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A Study on Carbon Monoxide Simulation Analysis and Poisoning Control of Household
Gas Water Heater

Student : Yueh-Jen Chen Advisor : Dr. Chiun-Hsun Chen
- Dr. Chen-Wei Chiu
Degree program of Industrial Safety and Risk Management
College of Engineering
National Chiao Tung University

ABSTRACT

This study adopted FDS (Fire Dynamics Simulator), developed by NIST (National Institute of
Standard and. Technology, to.simulate 3 scenarios, different balcony environments.when using gas
water heater, such as airtight balcony, indoor door with openings, force ventilation. According to FDS
simulation results, this study obtained several gas concentration data such as oxygen, carbon monoxide
and carbon dioxide in balcony and adjacent compartment. Also, we could find that data of the FDS
simulation, O, CO, and CO, concentration, correspond highly with full-scale experimental results
made by Institute of Occupational Safety & Health.

Through observing O,, CO, and CO, concentration curve in the indoor compartment, we also find
that when the indoor O, concentration was.lower than 15%, the CO concentration would rise rapidly
and even reached above 1500ppm, causing death in short time so the phenomena correspond logically
with combustion theory. In addition, when the force ventilation model supplied the water heater with
enough air-to burn, the indoor CO concentration will keep low and.unharmful concentration to human
body.

After setting up the computer models of FDS simulation related to gas water heater performance,
the balcony is notdrying clothes , the study also adopted diverse variables such as, the opening area of
window, outdoor wind speed, and water heater types, to analyze deeply user’s safety regarding gas
water heater. In a result, the study found out that while balcony area is above 14m’, water heater type
is below 16L (33.1KW ) , and the indoor window ,connecting balcony with room, is closed, if the
opening on the outdoor window of the balcony is above 0.2m’, this can ensure the personal security of
the indoor space.

In accordance with the above-mentioned results, it is clear that FDS models and several
parameters set up by this study could simulate a series of household gas water heater scenarios
effectively and logically. Therefore, not only could this study avoid poison risk by conducting
full-scale experiments, but obtained CO poison prevention models and strategies to study further in the

future.

Key word: Water heater, carbon monoxide, gas, FDS, poison
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R A EE A EEZ2 % 24 B ¢ (HSE, Health and Safety
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1. P & g2 (Minnesota )

(1) 22 %4 * Minn. Stat. § 299F.50 to .51 — Carbon Monoxide
Alarms

(2) i #4533

[2007 # 1 % 1 pA=» 75 AT L2 H ~390 K E - § L&
FE o

I12008 # 8 * 1 PA= 75 K2 > 5 RIDFXRE - F B
IR Roo

iw& -3 PREHRE -
IV- 5 MR ERBLFRE AREATE (R F) 10 = p 2

=% o
= 12 (Tllinois )
( 1) 4 L4430 I1l. Comp. Stat. § 135/ == Carbon Monoxide Alarm
Detector Act

(2) i 24p
I. 2007 # 1 2 1 54\,4— Az H AR
BoRLAZR ARERFEE s i ®
Hi - 3 (Pp# iy RiRFE R ?Pflfr—'%]‘ B AR 2
IL- & “RRESF BRXE AR T (R 3 )15 FRpZ i E e
L% & 72 Bt An s Bak k- § a3 ® ok fe 4 oAk
=3 T“ﬁi%'ﬁﬁﬁéiﬁ" AR (TR RS
IVERAKRE N2 - 7 PR EFEXEB &gl > (75180
%”ﬁﬁﬂﬁflji BB 1500 # ~ ) £ REUKEF bk - §ipE
£ ch”ﬁ"%A B B o~ 7364 % 3 A2 BF 2500
;miﬂl LRI A 4&\-5%\11*1&'“,3&'117;@
2% ﬁms 25003%%%"1.‘% °
3. e 2rde ) (Alaska)
(1) 2% + f- © Alaska Stat. § 18.70.095 - Smoke and Carbon
Monoxide Detection Devices.
(2) i 4p -
L2005 & 1 % 1 pA» 3 EZTIRBPRRKE - § LB
B Ry BE2 2 FHIT AR HEE R R R
RN E o

=+
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IL- 5 PR EFEREELIEREAFL (R F) ISR P2

%_ o
L5 B N4 B34S BRE - §F A ERE KA s

- 3&&&%@ RAAL(RF{HTA) EES B
Bl o> Fre90 X 5 HREAE BB 2000 £ A F £ o

4. @ F # (Vermont )

(1) & 41Vt Stat. Ann. titl. 9 § 2881 to 2883 — Smoke Detectors

and Carbon Monoxide Detectors.

(2) i Rdf

L.2005 & 7 * 1 p 42> #7128 — Fgzid A F (single—family >
?\[if—ﬂ“HTzF'i"EF\&ié‘ ﬁ%’léé‘%@&i‘?@;
U5 %) n e S R ERE . - §

FERRT RS TR L UE A RER T T
IL2005 & 7% 1 P4 Lz ) LM d § = T amir s
TAKE - REHE; - JORERTLRE Y 5 TR
B REET oAl B F PREFEASERT R
g > o g2 R I0p Pl o
III. 2005 & 10 * IBii’b'”r”ﬁ izxzH~ (28
ik d) 2R EE (RE)EIRKE -

5. Fr g+ & ' (Massachusetts)

(1)2% + - : Mass. Gen. Laws Ann. ch. 148, § 26£1/2 ; Mass. Gen.

Laws Ann. ch. 148§ 27A
(2)his iR

iz ~ ;\};—’\
it B SR R o

3

-\*‘T “&b

L2006 # 3% 31 pa=» %k F % F BLEAHPNEE Atz i
2o JEREEMPER R (PR E )10 A P KE - F LRER
%o

LazidBEn Fd JpHE-hg-§F P REFTHE
'I"Ei'zlio

o %+ (New Jersey)
(1) 24 4+ N.J. Stat. Ann. § 52:27D-133.3 to 133.5 — Carbon
monoxide sensor device required for issuance of

certificate of occupancy.
(2) ZRFF 2003 # 47 Tpde G2 g BE Ay
B RIERPER RS (RE) 10 2 ¢

B
PRE
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- § CRERE -
7. &I (Georgia)
(1)i% R &4 Sec. R313.4.1 of the Ga. State Minimum Standard One
and Two Family Dwelling Code (International
Residential Code for One- and Two-Family
Dwellings with Georgia State Amendments)
adopted pursuant to Ga. Code Ann. § 8-2-20.
(2) = %4E:F 2009 : e Rz 1 3 2 B RaER A
P AE 5 A LR PR
" -

B (F3) ok

060 — Carbon
afety Code
 to Fire Safety

N SLEA
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F2R HRBIEEEALS
3.1 #EEH FDS 41 %

FDS % & #4448 €4 NIST/BFRL (¥ R 738 FH ML ¢ /12
ﬁﬁﬁcﬁpiﬁﬁ YB3 E 2000 # 20 B AR - K

wa%F153%(mw&1a)v?¢pziﬁ\Tﬁéwoﬁi
R G BH 2 REE - HERFRR A E > BT

311 B A4

St

BN VS NP AR R FRAY VLR
G RO TR ZA TR R S AR S T
Y == N PR ¢ ¢
Mk RO 0 PR G R S R T RE R 0 ol Ry ¢t

% W B 078 (Zone Model ) ~ #-3-5¢ (Field Model ) ~ #F g -3¢ ( Egress
Model) FREF R (Detector Response Model ) ~ BRI LR
7% (Fire endurance Model ) % H @ #-;% ( Miscellaneous Model ) [18] °
NG i - 5 N ) &}%ﬁ_\iiﬁ-ﬁ_\ﬁféﬂ‘\jx“??/ﬂ)\ % f
50 w\@f%fn92m

.?pié“ :

S0 e’v’ﬂ‘é\ziﬁ%ﬁ:;‘ (Zone Model ) HJ4 Fedet e BLEL S I H A 5 A
@ﬁ”?vfé“‘ﬁ:—’i\“ 2 %ifﬁi"}’\f"ﬁ”ifé&%/’v\%f B P\-"mi’v Boas- B
P 0F - Lol X s & (Semi-Empirical Laws) X 4v 14y
Ho PERAT BRBAEN PPl ST S S o g
EATIR o~ G PF o e R R FRR T IR e 5 0 G TR R
WA FE AR i F B R RS0 R R - B
Bt PR ARER F DA R ETRFETRL TEAP o

EHHRBESBRIEIRN L BAEIE S a0 A
Bk R E ) R R2Z B c BARSE AT DL x>
&ﬁﬁa%%@ﬁ¥$ﬂ*iﬁ’%@’%E%%ﬁﬁﬁtaﬁﬁw
Fe o HN A R RN E S RA R E AL H TG gL L
o REBSTFE L o
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2.5 50
031 05 (Field Model ) #0357t + § S # > 4
H A A+ §d % - z i (First-Principle Law ) #1i& %E-m? 2> fg 5t
(Conservation Equations) (¢ z & %€ w22 ERTE> &
FE) R VR VIE TR (Soot) Bt~ AR ST TR E BB
(Sub-Models) #ri = » @ 2 B2 VHEHHe 5 F Findgd ~ BEFs
e~ E R 2 B Ra REAF 2 18 FID I G o SUIE RN B
FrimiEm KX P L AR TT o
%%*waﬂﬁgmﬂwgﬁ*k@% B g @ T A ® e
P I G TirEend d o ¥ I e M FSER] 0 Bde r’gﬁ]
A SR - L ““]‘% 3 (Shopping Mall )~ E Ik EFHAE A E X

-

2 R A g T IR R IER A F G Bt e ek ‘zwﬁ%
By~ Rl ‘f‘?‘?lvff‘*?m’rﬂ R Ly N A R
B e 3'1 2 5 B 441484 (Control'Volume ) > &-%f5 i1

s ¥ %"'T CHE R BN ERITES BREHER ¥
e foH 2‘7‘5(9 » #2;% (Difference Equations) % #cid 2t 5 12 » K ¥ P&
» BEr R Gt B F S AP GRS 0 e TG ot o g B
AN PR i AR SRRt B o TRt o g ARAE ek
1 —T—FI&L AP RF T T Ik SLarE ﬁvb?«bfﬁfﬁa?\mﬁ—ﬁ
CF ST R ORI WA T L S oL SR A
» D AREL T TR B 2 }_g 1o 5 AR M
» Flgt o = § R NIST/BERL(# B B 73% 2 SEHGisT, € 0 %
)08 B2 05N L R 08 FDS(Fire Dynamics Slmulator)
TLE BB FE RPN - F CRERFRET N EFHPTE
BESBREE 8- 5 CRERZFLAAMPE T2 2 %%
BRI VR AT —’Ei FDS bt st HERR R #rf K Bs 2 2 4
4 - F LR '{F‘f“’ BreM B4 @Dt 2@ % LEH KRB
ER e
312 FDS b A#HSEXRH

FDS ¥ - 235/ 484 & (Computational Fluid Dynamics, CFD )
88 o H0RE %o §_Navier-Stokes & A2 %8 > * AR X L AR A SR
$oeniiE s BMEE B AR B B AUDAE RS
oo H#cE A 5 8 8@ %2 (Direct Numerical Simulation,
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DNS) % =+ A& in#x#t:2 (Large Eddy Simulation, LES) & f = j -

FDS 2 & & v~ A1k s2 (LES) 2 A #H CFD "V & it
B v REAF ROl Sd BERFIFLLS K
$M¢ﬁ%’”&%9ﬁ%4%?ﬂ\'ﬂ\ﬁiiﬁﬁm%ﬁﬁi
GRS T RS A AR R Pk
WEIRFZ W BREFZ2 VP EFET TG LB L 2=20
ﬁﬁ&ﬁ%ﬁ%‘%%i$%~@%$§ﬁ&ﬁ?maiwﬁw%g
Heg o IR BRI A SRR 3R o

3.1.201  sufe 423l

FDSJi& #4514 § e (78 I Weakly Compressible ) 7t 354
150 7 de ERNSF A BRB 2 5 AU FR IR % 0 FDS3E R 2 4 & h
A2\ Ao e 2]

1.7idg 4 8 2 sufpr fg 50
(1) 5 & =45 (Conservation of Mass ) = 723"
——+V:.pu=0 (3.1)
He piintim A (kg/m')
wt et R (m/s)
trpER (s)
(2)'%

%" ¥ =47 (Conservation of Momentum ) = £% ;-
%-(MVMJ+wﬁqg+f+V¢ (32)
2 p R4 (nt/m?)
rEA R (m/s)
Frebd (ntm?)

CAEE T R4 EE (nt/m?)
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(3) it £ = & (Conservation of Energy ) = #%3¢

—;(ph)+V-phu—%=Q—V-q”+VkVT+V-2hf(pD)ZVYZ (3.3)
pP 9 '

He == =—44.VP g

= at+” (F 2 %80)

hot % (klkg)

P, =pTRY Y, /

He p oo RRES (nt/m’)
p.gz ¢ #E (nt/m’)
P iE® R4 (nt/m’)

(6) ##z LES(Large Eddy Simulation) 7]
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. . 2 _ 1/2
Hirs =p(CsA)z(z(defu)-(defu)—g(V-u)z) (3.7)
He G 55T #k
A REERE
d=7-Vu= ,u(Z(def;; -def u) —%(V 1)
={2(a—“>2 +2(?>2 +2 a) Q4 2uy
~ {2 du 9y

ow  dv, u
(=—+ —) (az‘l'g)}

(3.8)
(3.9)

(3.10)

rrector

vr =

& (n+1) B

= (explicit Eluer
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