4 biéu thi su sai khac vé ap suét khi thudc va van tdc dau dan gitra hai mo hinh:
mod hinh nhiét dong luc hoc méi duoge xdy dung va mé hinh theo phuong phap truyén
thdng [5]. Két qua nay cho thiy, sai sb vé ap sudt 16n nhét 13 2,6% va so toc 1a 0,7%.
Diéu d6 chung t6 mo hinh vira xdy dung dam béo tin cdy va c6 thé ap dung trong tinh
toan thiét ké Dao — sung.
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a) b)
Hinh 4. So sdnh két qua tinh todn ciia hai mé hinh:
a) Ap sudt trung binh trong long nong; b) Van toc dau dan theo thoi gian.

4. KET LUAN

Bai bao dé dua ra mot phuong phap tiép can dé nghién ciru bai toan thut phong trong
cua dao — siing ket hop dua trén ly thuyét nhiét dong luc hoc. Két qua tinh toan, so sanh véi
phuong phap truyén thong cho thdy mé hinh xay dung duoc 1a tin cay. M6 hinh nay khong
chi 4p dung cho dao — sing ma c6 thé ap dung ddi véi nhiéu loai vii khi c6 nong khac.

Léi cdm on: NhOm tac gid cam on su tai tro vé kinh phi cia dé tai cap Hoc vién KTQS, ma so
21.DDHO7.
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ABSTRACT

STUDY OF THE INTERNAL BALLISTIC OF THE KNIFE — GUN
BASED ON THERMODYNAMIC THEORY

This paper deal with the application of thermodynamic theory in the
establishment of the interior ballistic model of the knife - gun. This interior
ballistic model was applied to a model of the knife—gun shooting the .22LR (5.6x15
mmR) ammo. Results of the solution are compared and validated with the results
calculated by the traditional method (the error of the maximum pressure is 2.6%,
and the speed is 0.7%) measured muzzle velocity and maximum pressure.

Keywords: Thermodynamic; Interior ballistic; Knife-gun; .22LR (5,6x15 mm) ammo.
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