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NGHIEN CUU CAC PHUONG AN PHONG DAN PHAN LUC
DAP LUA CHUA CHAY NHA CAO TANG
TU PHUONG TIEN BAY KHONG NGUOI LAI

Hoang Thé Diing’, Nguyén Ptrc Thuan

Tém tit: Cong tic chita chdy nha cao tang, siéu cao tang & nwéc ta hién dang gdp
nhiéu khé khan do thiéu hut vé phirong tién phong chay, chita chay hiéu qua. Gidi phdp sir
dung déng co phan hec dé dwa cdc chat dap hiea dén khu vue chéay tir phwong tién bay
khéng nguoi ldi, vica dam bdo kha ning ddp chdy & cdc tang cao, nhitng khu viee cdch ly
khé tiép cdn, vira dam bdo tinh kip thoi, nhanh chong khi trién khai ciru héa va dam bao su
an toan cho luc lwong phong chay, chita chay. Két qud nghién ciru cé thé dp dung vdo thuc
tién de trién khai ché tao mét t6 hop chita chdy tir xa hodn chinh phuc vu chita chdy nha
cao tang, cdc kho tang héa chat, ... cho luc lwong phong chay, chita chay chuyén trach.

Tir khoa: Thiét b chita chay; Dong co phan luc; Drone.
1. PAT VAN DE

Hién nay, & nudc ta, dé chita chay nha cao tang, luc lugng Phong chay, chira chay-
Ciru nan, ctru ho (PCCC&CNCH) thudng st dung cac xe thang chuyén dung. Tam véi
cao nhét cua xe thang loai nay chi dat 56 m (tvong ung d6 cao 15-18 tang theo
TCXDVN 323:2004). Mat khac, do c6 tai trong va kich thude 16n nén viéc van hanh xe
thang trong mot s6 khu vuc noi thanh rat kho khian nhu: gy sap cong, dut day dién,
duong cua xe dai khong qua duoc dudng dong, ngd nho,... Riéng dbi véi cac nha siéu
cao tang (40 ting trd 1én - twong duong chidu cao 144 m) thi chua co loai phuong tién
chita chay nao dap ung dugc, ma chu yéu sir dung cac hé thong ky thuat duoc trang bi tir
trude cla toa nha. Xuat phat tir thyc trang d6, viéc dé xuat xay dung giai phap chita chdy
mg dung dong co phan lyc trén phuong tién bay khong ngudi 1ai c6 thé nang cao tinh
hiéu qua cong tac PCCC&CNCH néi chung va cho nha cao tang néi riéng.

2.COSOLY THUYET

Gia str ddi twong can chira chay la toa nha van phong cao tang ¢ tuong bao duge lam
tu kinh cuong lyc, theo tiéu chuan xay dung, chiéu cao tam kinh la 3 m + 3,6 m (xem
hinh 1). Giai phap chira chay d¢ xuét 1a sir dung phuong tién bay khong nguoi lai
(Drone) tiép can ctra s6 phong co6 dam chay, phong vién dan pha kinh va sau do phong
vién dan mang chit dap lira vao bén trong phong dé dap tit dam chay.

Trong pham vi nghién clru cua bai bao, gia thiét thiét bi bay khi phong dan 1a dimg
yén va kinh cuong luc da duoc pha, tién hanh khao sat cac ndi dung sau:

- Lugng bot chita chay can thiét tuong img voi dién tich/thé tich dam chay can dap tat;

- Khoang céach tur vi tri Drone dén vi tri dam chdy L va dg cao Drone so v6i san nha H;

- Phuong an dong luc ctia dong co phong vién dan dap lta.

Dé dam bao tinh an toan, giam tinh sat thuong d(‘)i’ v&i nguoi trong can phong, vién
dan dap lra dugc phong vao bén trong khong c6 két cau kim loai hodc nhirng vat li¢u co
do cung tuong tu.

Céu tao hé thong phong dan dép ltra (hinh 2) bao gdm 6ng phong bang kim loai; dong
co phong su dung thuoc hoa thuét hodc thudc phong ballistic; dau dan dap lura gom bot
ABC nhoi vao trong éng lam bang bia cacston, & giita kh6i bot nhoi thude phéo dé giai
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phong bét ra khu vuc chay, thudc phéo dugc kich hoat bang day chay chdm. Bong co
phong sau khi day dau dan dép Itra ra khoi ong phong s€ duoc giir lai trong Ong.
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Hinh 1. So do trién khai gidai phap chita chdy nha cao tang.
Dong co Ong phing  Bot ABC Vo bia cacton Thuée phéo
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Hinh 2. So d6 hé thong phéng dan dip hira.
2.1. Xac dinh khoi lwong bt dap lira va khoi lrong thudce phao
Gia su bot dap lua dugc giai phong dudi dang hinh cau, khi d6 khéi lwong bot can
thiét dugc xac dinh theo cong thurc:

o %7{3_(1)3 , ®

T
Trong do: Sy - Dién tich vung chay can dap tat, [mz]; pd - Mat do bot chiém chd céan
thiét trong khong gian dap ltra, theo tiéu chuan TOCT 53280.4-2009 cua Nga [2], pg =
0,35 kg/m®.
Thubc phéo khi chay trong budng kin tao ra ap suat cao giai phong bot dap lira ra moi
truong theo nguyén 1y lan truyén ap suat. Gia tri ap sut theo ban kinh tinh tir tim dau
dan dap ltra dugc xac dinh nhu sau [3]:

3 3 2
N Py { @y ), 4

Trong d6: R - Bén kinh lan truyén ap suét tinh tir tim dau dan dép ltra, [m]; wy - Khi
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lwong thude phéo twong dwong, [kg]; g - Gia tde trong trudng, [m/s?].

Khéi lwong thude phéo can thiét dé giai phong bot dap lira:

_ P
@ klkz (3)

Trong d6: k; - Hé sb c6 tinh dén anh hudng cta bé day 16p bot, d6 bén vo dau dan dap
Itra; ko - HE s0 c6 tinh dén anh huong cua nhiét lwong chay thuoc phao.
2.2. Xéc dinh cac tham s6 chuyén dong ciia dan va téng xung ciia dong co phéng

Bé phong duoc dau dan dap lua tir Drone vao trong phong c6 dam chay can xac dinh
van toc dau nong cua dan sau khi ra khoi 6ng phong [1]:

__ L g
~ cosa \/Z(H +L-tana,) “)

Trong do: L - Khoang cach tir Drone dén d¢am chay, [m]; ap - G6c 6ng phong so voi mat
phang nam ngang, [rad]; H - P cao tir vi tri Drone dén mat san phong c6 dam chay, [m].

Thoi gian chuyén dong ciia ddu dan tir khi phong dén khi roi xudng san 1a:

td:JZ(H +L-tang,) )

9

Qua dan dap lua chuyén dong trong ong phong dudi tac dyng cua luc day dong co, dé
dat duoc toc do dau nong Vo, dong co can c6 tong xung luc day dugc xac dinh tir phuong
trinh cAn bang nang luong nhu sau [1]:

w=M \/\/2+2f <Ly, COS (6)

O day: Ms - Khdi lugng qua dan, bao gdm dau dan dap lra va dong co phong, [kg];
fms - HE s0 ma sat truot gitra qua dan va mit trong 6ng phong; Lop - Chiéu dai duong
trugt ciia 6ng phong, [m].

Thoi gian chuyén dong cta qua dan trong 6ng phong:

_V Z tdc (7)
Idc

Trong do, ty la thoi gian hoat dong cua dong co phong, [s].
2.3. X4c dinh khéi lwong thubc hoa thuat va quy luit chay ciia né

Do dong co phong dugc tach ra khoi déu dan déap lira va duoc giit lai trong 6ng phong
nén dé giam lyc va dap gilta dong co va éng phong, thi thoi gian hoat dong cua dong co
can nho hon thoi gian chuyén dong cua qua dan trong 6ng phong. Dé thoa man diéu kién
nay, tac gia dé xuat sir dung thudc hoa thuat 1am nhién lidu cho dong co phong.

Khoi luong thude hoa thuat can thiét dé tao ra luc day cho dong co 1a [4]:

1_
m, = S, —rf ®)

Trong d6: uy - Tée d6 chay cua thude hoa thuat, [m/s]; pt- Mat do thudc hoa thuat,
[kg/m®]; t; - Thoi gian chay thudc hoa thuat, [s]; n - H¢ sd giam dlen kich thudc thube
hoa thuat; S; - Dién tich bé mit chay ban dau cta thude hoa thuat, [m ]
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Quy luét bién dbi ap suit trong budng ddt dugc xac dinh tir cong thic:
g aft ot
P (t) _NThe S.e b
1 — ﬁ e_ﬂt
Y2
Trong do: yi1, y> - Nghiém cua phuong trinh ddc trung biéu dién qua trinh chay, bién
doi nang lugng cua thudc hda thuat [4]; § - HE so thoi gian.

(9)

Luc day cia dong co c6 dang:
P(t)=C,p(t)F, (10)
Trong d6: C, - Hé s6 luc day; Fy, - Dién tich tiét dién t6i han ctia loa phut, [m?].
3. KET QUA TINH TOAN, KHAO SAT

3.1. Céac tham s ban dau

Cac dam chay ¢ cac khu van phong cao tang thuong 13 cac dam chay loai A (co chat
chay la go, gi:éy, nhua,...) Vf‘l loai C (thiét bi dién), do d6, luva chon loai bot chfr:a chay kho
ABC lam chat dap lua. B¢ giai phong bot chira chay ABC st dung loai thude phdo c6
thanh phan hoa hoc co ban tir Kali nitrat (KNO3) va chat chay. Thudc hoa thuat st dung

cho dong co phong 1a thudc den s6 1 hat to theo TCVN/QS 839:2013. Céc tham s dau
vao dé tinh toan, khdo sat dugc néu trong bang 1.

Bing 1. Cdc tham sé ky thudt ciia cdac thanh phan dan dép lira.

TT Tham s Pon vi Gia tri
1 | Mat d6 nhdi bot kg/m® 750
2 | M4t do nhdi thubc phao kg/m® 1650
3 | Mat d6 nhdi thudc den kg/m® 1650
4 | Nhiét lugng chay thudc den kcal/kg 730
5 | Chisb chdy doan nhiét thube den - 1,12
6 | Bé day vom chay hat thubc den mm 1
7 | Van tbc chay cua thudc den m/s 0,07
8 |Khdi lugng phan tir san phdm chay thudc den kg/mol 17,26
9 | Hang s6 khi san pham chay thudc den J/kgK 481,69
10 | Thé tich tyr do ban d4u ciia budng ddt m® 410"
11 | Goc phong do 10
12 | Hé s6 ma sat giita dan va dng phong - 0,15
13 | Chiéu dai dudng truot m 1,2
14 | Ap suat moi trudong MPa 0,1013
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3.2. Tinh toan, lwa chon phwong 4n thiét ké dan dap lira
- Khdo sdt cdc phwong dn dau dan
Dé ¢6 can ctr lya chon phuong an thiét ké dau dan dap Iua, tac gia dé xuét mot sd
phuong 4n theo dién tich dam chdy can dép tit 1a 2,5; 55; 8; 10; 12 m”. Két qua tinh toan
duoc trinh bay trong bang 2. Ap suat giai phong bot chira chay theo ban kinh tinh tir tim
dau dan dap Itra duoc biéu dién nhu trén hinh 3.
Bing 2. Két qua tinh todn cdc phwong én dau dan dép hia.

, Dién tich dam chay, m?
TT Tham sb DbVT
25 5,5 6 10 12
1 [Khdi luong bot chita chay kg 0,99 3,32 5,67 7,93 10,42
2 |Khdi luong thude phéo g 991 | 33,23 | 56,74 | 79,29 | 104,2
3 |Puong kinh dau dan mm | 100 100 100 100 100
4 |Chiéu dai dau dan mm | 127 425 727 1016 1335
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Hinh 3. D6 thi dp sudt gidi phéng bét chita chdy.

- Khao sat cac phwong an phong

Pan déap lira dugc phong tir dng phéong tir vi tri phuwong tién bay Drone dén khu vy
chay. Vi tri Drone dugc xac dinh thong qua khoang cach L va d6 cao H (xem hinh 1).
Khoéang cach L du’(_)’p khao ség tir 5 m dén 20 m, dg) cao H cua Drone so v&i mit séq du’gc
khao sat trr 0,5 m dén 3 m. D& dan dugc phong dén dich, voi goc phong 10°, van toe dau
nong cua dan ra khéi ong phéng can dat tuong ung véi cac vi tri cua Drone dugce tinh
toan nhu trong bang 3. Trong tinh toan, do cu ly phong dan 1a gan nén bo qua lyc can khi
dong va céc yeu to bat 1oi khac tac dong 1én qua dan khi bay.

Nhu viy, dé phong dugc vién dan tir khoang cach xa nhat 20 m, khi Drone dtng & vi tri
chinh gitra ctra s6 can phong bi chay (1,5 m), toc dd dau nong vién dan can dat 1a 20 m/s.
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Bing 3. Vin téc dau nong cia dan ddp lira.

o Lmg 10 12 16 20
0,5 0565 | 14.946 | 16.683 | 19741 | 22.411
1 8196 | 13526 | 15286 | 18.404 | 21.137
15 7285 | 12447 | 14189 | 17.307 | 20.058
2 6623 | 11591 | 133 | 16385 | 19.129
3 5706 | 10302 | 11.929 | 14911 | 17.603

- Khao sat cac phwong an dong luc

Dél v6i cac phuong an dau dan dap lya dugc tinh toan nhu trong bang 2, dé dat duogc
van toc dau nong 20 m/s, dong co phong can dat cac tham sb duoc tinh toan nhu trong bang
4. P thi 4p suat va lyc day cac phuong an dong co dugc trinh bay nhu trong hinh 4 va hinh
5. Céc quy dao phong dan c6 toc do dau nong 20 m/s dugc trinh bay nhu trén hinh 6.

Bing 4. Két qua tinh todn cdc phwong dn dong lic.

. Dién tich dam chay, m
TT]| Tham so DVT
25 | 55 6 10 12
1 |Khéi dong co va dau dan kg | 1,60 | 3,96 | 6,33 | 8,61 | 11,13
2 | Tong xung luc day Ns | 32,16 [79,47|127,16|172,92|223,52
3| Thoi gian lam viéc cua dong co s | 0,014 |0,014| 0,014 | 0,014 | 0,014
4| Thoi gian chuyén dong trong éng phong| s | 0,12 [ 0,12 | 0,12 | 0,12 | 0,12
5 |Khbi luong thude hoa thuat kg | 0,025 | 0,06 | 0,094 | 0,129 | 0,165
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Hinh 4. Do thi dp sudt lam viéc trong buong dot dong co.
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Hinh 5. D6 thi lwc ddy ciia déng co.
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Hinh 6. Quy dao phong dan dép lira véi Vo =20 m/s .

T bang 4, do thg)fi gian lam viéc cua dong co (0,014 s) nho hon thoi gian chuyén
dong cua dan trong 6ng phong (0,12 s) nén c6 thé cho rang toan bd nang lugng day cua
dong co da duoc chuyen hoa thanh dong nang cta qua dan va voi phuong an gitr dong co
phong lai trong ong phong thi lyc va cham gilta dai dong co va dai ham trén 6ng phong

cling giam. Vi thiét ké hop 1y, va cham giira cic dai 1a va cham mém thi vén toc ctia hé
Drone-ong phong sau va cham (khi dan da dugc phong) c6 gié tri tinh toan 1a 0,6 m/s.

4. KET LUAN

Bai bao da xay dung duoc mot sb phuong an két céu-d(f)ng luc cho vién dan dap ltra
dé dap tit cac dam chay co dién tich khac nhau, tir cac vi tri phong khac nhau. Két qua
tinh toan 1a co s& khoa hoc dé Iwa chon phuong an thiét ké hé théng thiét bi chira chay
nha cao ting sir dung thiét bi bay khong ngudi 1ai va xay dung chién thuét chira chay cho
lwc lwong PCCC&CNCH khi st dung thiét bi chita chay nay.
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ABSTRACT

FIRE FIGHTING SOLUTIONS FOR HIGH-RISE BUILDINGS BY JET ENGINE
PUT ON UNMANNED AERIAL VEHICLE

The fire fighting of high-rise and super-high-rise buildings in our country is
currently facing many difficulties due to the shortage of effective fire prevention
and fighting equipment. The solution of using jet engine to bring fire extinguishing
agents to the fire area from unmanned aerial vehicles (UAV), both ensuring the
ability to extinguish fires on high floors, difficult-to-access isolated areas, and
ensuring timely and quickly when deploying fire fighting and ensuring the safety of
fighting forces. The research results can be applied in practice to deploy and
manufacture a complete remote fire fighting complex for high-rise fire fighting,
chemical warehouses, etc. for specialized fire prevention and fighting forces.

Keyworks: Fire fighting equipment; Jet engines; Drone.
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