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Tom tat - Khi xay ra chay trong cac toa nha cao tang, d& ngan khoi
va khi doc vao cau thang thoat h|em bubng thang phéi dworc tao ap
suét dw bang hé thdng didu ap cau thang. Ap suat duw trong budng
thang phai trong gi¢i han cho phép dé dam bao ngan dwoc khdi,
dong thoi khong tao ra lwc can qué Ion khi mé clra thoat hiém. Ap
suat du trong budng thang phu thudc vao nhiéu yéu té va bién dbi
phtrc tap trong qua trinh thoat hiém. Bai bao nay trinh bay phwong
phap md phdng s bién thién clia 4p suat dw trong budng thang voi
cactinh huéng khac nhau. Viécmo phoéng dwoc thue hién bang phan
mém FDS, day 1 phan mém chuyén dung d& mo phong dong lyc
hoc clia dam chay. Qua d6 dé xuat giai phap gidp céi thign tt hon
hiéu qua hoat déng ctia hé théng diéu ap cau thang.

T khéa - md phdng; khéi; chay; cau thang; ap suét

1. Pit véan dé

Hién nay, van dé an toan cho con ngudi khi xay ra chay
trong céc toa nha cao tang 1a van d& rat dugc quan tam. Khi
xay ra chay, khéi va khi doc c6 thé lan nhanh dén cac khu vuc
xung quanh, trong d6 co ca cau thang thoat hiém. Dé ngin
khéi vio cu thang thoat hiém, trong cac tda nha cao tang hién
nay déu c6 hé thong diéu 4p cau thang dé tao ra ap suat du
trong budng thang [1], [6]. Viéc thiét ké hé thong diéu 4p cau
thang ¢6 thé dua theo cac tiéu chuan khac nhau nhu BS 5588-
part4-1998 cua Anh, NFPA-92A-1988 ctia My, AS1668-1
ctia Australia, CP13 ciia Singapor. Theo tiéu chudn TCVN-
6160-1996 thi 4p suit du trong budng thang hodc phong dém
khong dugc nho hon 2 kG/m? (xép xi 20 Pa) [4].

Ap suét du trong budng thang phu thudc vao nhidu yéu
t6 va bién ddi trong qua trinh hoat dong cua hé thong.
Trong qué trinh thoat hiém, cac cira luén mé ra roi dong lai
lam cho 4p suét du bién dbi. Do chit khi c¢6 tinh dan hdi
nén su bién ddi cua ap sudt du rat phic tap. Viée xac dinh
qui ludt bién doi cta ap suit du khong thé thyc hién bing
cac phép tinh toan thong thuong. Cac phin mém mé phong
s& gilp giai quyét bai toan nay.

Céc tai lidu k¥ thuat hién nay méi chi dé cap dén viéc
tinh toan hé thong didu 4p ciu thang trong ché do tinh ma
chua c6 dé cap dén ché do dong [1]. Phuong phép md
phong dudi déy cho phép khao sat, danh gia ché do dong
dé duara céc giai phap nang cao chit lugng cho h¢ thong
didu 4p cau thang. Pay la phuong phip dang dugc tmg
dung rong rii trén thé gidi.

2. Két qua nghién ciru va khao sét
2.1. Co sé Iy thuyét
2.1.1. Hé théng diéu &p cau thang
Hé thong diéu ap ding dé ting 4p suét & nhitng khu vuc

Abstract - When fires happen in high-rise buildings, to prevent
smoke and toxic gases into the emergency staircase, excess
pressure must be created in the staircase by stair pressurization
systems. Excess pressure in the staircase must be at permissible
limits to stop the smoke, and cannot create a resistance force too
big to open the exit door. Excess pressure in the staircase depends
on many factors and complex changes in the emergency exit
process. This paper presents simulation methods of pressure
variation in the staircase in different situations. The simulation is
performed using FDS software, a special software to simulate the
dynamics of the fire. Thereby the paper proposes measures to
improve operational efficiency of the stair pressurization systems.

Key words - simulation; smoke; fire; stair; pressure

can ngan chin khoi. Hé thong didu 4p can tao ra ap suét du
du 16n dé ngin chin khoi vao cac khu vuc thoat hiém,
nhung &p suit du ciing khong dwoc qua 16n dé dam bao cho
tré em va ngudi gia c6 thé diy dwoc ctra thoat hiém. Hé
thdng diéu 4p cdu thang c6 thé ap dung cho ca thang bo va
thang may. Dué6i day chi dé cap dén hé thdng didu ap dbi
v6i cau thang bo thoat hiém.

Trong hé thng diéu ap c6 thé sir dung mot hong phun
hodc nhiéu hong phun, véi nhitng toa nha siéu cao tang doi
khi phai sir dung hé thong diéu 4p phan ving dé tranh anh
huong cua hi¢u ing ong khoi. Trén Hinh 1 mé ta cac kiéu
diéu ap khac nhau tily theo cdu trac cta toa nha.

Tao &p 1 hong phun Tao ap nhiéu hong phun Tao &p phan ving

=iy

171711
1T 711

I
IH
|
|

Hinh 1. Hé théng diéu dp cdu thang

2.1.2. Ap sudt dur trong trong ché do tinh

Khi hé théng diéu ap cau thang hoat dong ¢ che d9 tinh,
do anh hudéng cta hiéu tng éng khoi nén &p suat du trong
budng thang thay ddi theo do cao.

Su chénh 1éch nhiét do gitta bén trong va bén ngoai cau
thang la nguyén nhan gay ra hiéu ung ong khoi. Nhiét do
trong buong thang c6 thé tinh theo cong thue [7], [8]:

Ts=To+ 7](TB - To) (1)
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Trong d6: Ts: Nhiét do trong budng thang (K);
To: Nhiét d6 bén ngoai nha (K);
Tg: Nhiét d6 trong toa nha (K);
77: hé s6 truyén nhiét.
Ap suét du tai d6 cao y [7], [8]:
AP, = APgy, + blas )
FR
Trong d6: Apssy: 4p suat du tai d¢ cao y (Pa);
Apsey: &p suét du tai ting dudi cung (Pa);
y: d6 cao (m);
Fr: hé s6 nhiét d6 (Pa/m);
Fr: hé s6 dong chay.
Ap suét du 6 tang trén cing [7], [8]:

HF,
ApSBt = ApSBb + = . 3)

R
Trong d6: H 1a chiu cao cta toa nha (ciu thang)
Hé s6 nhiét do [7], [8]:

F =% [1—1J @
R (T, T,

Trong d6:
g: gia toc trong truong, thuong ldy g = 9,81 m/s2;
Pam: 4p suat khi quyén (Pa);
R: hang s khi, thuong lay R =287 J/kg K.

Tai muc nude bién, biéu thirc trén trd thanh:

F =320 1 -1 (5)
TO TS
Hé sb dong chay [7], [8]:
2
Fo=1+ AgBTB (6)
ABOTS

Trong d6:

Asg: dién tich thoat khi giita cdu thang vdi toa nha (m?);

Ago: dién tich thoat khi gifta tda nha v&i bén ngoai (m?);

Tg: nhiét d¢ trong toa nha (K);

Ts: nhiét d6 trong ciu thang (K).

 Trong truong hop Asg nho hon nhiéu so véi Ago thi c6

thé lay Fr = 1.

Trén‘ Hinh 2 1a d thi minh hoa sy thay dbi cua ap sut du
theo chi€u cao tdoa nha trong cac di€u kién khi hau khac nhau.

Ap suat du trung binh [7], [8]:
2
4 [ AP§s: —APSE, J )
9 ApSBt _Apssb

Trudng hop ap suét du it thay dbi c6 thé tinh gin dung
theo cong thuc:

ApSBav =

ApSBaxv = ApSBt ;ApSBb (8)

A . A

a, Khi hau mua dong b, Khi hiu mua he

Céu thang khong c6 khe ho

Céu thang c¢6 khe ho

Hinh 2. Sy thay déi ciia 8p sudt dur theo dg cao

Theo cong thirc (3) thi chiéu cao toa nha cang I6n thi
d6 chénh léch 4p suit gitra tang trén cung va dudi cing
cang nhiéu, khi d6 4p suat du trong budng thang c6 thé nim
ngoai giéi han cho phép. Chidu cao gidi han ciia toa nha dé
ap suat du nam trong gidi han cho phép [7], [8]:

H = 2,89.10_4 FR (Apmax _Apmin) (9)
) 11
To Ts

Trudng hop chiéu cao toa nha vuot qua chiéu cao giéi
han thi can phai c6 giai phap d€ khac phuc sy chénh 1éch
ap suat, chang han nhu giai phap di€u ap phan ving.

Vi du:

Cho biét T, = 295 K (22°C), Ts = 300 K (27°C)

Theo QCVN 06:2010 [5]:

Apmax = 50 Pa., Apmin = 20 Pa.

Fr=1 (Ass << Ago)

Ap dung cong thirc trén ta tinh dugc Hpm = 153,5 m

Néu nhiét d6 bén trong va bén ngoai toa nha cang chénh
1éch thi anh hudng cua hiéu tng ong khoi cang manh, khi
d6 chiéu cao gidi han s€ cang giam.

2.1.3. Ap sudt du trong ché dé dgng

Ché d6 dong c6 thé xuat hién khi quat gi6 thay doi toe
d9, cac van gi6 dong hoac md, cua thoat hiem dong hoép
mo, moi trudng bien doi... Cac tac dong d6 1am cho ap suat
du bicn doi theo thoi gian. Viée khao sat sy bién doi cia ap
suat du c6 the dua vao phuong trinh miéu ta dong chay cua
chat luu, d6 1a phuong trinh Navier-Stokes.

Phuong trinh Navier-Stokes dugc xay dung tir cac dinh
luat bao toan khoi lugng, dong Iuwgng va nang lugng. dugc
viét cho mot thé tich bat ky [2], [9]. Dang tong quat cua
phuong trinh:

p(gl:+u.Vu):—Vp+V.T + f (10)
Trong d6: Vp = grad p 1a Gradient 4p suit;
T 1a Tensor tng Suét;
V.T =divT 1a cac lyc bién dang trong chét luu,
thong thuong do hi¢u ung cta tinh nhdét;
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f 1a cac luc khac (ching han nhu trong Iyc).
Ap dung véi chit khi ta co phuong trinh viét dudi dang
tensor [9]:
T

0
ox +p9, + £y,

i i

(11)

opu. 0 op
S+ — (Ul ) =———
a T (puu;) ==—
Trong d6: p 14 ap suat ;

71a tensor ng suét ;

p 1a khoi lugng riéng ;

fq,i dac trung cho lyc can chua xac dinh ;

u 12 van toe c6 3 thanh phan u= Ux; Uz = Uy; Us = Uy

~ bay la phuong trinh vi phén riéng phi tuyén nhiéu an

s0. Cho dén nay chua c6 101 giai hoan chinh cho phuong
trinh nay. Phuong phap pho bien hién nay d¢€ gidi bai toan
nay la sir dung phuong phap sai phan gan ding véi su tro
giup cua may tinh.

. Phuong phap mé6 phong s6 tryc tiép (DNS) thuc hién
bang cich chuyén truc ti€p phuong trinh Navier-Stokes
sang phuong trinh sai phén. Tuy nhién theo phuong phéap
do thi khoi lugng tinh toan s& rat 16n va s& mat rat nhiéu
thoi gian dé gidi mot bai toan.

Phuong phép pho bién hién nay dé gidi bai todn nay Ia sir
dung phuong phap LES (Vi€t tit cua Large Eddy Simulation),
phuong phap nay xuat phat tir viée loc thong thap trong mdot
khoang cach A d€ loai bo b6t nhimg thanh phan bien thién
nho, nho d6 ma giam duoc khoi luong tinh toan. Dy la
phuong phap dugc st dung trong phan mém FDS.

2.2. M6 phdng sy bién thién ciia &p sudr du trong buéng
thang thoat hiém bang phan mém FDS

2.2.1. Sir dung phan mém FDS dé md phong sw bién thién
cua cac thong so

FDS (viét tit cua Fire Dynamics Simulator) 1a mot phan
mém md phong dong luc hoc chat luu cua dong khi va lwa
chuyén dong. Phan mém nay gidi quyet cac bai toan md
phong LES trén co sé cac phuong trinh Navier-Stokes [2],
[31, [91, [10].

Két qua md phong thuong dugc hién thi duéi dang hinh
anh 3D nh¢ phan mém Smokeview di kém véi FDS. Ngoai ra
cac dir li€u m6 phong con duoc luu trong file c6 phan mo rong
1a csv. Co the hién thi két qua dudi dang do thi bang cach m¢
file vdi Excel, sau d6 tao do thi vdi cong cu Chart [3].

Bai todn md phong dugc dat ra voi 2 truong hop:

- Trudng hop 1: Toa nha 20 tang. Quat ting 4p co
Qmax = 6 M3/s, Pmax = 500 Pa;

- Truong hop 2: Toa nha 40 tang. Quat ting ap c6
Qmax = 8 M¥/s, Pmax = 500 Pa.

Céc thong sb con lai trong 2 trudng hop gidng nhau:

- Dién tich budng thang: (5 x 3) m;

- Chiéu cao mdi tang: 3 m;

- Nhiét d6 trong budng thang: 25°C;

- Nhiét d6 ngoai troi: 22°C;

- Quat tang ap duogc dat trén tﬁng thuong.

Trong thoi gian dau tat ca cac cira thoat hiém déu dong,
dén thoi diem 10s thi cira tang dudi dung mé ra va dén thoi

diém 11s thi dong lai. Gia thiét bo qua quan tinh cua quat
gi6 khi khoi dong.
2.2.2. Két qua md phong

Sau khi thyc hién chuong trinh m6 phéng cho 2 truong
hop. K&t qua mo6 phong xem bang Smokeview nhén dugc
nhu Hinh 3 cho toa nha 20 tang (truong hop 1) va Hinh 4
cho toa nha 40 tang (trudng hop 2). Trong d6 nhiét do tai
moi vi tri dugc xac dinh thong qua thang vach mau.
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Két qua md phong co thé theo doi sy bién thién ap suét
du ¢ tirng tang cua toa nha. Trén d6 thi (Hinh 5) hién thi sy
bién thién cua ap suat du & tang trén cung va tang dudi

cung trong 2 truong hop.
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Hinh 5b. Si thay déi ciia dp sudt duw (TH 2)

Néu khong c6 tac dong nhiéu do m¢ va dong cura thi
sau mot khoang thoi gian, ap suat du trong buong thang s&
on dinh va h¢ thong tro vé ghé d0 tinh. V&i toa nha 2Q tang
nhu trong trudng hop 1, néu khong c6 tac dong nhicu thi
d6 thi bien thién 4p suét nhu trén Hinh 6. B9 chénh ép giita
tang trén cung va dudi cung sau khi 6n dinh dat gia tri
khoang 7 Pa. Néu tinh theo cong thirc (3) ctia ché do tinh
thi d§ chénh ap la:

HF
APgg; —APggy, = ?T
R
1 1
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295 298
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Hinh 6. Si thay doi ciia dp sudt du khi khéng c6 nhiéu

3. Ban luan
Két qua md phong cho thay, khi hé thong diéu ap cau
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thang hoat dong thi 4p suat du trong budng thang bién thién
phirc tap. Trong qua trinh bién ddi cua 4p suét du luén kém
theo sy dao dong. Nguyén nhén cua sy dao dong chinh do
tinh dan hdi cua chat khi ma dugc thé hién thong qua
phuong trinh Navier — Stokes.

Khi mot cira thoat hiém mé ra roi dong lai, ap sudt du
tai khu vuc d6 c6 su bién doi dot ngdt. Theo d6 thi bién
thién cua ap suat du ta thay:

- Trong khoang thoi gian dau, khi 4p suat budng thang
chua kip tang thi ap suat du & tang 1 ¢6 lac co gia tri am do
anh hudng cta hiéu tmg 6ng khoi.

- Trudc khi mo cira thoat hiém thi 4p suat du trong
budng thang twong ddi 6n dinh.

- Khi m¢ cira thodt hiém tang 1 tai thoi diém 10s thi 4p
suat dur tai d6 giam xubng dudi 10 Pa (trong ca 2 truong hop).

- Khi cira thoat hiém tang 1 duoc déng tr6 lai ¢ thoi
dlem 11s thi 4p sudt du tai d6 ting vot 1én rdi méi giam
xudng gia tri binh thuong. Trong truong hop 2 thi hién
tuong tang vot ap suét di&n ra manh hon so véi truong hop
1. Ap suét du trong trudng hop 2 vuot qua 80 Pa roi giam
xuong. Hién tuong tang vot ap suat du co thé tao ra cac
xung luc khéng mong mudn va tham chi c¢é thé tao ra cac
tinh huéng nguy hiém.

- Ap suit du ¢ ting 1 bién thién nhiéu hon so véi cac
tang trén do tinh dan hoi cuia cot khong khi. Chiéu cao cot
khong khi cang 16n thi tinh dan hdi cang manh lam cho ap
suat du bién thién cang nhiéu. O day chiéu cao cot khong
khi dugc tinh tir vi tri dat quat (tang thuong) dén vi tri can
khao sat. O trueong hop 2, do chiéu cao cua cot khong khi
gap doi so véi truong hop 1 nén ap sudt du trong budng
thang bién thién nhiéu hon.

- Néu khong co tac dong nhidu do md va déng cira thi
khi hé thong on dinh, d6 chénh ap giita tang trén cing va
duéi cing qua md phong phu hop voi két qua tinh theo
cong thirc trong ché do tinh.

4. Két luan

Viéc nghién ctru ché do dong ciia hé thong didu ap cau
thang von la bai toan rat phic tap. Hién nay ¢ trong nude chua
c6 cong trinh khoa hoc nao nghién ctru vé van deé nay, trong
khi cic nha cao tang ¢ Viét Nam khong ap dung gidi phap

phan ving dé diéu ap nhu cdc nudc phét trién. Phuong phap
md phong bang phin mém FDS cho phép khao sat va danh
gia su bién thién clia cac thong sb, qua do dé xuét cac giai phap
nang cao chat lugng cho h¢ thong diéu 4p cu thang.

Qua so sanh két qua nghién ctru trén day cho thiy khi
hé thong diéu ap cau thang hoat dong thi ap sudt du trong
budng thang bién thién phirc tap va chiu anh huong cia
nhiéu yéu t6. Trong d6 mot yéu t6 quan trong 13 chiéu cao
clia toa nha. Chiéu cao cua toa nha cang 16n thi anh hudng
clia hiéu img dng khoi cang 16n, din dén sy chénh 1éch ap
suat du gifra tang trén va tang dudi cang nhiéu. Mit khac
khi chiéu cao toa nha cang 16n thi sy bién thién cta ap suét
du cang phtc tap va khé kiém soat.

Vi vy dbi voi nhitng toa nha siéu cao tang, khi thiét ké
hé théng didu ap cau thang can nghién ciru 4p dung giai
phap diéu ap phan vung. Bang cach d6 vira giam dugc anh
huong cua hiéu ing ong khoi, vira giam duoc sy bién dong
clia ap suét du.
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