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Abstract - We devised the system to automatically shutdown the boiler and to fundamentally block the
harmful gases, including carbon monoxide, into the indoor when the exhaust system swerves: (1) The dis-
charge pressure of the exhaust gas decreases when the exhaust pipe is disconnected. The monitoring system of
the exhaust pipe is implemented by measuring the output voltage of APS(Air Pressure Sensor) installed to con-
trol the amount of combustion air. (2) The operating software was modified so that when the system recognizes
the fault condition of a flue pipe, the boiler control unit displays the fault status on the indoor regulator while
shutting down the boiler. In accordance with the ventilation facility standards in the “Rules for Building Equip-
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ment Standards” by the Ministry of Land, Infrastructure and Transport, experiments were conducted to ven-
tilate indoor air. When carbon monoxide leaked in worst-case scenario, it was possible to prevent poisoning
accidents. However, since 2013, the number of indoor air exchange times has been mitigated from 0.7 to 0.5
times per hour. We observed the concentration exceeding TWA 30 ppm occasionally and thus recommend to
reinforce this criterion. In conclusion, if the flue pipe fault detection and the indoor air ventilation system are
introduced, carbon monoxide poisoning accidents are expected to decrease significantly. Also when the manu-
facturing and inspection steps, the correct installation and repair are supplemented with the user’s attention in
missing flue, it will be served to prevent human casualties from carbon monoxide poisoning.

Key words : gas boiler carbon monoxide poisoning, air pressure sensor, indoor air ventilation sys-
tem, exhaust pressure sensing, carbon monoxide alarm
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Fig. 1. Example of FF type boiler flue.



7hn9e COFE A%

Heat demand ‘

v

‘ Pre purge ‘

v

‘ Automatic Ignition ‘

v

‘ Gas valve open ‘

v

‘ Combustion ‘

v

‘ Heat satisfaction & Boiler stop ‘

v

Post purge (selective function) ‘

Fig. 2. General operating cycle of gas boiler.
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Table 1. No. of CO poisoning compared to total
accident for 20 years
[No. of Total /No. of CO poisoning]

Year No. of No. of the No. of
Accidents Death Injured
1999 224 (7) 27 (6) 349 (16)
2000 200 (14) 28 (13) 289 (16)
2001 206 (9) 27 (13) 305 (19)
2002 220 (11) 34 (13) 249 (25)
2003 237 (5) 36 (4) 276 (6)
2004 227 (8) 42 (14) 210 2)
2005 221 (7) 33(2) 284 (20)
2006 252 (5) 23 (4) 292 (26)
2007 264 (2) 28 (3) 280 (0)
2008 209 (2) 28 (1) 248 (1)
2009 145 (3) 20 (0) 207 (20)
2010 134 (5) 10(3) 196 (15)
2011 126 (7) 10 (4) 223 (43)
2012 125 (8) 20 (8) 159 (31)
2013 121 3) 17 2) 144 (12)
2014 120 (1) 13 2) 137 (4)
2015 118 (4) 18 (3) 115 3)
2016 122 (4) 123 106 (10)
2017 121 (5) 9 (4) 105 (5)
2018 143 (6) 14 (9) 98 (10)
Sum 3,535 (116) 449 (111) 4272 (284)
Average 176.8 (5.8) 22.5(5.55) 213.6(14.2)
Z)oi:inig 33 247 66

O, + Hy — O,Hb
O,Hb+ CO — COHb + O,

o] Ukl A, d4talgtae] A & FmF= o
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Table 2. Health effects of COHb blood levels on
healthy adults

(%)
COHb Effects
0.3-0.7 Normal range in non-smokers due to endogenous

CO production

0.7-2.9 | No proven physiological changes

2.9-4.5 | Cardio-vascular changes in cardiac patients

Usual values observed in smokers, impairment in

o

Table 3. The dangers of Carbon Monoxide

4-6
psychomotor tests
Cardio-vascular changes in non-cardiac patients
7-10 (increased cardiac output and coronary blood
flow)
1020 Slight headache, weakness, potential burden on
foetus
20-30 Severe headache, nausea, impairment in limb

movements

Volume In Symptoms of exposure time
the air (%) | 0T P
0.02 Slight headache in 2-3 hours.
0.04 Front headache in 1-2 hours, back
’ headache in 2.5-3.5 hours.
Headache, feel sick, vomiting in 45
0.08 X .
minutes. Swoon in 2 hours
Headache, feel sick in 20 minutes. Death
0.16 .
in 2 hours.
Headache, feel sick in 5-10 minutes. Death
0.32 . .
in 30 minutes.
Headache, feel sick in 1-2 minutes. Death
0.64 . .
in 10-15 minutes.
1.28 Death in 1-3 minutes.

Severe headache, irritability, confusion,
30-40 impairment in visual acuity, nausea, muscular
weakness, dizziness

40-50 Convulsions and unconsciousness

60-70 Coma, collapse, death

Source : U.S. Environmental Protection Agency 1984
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Table 5. HAZOP analysis node

and Air Pressure sensor
Node No. Node List
Wind Pr .
Sort. mSwitflisure Air Pressure Sensor 1 Design
2 Design step inspection
Photo 3 Manufacturing & Flue certification
4 Production step inspection
Pressure Diaphragm + micro Diaphragm + 5 Marketing
Sensing switch Magnetic sensor
6 Boiler installation
Principle of Recognize Rj:i(t)g:z;:;?indetii; ility i i
p. differential pressure P . 7 Facility inspection
operation - the diaphragm by
and check injection . .
differential pressure 8 Consumer usage step
Low cost than Air Stepwise airflow 9 Break down & repair
Advantage .
Pressure Sensor detection
10 Boiler exchange
Off ti
‘Weakness On/Off operation High cost than WPS .
only 11 Flue pipe
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Table 6. Total No. of Risk assessment

Hazard
Level

No. of

lovel Improvement

Development of fault recognition
system of flue line, Air proving device
performance enhancement, Introduction
of new regulation(CO alarm), Review
of internet sales of gas appliance,
R&D investment expansion

11

Review of internet sales of gas
appliance, Reinforcement of penalty,
Development of flue escaping
recognition technology

Investment expansion, Introduction of
new standard, New technology
education, Reinforcement of penalty for
non qualifying construction,

10

New tech. education, Introduction of
new standard, Reinforcement of
penalty, Air proving device
performance enhancement

New tech. education, Introduction of

11 .
new standard, Reinforcement of penalty

SUM 45
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Fig. 3. Risk of CO poisoning through the boiler life cycle.
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Table 7. Measuring equipment for APS output
value [Voltage]

Equip. Specification Etc.
Heat input 23.3 kW, Electronic Gas
FF exhaust system, Fan(AC) Valve
Gas Heat input 23.3 kW(Heat), Preumatic Gas
Boiler 44.0 KkW(Hot water), Valve
FF exhaust system, Fan(DC)
Heat input 25.6 kW, Electronic Gas
FE exhaust system, Fan(DC) Valve
AC Fan / Electronic Gas 2 times
Valve / Long flue bended, 3m
AC Fan | Electronic Gas 1 time bended,
Valve |/ Short flue 1m
Fan/
Valve/F DC Fan / Pneumatic Gas 2 times
Tue Valve / Long flue bended, 3m
Type
DC Fan / Pneumatic Gas 1 time bended,
Valve / Short flue 1m
DC Fan / Electronic Gas 1 time bended,
Valve / Short flue Im

<33 % blockage> <50 % blockage>
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Photo 1. Photograph of experimental orifice.
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Table 8. Indoor air ventilation performance test

ul 3}

A7)
o] 4292 Sk

equipment
- — 23 AYEr] A 2"lE T3 COAARR Y
Equipment Specification = _ . _
- Table 82| 7}~ B Y H & o] &3} 54.7m AN EH
* Filter QA}LBLE} A B o =2 0]9JA o o= 7 57
- Polarized prefilter / Electron Hephafilter(ifD)/ ol HEE:“‘§]-“’L_ =971 “‘-rrl _';UEOL;‘L E';EJ‘J:’
Ventilation Deodorant filter/ Hephafilter(H13) S8 A4675(2017.12.4) "AEFES AuV|E B
system - Collection efficiency : 99.9% or more o] &3t 712 ol B A A vhe} 22 A7) w3
4 (0.3um Particle Criteria), 2 A 835l AFETE ARy 1E3E 9 V)
TACS10-208 HEPA : 325%255*%40 N .
(IEPA. : 3251253+40T) Fol WAE 82 2AR o2 st Lol Aol 1
* Ventilation wind volume : 39}
100CMH (0.5 times/hr), 150CMH (0.7 times/hr) )
* Model : H47 Lo A 5 5
- A A = B 2~ —
* Sensing Gas : Carbon Monoxide AP A7) sl =
* Suction type : Diffusion type 275 FA N ANRE ZEFHEA D EZ] E 2y (m'/h)
* Measurement range : 0 ~ 300 ppm, AU E 29 ()
CO GAS | 0 ~ 1,000 ppm
DETECTOR | ¢ Output : 4 ~ 20 mA. DC / ES 20131,& 9% 7Hzg ;i—]'_g_% }élﬁ%’_ﬂ J—JI_QQ_{,:_‘E 0.5
* Input signal : 18 ~ 31V. DC . oA 7= . - ° =
A 71321 }3lE 7|FES AL
* Temperature / humidity : -20 to 50C 32 1] 15210.79] Bt} ghehgl 7] ES 2 85
/51t 95 % RH
« Safety certification : Explosion Proof
* Model : H97 Series (3 channel)
* Display Range : 0 ~ 1.00, 3.0, 5.0,
75, 100, 150, 300, 999 A\ 2 0 Detector
CO Detector | © Unit : % LEL , % VOL , ppm @ vy @ evas ]
Controller | © Input signal : DC 4 ~ 20 mA @l
* Operating temperature : 0 ~ 50 C A
* Operating Humidity : 10 ~ 90 % R.H Room #1 - @ *{
* Alarm Settings : Two-step alarm ) ; —
* Input Power : AC 100 V, 220 V 60 Hz < ./|mnE 2oom B
* Boiler capacity calculation - , L
- Experimental site interior area : 54.7nf !
. - Required heat per 3.3ni : 500keal/h
Gas Boiler | Boiler capacity : 15.1kW(13,000kal/h)
* CO components in exhaust gases : 217ppm Fig. 5. Schematic diagram of carbon monoxide
» Emission rate : 24m/h emission test model.
Table 9. Ventilation System Wind Flow Rate
Wind Strength Strong Wind Light Wind
Number of Ventilation 0.7 times/h 0.5 times/h
Fan Voltage [V] 2.8 24 1.6 1.2
. Supply Air Room Air Supply Air Room Air
No. Location 5 5 N N
[m/h] [m/h] [mi/h] [mi/h]
1 Room 1 412 40.7 24.7 16.8
2 Room 2 37.6 27.5 22.7 12.1
3 Room 3 375 36.5 235 15
4 Living room 37.8 473 23 19.7
Total Wind Vol. [ni/h] 154.1 152 93.9 63.6

KIGAS Vol. 25, No. 3, June, 2021
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Table 10. Summary of Ventilation System Experimental Results

o . CO concentration in experimental
Ventilation Test Conditions diti
conditions Boiler opera CO concentration change in room number 1
P tion status (Experimental Time, Min)
Test | Case Wind Volume| Rooml Room2 Living
No. No. Room
1,000—20
? 200 — 60|60 — 30(30 — 10| 10 —> 0
1 1,000 1,000 1,000 9(2) an 36) 7 36)
Strong Wind 00
200 — 60|60 — 30(30 — 10| 10 = 0
2 200 200 200 -
(78) (48) (74) (106)
Case 1 Off
1,000—20
? 200 — 60/60 — 30({30 — 10| 10 = 0
3 1,000 1,000 1,000 lgg (162) (79) 17 5)
Light Wind (189)
200 — 60|60 — 30(30 — 10| 10 —> 0
4 2 2 2 -
0 0 00 (189) (110) (157) 95)
5 Strong Wind 0= 2
trong Win Supply CO concentration 217 ppm| - - - - (115)
Case 2 by boiler while operating the On
ilati 0 — 36
6 Light Wind ventilation system _ _ _ _
(233)
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