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PHAN TICH SU THAY BOI CAC THONG SO
CUA HE THONG TAO AP CAU THANG
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Tom tat: Hé thong tao ap cau thang dung dé tao ap suét du cho cau thang thoat hiém khi xay ra chay. Nhor
d6 ma ngédn chan khoéi tran vao céu thang, ddm bao an toan cho con nguwoi khi thoat hiém. Hé théng nay
duoc thiét ké theo céc tiéu chudn an toan dé phat huy tét nhét vai tro ctia né. Tuy nhién céc théng sé nhur 8p
sudt, lvu luong, van tée gid sé thay dbi phire tap do dnh hudng ctia nhiéu yéu té nhur hiéu tmg 6ng khdi, dién
tich cac khe hé, s6 ctra mé... Bai bao nay sé trinh bay phuong phap phén tich danh gia sy thay doi cda céc
théng sb6 trong hé théng tao ap cau thang bang phan mém CONTAM - sén pham dugc phét trién béi Vién
tiéu chuén va céng nghé quéc gia (NIST) cta My.

Tirkhéa: Tao ap clu thang; 4p suét; khoi: chéy; tiéu chuén an toan.

Summary: Stairwell pressurization systems are used to create excess pressures to the stairwell when the
fire occured. This system is to prevent smoke entering the stairs, safe for humans to escape. The system is
designed according to the safety standards in order to promote its role best. However, parameters such as
pressure, flow, wind speed complex will change due to the influence of factors such as the stack effect, the
leakages, the door opened, etc. This paper will present analytical methods to assess the change of the
parameters in the stairwell pressurization systems by using CONTAM software developed by the The
National Institute of Standards and Technology (NIST) ofthe US.
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(® 1.pstvanas

Khi xay ra chay trong cac tda nha cao tang, khoi s& nhanh chéng lan ra cac hanh lang, bi hit vao cau
thang thoat hiém va lan 1&n cac tAng phia trén, gay khé khan cho viéc thoat hiém. Bé ngan chan khoi tran vao
cau thang, hién nay theo cac tiéu chuan cla ca trong va ngoai nwéc déu qui dinh phai co hé théng tao ap cau
thang [1]. Hé& théng nay hoat déng khi xay ra chay dé tao ra ap suat dw, ngan khéng cho khoi vao cau thang.
Theo tiéu chuan cla Viét Nam TCVN 6160:1996 thi ap suat dw trong budng thang hoéc phong dém khéng
duwoc nhd hon 2 kG/m® (xap xi 20 Pa) [2]. Tuy vay, ap suat dw cling khéng duoc qua Ién, néu khdng sétaora
lirc ham Ién khi ddy clra thoat hiém. Tiéu chudn mét sé nwdc [4] cd dwa ra qui dinh ap suét dw I&n nhét |a tiy
60 Pa (Anh) dén 133 Pa (M{), con theo QCVN 06:2010 thi qui dinh ap suat dw I&n nhéat1a 50 Pa[3].

Hién nay viéc thiét ké hé théng tao ap ciu thang dwa theo nhiéu tiéu chuan khac nhau. Tuy nhién,
hiéu quéa hoat déng cha hé théng chiu anh hwéng clia nhiéu yéu té va cac théng sé trong hé théng bién dbi
phrc tap trong nhteng diéu kién khac nhau. V&i cac tda nha cé sb tng cang Ién thi anh hwéng cla hiéu ng
dng khoi cang manh. Trong thuc té, viéc tién hanh thye nghiém véi tirng hé théng cu thé sé ratkho khan va
phirc tap, dwdi day sé trinh bay phwong phap st dung phan mém CONTAM dé phan tich sy bién déi cla
cac thong sb ap suét, lwu lwong, van tée gié do anh huédng cla hiéu ing éng khoi va sb civa mé. M6 hinh
mo phéng cho cau thang ctia mot tda nha 15 tAng dé minh hoa cho phwong phap. Trén co s& dé co thé van
dung dé phan tich, khao sat cac théng sb clia hé thdng tao ap cau thang ddi véi tirng toa nha cu thé va dua
ra gidi phap hoan thién cho hé théng.
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(@ 2.Phwongphapnghién cieu

Viéc nghién clru dwoc tién hanh dwa trén 2 phwong phap la: Phuong phap nghién ciru ly thuyét va
phwong phap mé hinh héa. Cac két qua nghién ciru ly thuyét va mé hinh hoa dwoc so sanh véi nhau dé
danh gia do tin cay clia két qua.

2.1 Nghién cteu Iy thuyét

2.1.1 Nguyén ly co'bén ctia hé théng tao ép cau thang

Hé théng tao ap cau thang cé thé ap dung cho ca thang bd va thang may thoat hiém. Dwéi day chixin
dé cap dén hé théng tao ap dbi véi cau thang bd thoat hiém (Hinh 1).

Tao ap 1 hong phun Tao ap nhiéu hong phun Tao ap phan viing

Hinh 1. Hé théng tao 4p cau thang

Trong hé théng tao ap c6 thé st dung mét hong phun hoac nhiéu hong phun, véinhirng tda nha siéu
cao tang d6i khi phai st dung hé théng tao ap phan ving dé tranh anh hwéng ciia hiéu (ng dng khai [5, 6].
Viéc tao ap cau thang bd co6 thé bao gom ca tao ap tién sanh va hanh lang thoat hiém.

2.1.2 Tinh toan dé chénh ap

Dé chénh ap gitra trong va ngoai cau thang tai tirng vj tri chiu &nh hwéng nhiéu cta hiéu ng 6ng
khoi va dién tich thoat khi clia cau thang.

Hiéu (rng 6ng khoi dwoc dinh nghia 1a dong chay thang ding ctia khdng khi do sw chénh léch nhiét
dé gitra bén trong va bén ngoai cla tda nha [5, 6]. V&i hiéu ting dng khoi théng thwdng cb sw chuyén déng
cla khi lén cao trong mét truc clia toa nha (cau thang, thang may...) khi khéng khi b&n ngoai tda nha la lanh
hon so véi khdng khi bén trong. Khi nong trong phang cé khéi lgng riéng nhé hon sé thoat ra bén ngoai &
phiatrén, con khi bén ngoai co khéi lwong riéng Ién hon sé tran vao phong & phia dwdi. Nhw vay & phia trén
ap suét bén trong nha Ién hon phia ngoai, con & phia dwéi ap suat bén trong nhé hon phia ngoai. Khi nhiét
dé trong nha nhé hon nhiét dé ngoai nha thi xay ra hiéu (rng 6ng khoi nguorc.

Néu gia thiét bubng thang la mét truc thang dirng khéng cé khe hé xung quanh thi dé chénh ap gitra
trong va ngoai ciu thang dugc tinh theo cong thire [5]:

11
Apg, = 3460[?—?] v (1)

o §

& g s = & 2 e Hiéu (ng dng khoi thuting Hiéu (g dng khoi nghich
trong dé: Apg, 1a d6 chénh 4p tai dd cao y

(Pa)vaT,lanhiét dd ngoai cau thang (K) va
T, lanhiétdd trong cau thang (K).
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Hinh 2. Hiéu (ng 6ng khéi trong toa nha
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Trong thire té két cAu clia ciu thang ludn cé cac khe hér thdng véi hanh lang va thdng véi bén ngoai nha.
Khi clra thoat hiém dwoe mé lam cho dién tich thoat khi tang I1&n sé& cang lam cho dé chénh ap thay ddi nhiéu.

Do diéu kién thoi tiét ma nhiét dé trong budng thang khac véi nhiét dd méi trwéng xung quanh nha va
cling khac véinhiét dd trong tda nha. Nhiét dé trong cau thang dugc tinh theo céng thirc sau [5]:

Ta= Ttn(Te—1T) (2)
trong do: T. 1a nhiét d6 trong cau thang (K); T, 1a nhiét dd bén ngoai nha (K); T, la nhiét dé trong téa nha (K)
van la hé sb truyén nhiét, thwérng lay trong khoang 0,05 dén 0,15.

Nhiét dé trong tda nha dwgc xac dinh la nhiét dé & cac hanh lang thoat hiém.

D& chénh ap gitra cAu thang va trong tda nha tai dé cao y [5]:

ApSBy = Apsgf; + Ji:} (3)

Fie
trong do: Apg,, la 36 chénh ap tai d6 cao y (Pa); Apsg, 1a dd chénh ap tai tang dwi cung (Pa); y 1a d6 cao (m);
F;lahé sonhiétdd (Pa/m)vaF.lahé st dong chay.
Hinh 3 mo ta sw thay ddi clia d6 chénh ap theo dd cao va theo didu kién thevi tiét khac nhau [4]. V&i thei
tiét mua déng thi xay ra hiéu (rng 6ng khéi thuwerng, con véi thvi tiét mua hé xay ra hiéu (eng 6ng khéi nguroc.
D& chénh ap & tng trén clng:
AP gy = ADgy, + % (4)

R
trong dé: H la chiéu cao cla téa nha (cAu thang).

Hé sé nhiét do:

P (1 1
Fo=8am| * 5

©OR (T TJ ©
trong dé: g 1a gia téc trong trwéng, thweng ldy g = 9,81 m/s’; P, |a 4p suét khi quyén (Pa) va R 1a hang sb
khi, thwérng 1y R = 287 J/kg K.

ht : ht

a. Khi hdu mua déng b. Khi hdu maa he
Céu thang khéng cé khe hé&

___________ Céu thang cé khe hé
Hinh 3. S thay déi ctia d6 chénh &p theo do cao

Tai mirc nwée bién, biéu thive trén tré thanh:

F, :3200(%—}-} (6)
Hé s6 dong chay:

2
Fp= 1+—j§3? )
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trong do: A, la dién tich thoat khi gitva cau thang v&i toa nha (m®); A, la dién tich thoat khi giiva cau thang
v&ibén ngoai (m®); T, la nhiét d6 trong tda nha (K) va T, la nhiét dé trong cau thang (K).

Dé chénh ap gitra cau thang véingoai toa nha tai tang dwéi cung:

Apso=Fr Apgy, .

D& chénh ap gitra cAu thang véi ngoai toa nha tai tang trén cung:

Apyo=Fp Apg, .

Do chénh ap trung binh gilra cau thang v&i trong tda nha:

4[ 33 A 32 }2
Apg, == B 8D
SBav

I\ Apgs — APgs

D& chénh ap trung binh gitka ciu thang voi ngoai tda nha:

4 32 A3 )2
Ap - — _( SOt SOb J (9)
o 2 Ap sor Apsob

2.2 Mé hinh héa véi phan mém CONTAM

Phan mém CONTAM (viét tat cia Contaminant) la mét phan mém phan tich, danh gia chéat lwong
khdng khi va qua trinh théng gi6 trong cac tda nha [7]. Day la phan mém duwgc phat trién béi Vién tiéu chuan
va cdng nghé qubc gia (NIST) clia My, ¢é thé tai mién phi tai dia chi sau : http://www.bfrl.nist.gov/IAQanalysis.

Phan mém duwoc thiét ké theo kiéu da ving (multizone) dé phan tich, danh gia cac yéu té:

- Dong khi dich chuyén trong tda nha, cac théng sb clia dong khi, cac hiéu ing &nh hwdng dén sw
dich chuyén clia dong khiva anh huéng cla cac thiét bi ky thuat lién quan.

- Céac chét gay 6 nhiém, sw phat tan cla cac chat gay 6 nhiém nhw CO,, CO trong khéng khi, anh
hwéng clia cac chat gay 6 nhiém ddi véi con ngudi.

Viéc khai thac, st dung phdn mém CONTAM sé giup ta danh gia duoc hiéu qua cha cac hé théng
théng gié, diéu hoa khéng khi va cac hé thdng kiém soat khai khi co chay trong cac tda nha.

Giao dién ctia phan mém CONTAM duoc thiét ké dwdi dang so dd mat bang don gian hoa cla tirng
tang nhw Hinh 4.
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Toa nha thuc & Toa nha don gidn héa M@ hinh CONTAM

Hinh 4. Mé hinh héa tir mét toa nha thuc té

Giao dién clia méi tAng (Level) cho phép thiét ké cac thanhphan R
lién gquan nhw twéng bao, khe hé, cac thiét bj théng gié... Cac théng sb
cla tirng thanh phan duoc thiét 1ap bang cach nhép dap chudt vao
tirng phan tir dé nhap théng sb.

Sau khi thiét ké giao dién day dad va thiét 1ap cac théng sb can
thiét, ta cho chwong trinh chay bang cach bAm vao Simulation — Run
Simulation. D& kiém tra cac théng sb ta ré chudt vao tirng phan ti,
chwong trinh sé hién cac théng sb lién quan & ngay bén canh ting
phan t&. Vi du vé&i phan tir Path(59) trén Hinh 5 c6 ap suét 14,9196 Pa,
lwu lwgng 1,79823 kg/s. D& xem théng sb & cac tAng khac, ta bAm vao
cac miitén dich chuyén 1&n hodc xubng dé chuyén Level.
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Hinh 5. Giao dién CONTAM & mét tdng
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@ 3. Két qua nghién ctru va ban luan

Mé hinh dugrc thiét ké cho toa nha 15 tAng, méi tAng cao 3 m, tiét dién bubng thang la 20 m?, dién tich
théng gitra cac tang cla cau thang la 12,5 m®. Clra bubng thang réng 1,7 m?, khe hé khi ctra dong la 0,01
m’. Hé théng tao ap gdm quat gié dwoc dat trén tAng thwong cép gié qua dng dan di vao tirng tAng qua cac
miéng gié. Quat gié c6 dwérng dac tinh dwoc thiét ké trong phdn mém véi lwu lrgng tr 12000 dén 18000
m*h, cot ap tir 420 dén 750 Pa. Nhiét b trong ciu thang t, =20°C. Nhiét do bén ngoai lat, Iéy 2 giatri15°C
va 25°C. Dé kiém tra cac thong sb vé dd chénh ap va lwu lweng gié qua cac clra (hodc khe clva) & tirng tAng
ta bAm vao Simulation — Generate Shaft Report ta nhan dwoc két qua nhw Hinh 6. Trong d6 dé chénh ap
(Press Drop) tinh theo Pa, lwu lwong (Aiflow Rate) tinh theo m/s.

Units of Plows Rate: ~ Lt of Plows Rate ~ =]

e o P tese Dol P = e ol s vy [ e =
Lo f zese o oo B G s e Dl ks e S = kol [ | Frose: Erop| Axfiow Rt Ronae o ket e B e
assez 55 4 00878 00875 z1 assez 5.7 0 0577 71
14z 548 {50573 0.0573 71 ez s6.4 4 0 ose1 71
<13z se.2 175 058 0.0569 z Az s7.0 1 0 0ses z
<1230z 3.6 | 005686 z1 azz 575 4 0 gse7 =
115071 5209 ! 0.0se3 z1 Az se.1 ! o oses 21
105071 523 | 0. 0889 z1 a0z ss.s | 0 o592 e
sz s1s | o osse 21 <971 ss 2 ] o osss e
5oz s1.0 ! 0. 0882 z1 <8srz1 se.7 | } o oses z1
70021 50.3 | ! o.084s z1 72021 0.3 | o os01 21
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(a) t,= 15°C, céc cira déu dong (b) t, = 25°C, céc cira déu déng

Shaft Report 3] Shaft Repart 3]
Units of Flow Rate: - ok Units of Flow Rate: = ~ —
Units of Pressure Drep: [pa - Unis of Pressure Drop: [pa =

Level | Zone Press. Drop  Airflow Rate Press. Drop  Arflow Rate Zone Level | Zone Press. Drop  Arflow Rate Press. Drop  Airflow Rate Zone
«15>-Z1 37.5 < 0.0473 37.5 > 0.0473 Z1 <15>-Z1 34.0 ¢ D.0451 34.0 > D.0451 48
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«8>-Z1 0 0419 zZ1 «BysZ1 32.6 0. 0441 Z1

?»7Z1 0.0411 Z1 7rsZL 32.3 0. 0440 4%
«63>/Z1 0. 0402 Z1 <63-Z1 32.1 0. 0438 Z1
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ooz PP sz 17 0oass oz
<3I»-Z1 0.0375 1 «3>-Z1 3.5 0. 0434 Z1
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(c) t,= 15°C, ctra tAng 1 mo (d) t, = 25°C, ctra téng 1 m&

Shaft Report 3] Shaft Report X
Uit of Flow Rate: - oK Units of Flow Rate: E——
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ooz 0ome oz 6>z 1005 | 0032 m
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sz T R, 160 | Looma  om
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(e) t, = 15°C, ctra tang 1 va tang 2 mé () t, = 25°C, ctra tang 1 va tang 2 mé

Hinh 6. Két qua mé phdng
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Cac két qua mé phang cho thay ap suat va lwu lwong gid trong budng thang thoat hiém thay dbi kha
phirc tap va phu thudc vao nhiéu yéu té.

Truwdng hop cac clra déng hoan toan: 4p suét & cac tng chénh l&ch nhau do hiéu (ng éng khoi. Khi
nhiét d6 trong va ngoai cau thang chénh nhau khoang 5 dé thi dd chénh ap gitra tAng trén ciing va duwéi
cling vao khoang + 8 Pa. Két qua nay phu hop véi két qua tinh toan theo céng thirc (1).

Trwérng hop clra tAng 1 mé thi ap suat & cac tAng déu giam, ap suét & cac tang dwéi giam nhiéu hon
so v&i cactang trén, lwu lwong gié qua cira tang 1tang lén téi khodng 2 m'/s.

Trwérng hop clra tAng 1 va tang 2 mé dong thei thi hién twong gidm ap dién ra cang manh hon, lwu
lwong gi6 qua 2 tAng dwéi lén tdi khodng 2,5 m®fs. D& chénh ap gilra tAng trén clng va dwéi cling c6 gia tri
I&'n nhét vao mua déng khi mé cac clra & tang phia dwdi.

Két qua ciing cho thy khoang cach gitra cac tAng cang cao thi dé chénh 4p gitka cac tang cang 1én.
Trén hinh 6, a cho thay dd chénh ap gilra tng 1 va tang 8 1a 5,4 Pa, d6 chénh ap gitra tang 1 va tang 15 1&n
1¢i 8,8 Pa.

Khi mé phéng véi cac tinh huéng khac nhau cho thay néu mé clra mot tang bt ky thi dd chénh ap tai
tang dé va cac tng lan can sé giam. Trong thirc té khi xay ra tinh hudng thoat nan thi cac clra thoat hiém sé
mé mét cach ngAu nhién khéng thé kiém soat, nhwng sau dé clra sé twr dong lai.

Déi véi cac tda nha cang cao thi dd chénh ap sé& bién déi cang phire tap va khi nhiét dé trong va ngoai
nha cang chénh l&ch thi hiéu rng 6ng khoi dién ra cang manh theo céng thirc (3),(4) va (5). Trong méd hinh
mo phoéng & trén, khi ting thém s6 tAng s& cho két qua phu hop vai ly thuyét. Anh huéng cda chiéu cao toa
nha va nhiét dé dén dé chénh ap c6 thé dwoc khic phuc bang cac gidi phap k§ thuat dé cai thién chéat lvgng
clia hé théng tao ap cau thang.

(® 4.Kétluan

Két qua nghién cru cho thay dé chénh ap trong hé théng tao 4p cau thang bién ddi rat phire tap va céd
thé c6 nhirng thei diém khéng dat dwoc gia tri theo yéu cau. Cac hé théng tao ap cau thang déu co thiét ké
theo cac tiéu chuan k¥ thuat, nhung trong dé co cac phép tinh gan dung va khéng thé tinh dén anh huéng
cla day di cac yéu té. Viéc (eng dung phan mém CONTAM sé gilp phan tich, danh gia &nh hwéng cla cac
yéu td va dwa ra giai phap cai thién chat lwgng cho hé théng.

Dé cai thién chat lwgng cla hé théng tao ap cAu thang trong cac tda nha cao tang cén ap dung cac
giai phap k¥ thuat sau: Quat tang ap diéu chinh tbc do bang bién tan dé diéu chinh cdng suat cho phu hop;
Céc van gi6 nén dung loai ¢ kha nang diéu khién tu déng bang mé to dién; Trong budng céu thang nén dat
3 hodc 4 cdm bién chénh ap cach déu nhau dé truyén tin hiéu vé hé théng diéu khién tw déng; Déi véi cac
tda nha siéu cao tAng cé thé ap dung phwong phap phan ving dé tao ap. Nhér dé sé giam dwoc &nh huéng
clia hiéu (rng &ng khoi trong toa nha.
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