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NGHIEN C(rU XAC DINH VAN TOC DONG KHi TRONG ONG LAM
MAT DU'O' TAC DUNG CUA KHi THUOC DAU NONG

RESEARCH ON DETERMINING THE AIRFLOW VELOCITY IN COOLING TUBES
UNDER THE INFLUENCE OF PROPELLANT GAS AT THE MUZZLE

ThS. Mai Vian An, ThS. Pham Dic Khoi
Vién Vii khi, Tong cuc Cong nghiép Qudc phong

TOM TAT

Viéc lam mat nong khi bdn gitip tudi tho nong siing, phdo tang lén tir d6 tang tuéi tho ciia
cho cd khau siing, phdo. Cé nhiéu bién phdp lam mdt nong siing, phéo khi bdn nhie tao cdc ranh tan
nhiét bén ngodi nong, lam mdt bang nwée hay lam mdt bang dong khi... Sung trung lién thé hé mdi
STrL-P dwoc thiét ké két hop ca hai phwong phdp lam mat nong bang cdc rdanh tan nhiét va dong
khi. Thiét ké nay givip tang tuéi tho nong (sung) 1én ding ké. Dong khi cudng bire dwoc tao ra bang
cdch bé tri cac ong co tiét dién nhat dinh bao quanh nong, sir dung vén toc dong khi dau nong ¢
giai doan tac dung sau ciing ciia khi thuoc tao ra sw chénh léch dp sudt giita hai dau ong givip khong
khi trong ong di chuyén. Bai bdo ndy trinh bay phirong phdp khdo sdt sw anh hwéng ciia vin toc khi
thuéce dau nong dén vin toc dong khi trong ong lam mat trén phan mém ANSYS FLUENT.

Tir khéa: Lam madt nong siing; Van toc dong khi; ANSYS FLUENT.
ABSTRACT

Cooling the barrel during firing helps to extend the lifespan of the gun barrel, thereby
increasing the overall lifespan of the weapon. There are various methods to cool gun barrels, such
as adding external cooling fins, water cooling, or air cooling. The new generation light machine
gun, STrL-P, is designed to combine both cooling methods: using cooling fins and airflow. This
design significantly enhances the lifespan of the gun barrel. The forced airflow is generated by
arranging tubes with specific cross-sections around the barrel. The airflow velocity at the muzzle, in
the final stage of the propellant gas effect, creates a pressure difference between the two ends of the
tubes, allowing air to move through the tubes. This paper presents a method to investigate the effect
of muzzle gas velocity on the airflow velocity in the cooling tubes using ANSYS FLUENT software.

Keywords: Gun barrel cooling, Airflow velocity; ANSYS FLUENT.
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1. PAT VAN PE

Nang cao tudi tho nong sing noi riéng
va stiing no6i chung 1udn 13 yéu cau dugc dat 1én
hang dau trong cong tac khai thac va st dung
vii khi. Stng trung lién STrL-P la loai sing mé1
duoc thiét ké cac bo phan 1am mat dic biét gitp
tang tudi tho nong 1én dang ké so voi sting thé
hé trudc. V6i hai thanh phan lam mat chinh
1a cac ranh tan nhiét va cac ong lam mat bang
khong khi. Dé c6 co sd cho cac budc tinh toan
hé s6 lam mat nong cAn tinh toan duoc van tde
dong khi trong 6ng 1am mat. Trong nghién ciru
nay trinh bay phuong phap khao sat sy anh
huo’ng ctia van toc kh1 thubc dau nong dén van
tdc dong khi trong dng 1am mat trén phan mém
ANSYS FLUENT.

2. PHUONG PHAP KHAO SAT VA XAY
DUNG MO HINH

2.1. Ciu tao bd phan lam mat bing cic dng
din khi

Hinh 1. Céu tao bg phén lam mat bang ong
ddn khi:
1 - Nong sung; 2 - Cdc ong dan khi

Trong bai bao nay, lay két qua ap suit
dau nong cia bai toan thuat phong trong va két
cAu mit cit qua tiét dién hai 6ng lam mat ddi
xtng 13 thong sé dau vao dé khao sat. Dién tich
6ng 1am mat 1y theo tai liéu thiét ké ban déu,
mit cat diu nong coi nhu phing va tao mot
gb6c 90° véi truc nong. Phuong phéap mé phong
sO dya trén roi rac héa phuong trinh Navier-
Stokes v&i mo hinh rdi k - © SST duoc tng
dung [3]. Két qua mo phong sé 1a dir lidu dau

vao dé danh gia kha nang 1am mat nong sung
khi ban.

2.2. Bai toan thuat phong trong

Trén co s& cac gia thiét co ban, két hop
véi két cau thuc té cia sing, hé phuong trinh
bai toan thuat phong trong cua sing nhu sau

[11, [2]:
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Giai hé phuong trinh vi phan 1 ¢6 dugc
thong so0 ap suat khi thudc tai thoi diém day dan
ra khoi nong P .

2.3. Phwong phap tinh toan

Phuong trinh trung binh Navier-Stokes
theo Reynolds (RANS) 1a phuong trinh chuyén
dong trung binh theo thoi gian ctia dong chay
[3]. Cac phuong trinh RANS chii yéu dugc sir
dung dé mo ta cac dong chay roi. Cac phuong
trinh nay c6 thé dugc str dung véi cac phép tinh
gan dung dwa trén cac dic tinh cta sy hdn loan
dong chay dé dua ra cac giai phap trung binh
theo thoi gian gan ding cho cac phuong trinh
Navier-Stokes. Cac phuong trinh ndy co thé
duogc viét bang nhu sau:

§ _. = L = + oy (G _ |
puj —- o =pfi+ "_;[ P ﬁf[‘ v | o ] ,.r?r:,ujJ (2)
Trong do6: 1, j = 1,2,3; u, la thanh phén
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van tbe trung binh; p 1a ap Sut; p la mat do
khong khi.

Vé trai ctia phuong trinh nay dai dién
cho su thay d6i dong lwong trung binh ctia mot
phan tir chat khi do sy khong 6n dinh trong
dong chay trung binh va su dbi luu cia dong
chay trung binh. Su thay d6i nay dugc cin bang
boi luc trung binh ctia mé hinh, Gmg suat dang
huéng do trudng ap suét trung binh, tng sut
nhdt yé mg suit biéu kién (- u].'uj') do tmc‘mg
van toc dao dong, thuong dugc goi la tng suat
Reynolds .

Trong mo hinh nay, biéu thirc v vak
phuong trinh tuwong tu nhu céc gid tri trong
mé hinh k- &. Su khac biét ndm & viée sir dung
phuong trinh cho ® va g, nhu dugc mo ta chi
tiét boi Wilcox [3], dbi voi cac dong chay &
16p bién, mé hinh k-o c¢6 wu thé hon ca trong
xir 1y ving gan thanh nhét va trong tinh toan
ctia nd cho cac anh hudng cua gradient ap suat
dong chay. Tuy nhién, viéc xtr Iy cac ranh gidi
dong ty do khong rdi 1a mot tré ngai 16n: didu
kién bién khac khong (phi vét 1y) trén o 1a bat
budc va tinh todn dong chay nhay cam voi gia
tri duoc chi dinh.

2.4. Xay dung mo hinh
Trong nghién cru nay xay duyng md

hinh m6 ta mat cit di qua tdm nong va vi tri hai
ong lam mat doi xung (hinh 2).

i—

Hinh 2. M6 hinh tinh toan
3. KET QUA TINH TOAN

Str dung phuong phap tich phén sb trén

phin mém MATLAB 2011b giai hé phuong
trinh 1 va phan mém ANSYS FLUENT mé
phong dong khi thu duge cac két qua nhu sau:

3.1. Két qua giai bai toan TPT

Do thi ap suat trong nong
T T

3500

3000

2500

2000

1500 73

108

1000

Ap suat khi thuoc (KGiem2)

500 f--sveseeners T S frosrsrnenees :

Quang duong chuyen dong cua dan L (dm)

Hinh 3. D6 thi bién thién dp sudt khi thuoc trong
long nong

- Ap suét khi thudc tai miéng nong:
1109 kG/cm?. Pay 1a thong sé dau vao cho
bai toan xac dinh van toc dong khi khi ra khoi
nong.

3.2. Két qua bai toan xac dinh van téc Khi
trong ong lam mat

=1
it

S Ving xoay

Hinh 4. Truong van téc dong khi & ddu vao éng
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—F Ving xoay

' o i
o -

Ong lam mat

Hinh 5. Truong vdn toc dong khi & dau ra éng

Do bé mit dau nong vudng goc véi
phuong chuyén dong ctia dong khi khi ra khoi
nong (90°) nén xuat hién cac ving xoay tai hai
bén 6ng dan khi. Nguyén nhan 1a vi goc > 90°
gy ra sy thay doi dot ngdt cua trudong dong
chay. Dong chay khi dan 6n dinh bén trong dng
va van tc ting 1én dan tir ddu vao dén dau ra.
O tiét dién dau ra do c6 sy thay doi vé dong
(4nh hudng bdi cac vung xody hai bén miéng
6ng theo hai hudng khac nhau) 1am cho vén tdc
giam di trudc khi ra khoi ong 1am mat (hinh 6).

s by ——

Hinh 6. D6 thi vdn toc ciia dong khi trong ong
dan khi

Nhan xét két qua tinh toan:

Két qua md phong cho thiy co dong
khi dich chuyén trong cic 6ng lam mat, toc do
dong khi ting dan ra phia ddu nong tir 32,75m/s
& dau vao dén 33,85m/s 1a gid tri 16n nhat. Gia
tri trung binh ciia van toc ~ 33m/s.

4. KET LUAN

Nhu vay c6 thé khang dinh viéc thiét ké
dng dan khi dé 1am mat nong dra trén su chénh
1éch ap suét tai dau 6ng va cudi dng dan khi khi
bén 1a ¢6 co so. Vén tdc dong khi trong 6ng 1a
thong s6 ddu vao quan trong cho tinh toan hé sd
lam mat nong khi ban. %
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