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NGHIEN CUU TH’IET KE THI’ET BI PHUN NUOC
CHUA CHAY PHAN TAN SU DUNG
CHO KHONG GIAN KIiN, KHO TIEP CAN

Trung t&4, ThS VU THI THU NGUYET

Khoa Tu dong va Phuong tién ky thugt PCCC&CNCH, Truong Pai hoc PCCC
*Téac gia li€n hé: Vi Thi Thu Nguyét (Email: vuthunguyetnd@gmail.com)

Tom tidt: Cdc dam chdy xay ra trong khu viec khong gian kin, kho tiép cdn thuong gay ra nhiéu kho
khan va nguy hiém cho lwc lwong chiza chay. Do d, khi chiza chay khu vic khéng gian kin, kho tiép can
ngoai viéc lya chon chién thudt va bién phap chira chay phil hop, lic lirong chiza chay cdn duoc trang bi
cac thiét bi hé tro chita chdy dic thii. Bai bdo dé cdp dén mét gidgi phap thiét ké thiét bi phun meéc chiva
chay phu hep cho khu vic khdng gian kin, kho tiép can.

Tir khoa: khong gian kin; chiza chay; thiét bi phun niréc phan tan.

Abstract: Fires occurring in confined spaces often present significant challenges and hazards for
firefighters. Consequently, when combating fires in such enclosures, it is imperative that firefighters are
equipped with specialized firefighting equipment in addition to selecting appropriate firefighting tactics and
strategies. This article presents a for the design of water spray systems tailored for effective fire suppression

in confined spaces.

Keywords: enclosures; firefighting; water distribution nozzle.

1. Pit van dé

Céac dam chay trong khong gian kin thuong rat
kho kiém soét va ludn di kém véi cac mdi de doa dén
tinh mang, tai san cia con nguoi. Quy mo cua dam
chay co6 thé khac nhau tuy thudc vao nhiéu yéu td,
nhu: vi tri khoi phat; dac diém kién truc, cong nghe,
tinh chat str dung; kha ning chdng chay cua vat liéu
két cau bao quanh; chat chay; diéu kién thong gio....
Khi x4y ra su c6 chdy trong khong gian kin (khoang
tau, ting ham, him cap, muong cap trong cic nha may
cong nghiép, nha dng chi c6 mot 16i thoat nan bi sap
db cau kién xay dung lam can tré 16i tiép can duy
nhét...) viéc tiép can dé chira chay va ctu nan, ctru
ho bi han ché. Cac dam chay trong khong gian kin
thudng co su phat trién phirc tap hon so v6i khong
gian m¢. Vung nhiét tac dong cua cac dam chay trong
khong gian kin do nhiét btrc xa va nhiét dbi luu quyét

dinh. Cac dong nhiét ddi luu & dam chay trong khong
gian kin bi cau kién xay dung bao che ngin can lam
anh huong té1 vung nhiét tdc dong. Chinh vi vay,
nhiét dbi luu & cac dam chay nay thuong gay ra nhing
nguy hai t6i ngudi bi mic ket va chinh ban than lyc
lugng tham gia chita chay. Ngoai ra, do san pham
chay (khoi, khi doc, khi nong...) tich tu lai bén trong
nén ¢ cac dam chay trong khong gian kin luén cé
vuing khoi rat 16n, can tré hoat dong tiép can dé tim
kiém ngudi bi nan ciing nhu dé chira chay.

Thuec tién cho thiy, cong tac chita chay cho khu
vuc khong gian kin, kho tiép can gip rat nhiéu kho
khin. Voi nhitng dam chdy st dung nuéc 1am chit
chita chay, phuong tién dung dé phun nudc vao dam
chay hién nay chu yéu 1a ling cAm tay, ling gia va
Robot chira chay. Lang gia thuong duoc st dung dé
phun mit ngoai nham 1am mat két ciu bao che khi luc
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luong chira chdy chua tiép can dwoc vao bén trong.
Dé sur dung lang cam tay, doi hoi phai c6 khong gian
dé chién sy cAm lang tiép can truc tiép vao dam chay.
Robot chira chay la thiét bi chira chay hién dai dugc
sir dung cho nhimg dam chay phuc tap, nhidu nguy
hiém nhu: cac dam chay hoa chat, xing dau, cac khu
vuc ¢ chat phong xa..., giup bao dam an toan cho
luc lugng tham gia chira chdy. Tuy nhién, Robot chira
chdy hién c6 gid thanh kha cao nén vi¢c trang bi cho
luc lwong chira chay tai cac dia phuong con han ché.
Mat khéc, voi nhitng ddm chay trong khong gian kin
ma vi tri Xy ra chdy ¢ ting cao (khong phai ting mat
dat), kho tiép can (chay khong gian kin trong nha cao
tang; chay tang trén nha 6ng trong ngd nho, 16i tiép
can duy nhit & tang 1 bi can trd...), ngay ca khi duoc
trang bi robot chira chdy ciing rat kho dé trién khai do
céc diéu kién nhu dia hinh, kha ning leo bac hay vuot
chudng ngai vat cua robot....

Trén thé gidi da c6 mot s6 phuong tién, thiét bi
phun nudc chita chay cho khu vuc khong gian kin,
kho tiép can, nhu thiét bi phun suwong, phun xuyén
thau do cac hing cia My, An P9, Han Qudc... san
xuat. Tuy nhién, gi4 thanh cac thiét bi d6 kha cao, dé
trang bi thiét bi phun phéan tan cho lyc lwong chita
chay, can mot ngudn kinh phi dang ké. Ngoai ra dé co
thé két ndi thiét bi 6 véi cac phuong tién chira chay
hién c6 cua luc lugng chita chay tai Viét Nam hi¢n
nay, can trang bi thém cac phuong tién chuyén dung,
cac thiét bj chuyén d6i lién két.

4

&
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Hinh 1: Thiét bi phun swong (a) va phun xu))/én thau (b)
Nhu vdy c6 thé thdy, viéc nghién ctru thiét ké
mot thiét bi phun nude hd tro cong tac chita chay sir
dung riéng cho khu vuc khong gian kin, kho tiép can
c6 kich thude nhd, gon, dé su dung, c6 két nbi phu
hop véi phuong tién hién cé cua luc lugng Canh sat

PCCC&CNCH Viét Nam, ma khong can tiép can truc
tiép v6i dam chay, 14 rat can thiét.

2. Yéu ciu thiét ké

Tir phén tich danh gia dic diém nguy hiém chay
nd va cac phuong phap, bién phap chita chay khu vuc
khong gian kin, kho tiép can, cin cir vao muyc dich su
dung ciing nhu cac yéu cau caa TCVN 13261:2021;
QCVN 03:2023/BCA thiét bi chita chay cho khu vuc
nay can dap tmg mot sd cac yéu ciu co ban sau:

- C6 kich thuéc nhéd gon, co thé dua vao khu
vuc xdy ra chdy ma luc lugng chita chay khong can
tiép can truc tiép, chi can pha d& cau kién xdy dung
v6i dién tich di nho dé dua thiét bi vao.

- Phd phun nudc cia thiét bi phai phan tan trong
pham vi rong ctua khong gian kin dang chay giup lam
mat, giam nhiét do ving chay dé han ché cac hién tuong
Backdraft hay Flashover va tién t6i dap tat dam chéy.

- Thiét bi hoat dong 6n dinh tai 4p suat lam viéc;

- Vat liu 1am thiét bi phai chiu dugc nhiét do
cao, chiu dugc va dap, c6 tinh chéng an mon.

- Két céu cua thiét bi phai dam bao do bén va
do kin;

- Thiét bi c6 két ndi phu hop vdi cac phuong
tién hién c6 cua luc lugng Canh sat PCCC&CNCH.

3. Thiét ké thiét bi phun nwéc phan tan sir
dung chira chay trong khu vuc khong gian kin, kho
tiép can

3.1. Chi tiéu ky thudt

Tuong tu cac thiét bi phun nudc chita chay
khac, thiét bi phun phén tan chita chay khu vuc khong
gian kin, kho tiép c4n phai dam bao 3 thong s6 co ban:
lru luong, ap sudt va phd phun (pham vi bao vé). Céac
thong sb nay phu thudc vao nhau.

Theo s6 tay cong tac chita chay [6], 4p sudt tai
dau lang chira chay ddi véi lang cAm tay phai dam bao
H = 25+35(m.c.n). Thiét bj phun nudc phan tan dé
chira chay khu vure kho tiép can van phai do con ngudi
su dung, dua thiét bi dén vj tri phun, do do, ap luc qua
16n s& gay kho khin cho ngudi van hanh. Vi vy, dé
dam bao an toan cho nguoi st dung ddng thoi cip du
ap dé chita chay, lua chon cot 4p tai thiét bi phun H =
35m.c.n.
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Luu luong qua thiét bi phun ty 1¢ v6i can bac hai
ctia ap sudt cip theo cong thirc (1).
Q=K\p (1)
Trong d6, Q 1a luu lugng (Is); K 13 hé s6 phun
(I/5.m%%); p 13 4p suat (m).
Van tdc dong tia qua mot 16 phun duge xac dinh
theo cong thuce (2):

_Q
v= 7(d/2)? (2)

Hoac cong thuec (3):

3)
Trong d6, d 1a dudng kinh 16 phun (m); C 1 hé

2
v=C 2
p

sO ton thét ; p 1a khdi lwong riéng cua nude (kg/md).

Céc thong sb thity lyc nay anh huong dén kich
thudc hat nude khi phun, tir 46 anh huong dén co ché
tac dong chira chay ciia nudc dén dam chay. Phuong
trinh (2) hodc (3) duoc sir dung dé udc tinh van toc
giot ban dau khi giai phuong trinh trao d6i dong lugng
(4) gilra hat nudc va pha khi xung quanh (phuong
trinh Lagrangian).

S =Ty+ Fy (4)

Trong d6, mgq 12 khéi luong hat nude (kg); ug 1a
vecto van toc hat nudc (m/s); t1a thoi gian (s); F, va Fy
lan Iuot 12 vecto luc hap dan va luc can khong khi (N).

Phuong trinh (4) ¢6 thé dugc giai bang phuong
phap sb cho timg hudng toa do dé xac dinh quy dao hat
nuée véi cac diéu kién bién ban dau (luu luong, cot ap,
duong kinh 16 phun, khdi lugng riéng cta nude...). T
d6 xac dinh pham vi bao phii ciia thiét bi.

Tir cac nghién ciru Iy thuyét va thyc té phuong
tién, thiét bi chita chdy duoc trang bi hién nay, thiét
bi phun phan tan can dat luu luong 161/s & ap sudt cap
3,5bar tao ra duoc phd phun phan tan trong pham vi
duong kinh 10m.

3.2. Thiét ké chi tiét

Qua trinh phun phan tan nudc khong chi phu
thudc vao diéu kién van hanh, ma con phu thudc vao
loai voi phun. Thiét bi phun phan tan duogc thiét ké
v6i 2 thanh phan chinh: than voi phun (dé phan phdi
nuéc) va dng dan (dé dan dong).

Pé dam bao nudc phan tan déu vao khong
gian xay ra chay, thiét bi phun phan tan dugc thiét ké
v6i 09 16 phun nhu hinh 2, twrong g véi mdi 16 phun
c6 mot doan voi chidu dai so voi than thiét bi Iy =
10mm. Céc voi phun A, B va C duoc déit trén chu vi
ciia mit phang quay va nghiéng mot goc 60° so véi
tiép tuyén cua mat phing quay tron. Cac voi phun D,
E va F ndm ¢ giita nira trén hudng 1én trén mot goc
45° so v6i phuong thing dimg. Cac voi phun G, H va
| ndm ¢ nira dudi huéng xudng dudi mot goc 45° so
v6i phuong thang dimg. Goc giira cac 16 phun theo
phuong ngang cach déu nhau 40°. Khi hoat dong, nho
luc tao ra boi dong chay qua c&c voi A, B, C than voi
phun s& xoay tron dé phan tan nudc ra khong gian khu
vuc chay.

Hinh 2: Than voi phdn phdn tan véi 9 16 phun.
- Ap cap t6i thiét bi phun dy kién 3,5bar tao ra
dong ¢o van téc:

v=/2.9.H=1/2.9,81.35 = 26,2 (%)

- Thiét bi ¢ luu lwong du kién 161/s tai ap suat
3.5 bar. Luu lugng phan bd déu cho 9 15 phun, voi
Iwu lwgng qua mdi 16 1,78 Us.

4Q 4.1,78.1073
1= zv= | 31azez — 3mm

— Luya chon dudng kinh 16 phun d = 9mm.

- Ong dan véi chiéu dai thiét ké 1,5m dung dé két
néi voi chita chay véi thiét bj phun. Ong dan c6 thé théo
lap dé dang véi 2 dau éng duoc ren ngoai ¢6 dau ngam.
Trén 6ng din c6 tay khoa dé diéu khién dong/mé nudc.
Tay khoa diéu khién thiét bj phun cho phép ngudi sir
dung mé hogc ngét dong; ting hodc giam Iuu luong, Cac
van nay cho phép nguoi st dung mé/ déng voi tir tir dé
diéu chinh ting/giam dan lwu lugng dé tranh hién tugng
nudce va (dac bi¢t khi dong voi).

S6 02, 2025 — TAP CHi PC&CC DIEN TU' 3



vU THI THU NGUYET

Hinh 3: Thiét bi phun phdn tin dang mé phong
1— Ndp bit; 2—Than voi; 3 - Ong ddn; 4 — Tay khoa.
3.3. M6 phong kiém tra két qud bang phin mém
chuyén dung trén may tinh
Dé t6i wu hoa cac chi tiét va thong sé cua thiét
bi trude khi ché tao, sir dung phan mém CFD dé mé

phong su lam viéc cua thiét bi trén may tinh. Mo
phong CFD (con dugc goi 1a M6 phdng dong luc hoc
dong chay) sir dung phuong phap sé dé giai quyét (mo
ta, phan tich, phong doan) cac bai toan lién quan dén
su chuyén dong ciia chit lvu. Str dung CFD dé mo
phong vé chuyén dong cta dong chat 1ong bén trong
thiét bi tir cac thong s6 co ban (diéu kién bién): luu
luong, ap suét, thong s6 hinh hoc cua thiét bi.

XTI i g

Hinh 4: M6 phéng vén toc dong chay tai 16 phun bang CFD.

Can ctr trén két qua mo phong phan bd van tdc

tai mot 16 phun va két qua tinh toan 1y thuyét cho thdy,

van tdc tai 16 phun theo mé phong khong dat gia tri
theo tinh toan 1y thuyét (Hinh 5).

b

Hinh 5: M6 phong dieong dong trong thiét bi phun phan tan khi )
dwong kinh 1o 9mm.
Pé dam bao yéu cau, diéu chinh duong kinh 15
phun tir 9mm xudng 1an lugt cac gia trj 8, 7, 6... mm,
sau do tién hanh chay mo phong. Két qua mé phong
cho thdy duong kinh 16 phun 6mm 1a phu hop (Hinh
6). Do d6, Iya chon 16 phun véi dudng kinh 6mm.

(1) Velocty Magnitude - cmis
392017

T 3200
2800
2400

- 2

NWHW\_

0 748125 m

Hinh 6: M6 phéng dwong dong trong thiét bi phun phén tan khi
dwong kinh lo 6mm.
Két qua mod phong ciing cho thiy, dong phan
tan déu qua cac 16 phun (Hinh 7). Tuy nhién, pham vi
bao phu cta phd phun va cudng d6 phun theo cac
huéng can duge xac dinh thém bang thuc nghiém.

Hinh 7: Mé phong dong phén tan qua céc 16 phun.

4. Két luan

Vi phuong an thiét ké va két qua kiém tra mo
phong nhu trén, thiét ké thiét bi phun phan tan chita
chay trong khdng gian kin, kho tiép can sau khi ché
tao c6 dang nhu mo ta trén Hinh 3, cac thong sd ky
thuat chinh gém: luu luwong 161/s tai ap suét 3,5bar;
pham vi bao phi 10m; déu ndi phu hgp TCVN
5739:2023; Sb lwong 16 phun 9 15; dudng kinh mdi 16
phun 6mm. Pay 13 co s¢ dé ché tao san pham sir dung
trong thuc tién.m
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