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Study on the leakage behavior and concentration reduction of ammonia leakage using

mechanical ventilation in the ammonia refrigeration machine room for tube ice factory
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Abstract

Frequent leakage is observed in industrial refrigeration systems that use ammonia refrigerant. Respiratory toxicity and
adverse health effects among large populations are caused by leakage accidents. Ventilation in emergency situations is
prescribed by the Ministry of Industry’s regulations. Differences were identified when the requirements were compared
with TIS and lIAR standards. The suitability of emergency ventilation for machine rooms in ammonia refrigeration systems
was evaluated using a mathematical model. Leakage rates under transient conditions can be analyzed by the model in
accordance with ACGIH ventilation principles. From the transient analysis, it was shown that the buildup of ammonia
vapor concentration follows a characteristic time-dependent function. When the interplay between system pressure and
leak size was examined, increasing system pressure was found to amplify the effect of a given increase in orifice size on
the leak rate. The response speed of ammonia detectors is significantly affected by the buildup stage. During an emergency
ammonia release, the purging stage is important so that hazardous concentrations are reduced more rapidly to allow a
longer evacuation period and safety is improved. Purging time can be estimated and changes in ammonia concentration
can be monitored through transient-state analysis and parameter adjustments. The purging time is affected by the initial
concentration and by air-mixing conditions in the machine room. A longer purging time is required if the initial
concentration is high or if air mixing in the machine room is poor. The purging time is affected by the air-change rate
required for the emergency situation. If the air-circulation volume is high, the purging time can be significantly reduced.
The dynamic simulation technique developed in this research is expected to serve as an efficient tool for analyzing time-
varying ammonia concentrations and can be applied to machine rooms of different sizes. A machine room with a volume
of 2,475 m3 was considered as the case study, under normal operating conditions and typical outdoor weather in Thailand.
The time evolution of concentration from 0 to 50 ppm was primarily examined. (1) Buildup: When the leak-orifice diameter
was increased from 1 mm to 4 mm, the leak rate was increased by a factor of 16. When the refrigeration-system pressure
was increased from 1,400 kPa to 1,600 kPa at a fixed orifice size, the leak rate was increased by 35%. For the rise from 0
to 50 ppm, required times of 15.25, 6.77, and 3.81 s were obtained for orifice diameters of 2, 3, and 4 mm, respectively.
(2) Purging: For initial concentrations of 35, 40, 45, and 50 ppm, the time required to reach 25 ppm was 1.68, 2.35, 2.94,
and 3.47 min, respectively, when K = 2.5. When emergency ventilation of 30 ACH was applied to reduce the concentration
from 35 to 25 ppm, times of 0.67, 1.01, and 1.68 min were obtained for K = 1, 1.5, and 2.5, respectively. For reductions
from 35 to 25 ppm with emergency-ventilation rates of 3 (ministerial regulation), 10.8 (TIS), 20, 25, 30, 35, and 40 ACH,
the required times were 16.82, 4.67, 2.52, 2.02, 1.68, 1.44, and 1.26 min, respectively.
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U35901MARUUNAN (SCBA) Wlenengnameanisiilva
visoUandy/unasiidusumguesnssilua wazidasiy
iletiostuldliieuenlideffainszans nadhsedu
WRAINE17 SEUUSTUIeINIAIEAeaUTULUABUIIN
sULuuNsIEUIgInIaiugudunisssueeine

17

wuURNLAY (emergency) Lﬁammﬂaamﬁmmﬁmﬁﬂﬁ@

Wiseduwme
ToMINUAIINNYNUIENTOUIATFIUAING LU

ASHRAE (The American

Refrigerating and

Society of Heating,
Air-Conditioning Engineers) #3 ®
ACGIH (American Conference of Governmental
Industrial Hygienists) @115un155zU81NA AgldnUIe
M3dmNssuTiSend Air change (ACH) Favitnefasiuau
adsitornaneluiiosgnivdsulmilundedilus 1oy
@fﬁyi’mUizﬁw%mwmaﬁwmzmstmmLazﬂmmw
o mrAnglue1ns lnglanzlulssnugaamnssuild
worlunfeoduansvimnudu Tnenseenuuussuusyung
gnAfifien ACH winzauaunsagiedentsnnududu
vosuenlullelviegluszautasndela nsdlveanmsssue
ansfivlugramings Lo oaedesadlssnundniuds
vaenldsruuiamudusenluflelumidded AcGH &
myszyfstedinruvaondelunmsududanueiods
anududuvesansfiansoduialinaonszazinan 8
Flussiotu uay 40 Fluwedunvi Ingliidsmansenusa

Ejﬁﬂﬂﬁ‘wiuiz g¥ 817 (Threshold Limit Value - Time-

Weighted Average: TLV-TWA) 111U 25 d@aulududiu
(parts per million) wazmmidutugegaideslsiiuly
nala 9 sEndensvihe esnneradudunsiese
gUNINViud (Ceiling Limit: TLV-C) Wiy 50 dauludiu

du (36 HadnTusegnuiAniuns)

4. WSyUguNI5599INENIITVDUNAN LASN1TI22IN

an1zfneluszuusinaudy

syuurianuduiiaunsalnatsdruvinausiuiu
Kaus compressor, accumulator, condenser, receiver,
expansion device, Wa¢ evaporator sﬁédﬁwﬁ’j\uwi GELME
discharge 135wwzﬁamwlﬂu hot gas mmé’f‘uqﬂ
gaumniige lWaufsanigdasumaanieiouluidy
vouuad nelu evaporative condenser wazlu receiver
Tngianizlu receiver tnanagdiann 2 ilaegluds
receiver afulngaeiivsinanhefiduveunainnin
finw Asuszidunisiluaiiaiiiodian (worst case
scenario) 3&%3Lﬁﬂ%uﬁ]1ﬂﬁﬂu high side pressure 1ag
wEnN1sWEIN35Tlud hish side pressure Siilonialu
As$ateananifing wardanazvennan ?{fqaﬁgmw‘u
A5HATIERTIR T Fedu n153As1ERns SR eld
farsandu 2 n3dl Aen1s$nnan1iefine uasn1sih

NFNITVDUNAD

External
surrounding

Gas pressurized
within process unit

Pi Po
Ti To

JUT 3 nshilnavenhevhenubuanizieniug s

n1silravestienanefingniug i santdan

Aunsi (1)
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yxg. xM
Rgx]z)

Q,=CyxAxPx

(r+1)/(r-1)
y 2
(7 + lj

(1)
e

'
[ [

Q,, fegnsinsiilva (Alandusedund)
A

C, Aorduuszansnislva = 1 (n3dl worst case)

ADTIUIVINARYDI3T (NT19UNT)

ARdRIIEINANNTIUT NN (Cp /CV) = 1.32

Y

e
g, fedudasnienseliudgis (i 1 Tussuu S|
unit) M Aewdaluanavesing = 17 niusielua

R, Aor1AsTaNavaLia = 8,314 Uramagnuian

WRSHBN LA luaLPaIUY

P Aoanusunigluszuu = 1,500 Alaunania

o

T, Aogaumpiiduysalnioluszuy = gunnfidud
Y99 ammonia L1837 & A1UAY 1,500 Alavraana
(fuysnd) = 38.65 aerivalyd = 311.80 LAAIU

T, ApguniuTseINIA = 30 B4ANYALTYE =

303.15 ey

liquid pressurized External
within process unit surrounding

Pi Po

Ti To

>

>

evaporate

JUR 4 nshilnavesthenhanuduanzveuvairiug

nsilnavesthenraIugsmTanliaInauns
W (2)

Qm:COXAX\/zxf’fxgcx(B_Psm) @

Toed

P, ABAUVUILLULYDS ammonia L1182 Al AINAY

[

1,500 Alathana (fuysal) = 581.63 Alansusiegnuian
A
P Aeadusuledudives flashing ammonia

sat

AelAaN1ITUTIEINIA U aaunl 30 eI IYAdud =
1,167 Alathana @uysal)

5983290994 2 nsdl MuualFdiduiugudnans
gureiAuNRY 1 fadiuns Rufindidanissaiu
1AAUNIAY 7.85 X107 A1519UAT INNNTUVBIENIE
e wudnfeuwesludeisnsinissalualiniu 0.0020
AlansuselI Uyl LazANNNIAVDIAN1ILVBIUNAT WU
frawenluflefidnsinissalnawindu 0.0155 Alanduse
Juait leUFeuliiouannite 2 an1rznuiinistaann
ANITVDANAIZUINNIINTTINNENIZA 7.75 Wi
11957191N4A1I8VBUNEIVLLAIZIBUINATINITFI9IN
anneing vilrnanuidelalianudfyiuluudnasinig
adinmansvainissaainszuuluanzveanaininnin
ImEJma%"ﬂ%aﬁl,ﬁ'ammma’ﬂwar;hug%"aaaﬂmuﬁa%ﬁw

mawasuanusnanelulensyansegluieuniowoly

5. Wan15338 (Results)

soiflesannaansiasziununsilnariugialy
viadefinuan annsaudansieszsildidu 2 92 Tae
4237 1 138191 Contaminant Concentration Buildup
stage Wuannefivonluileuazseiveduing Anns
wanfueinialuieainies dasinldaauidudy
(Concentration) 189w uanlandogeiuios q doud
anudutuazinweiaznszduliigunsalnsiaiafine
waulutfle (ammonia detector) Linn153u3 vinlvg
muAudosd1lumiiunsUnndman/mgansvinauves
sruuvhady warludanmslidanisssuigenniauuy
AN FlAngasfl 2 3en31 Purging stage Auudy
999 ammonia arhigaiutu esnniimsdandman/
myannsvinuresEuUThaady dwaliinisiluasin

FEUUNYAAY SYUUITZUIEINARUURNAWEIIIIUAE
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fsemandanadudurewenlaniegeeanainsieasils
arnaeludluatdruiwnud denaldaaududuass
weulsnilvanas mswWdsunlasanududustsae il
Wunisasuuassenanienin transient response
w38 dynamic response d9iarududou n153As1e
nswasuudadudaeisndudeanaianendinaans

WhunelunsaLdung

Steady State

Concentration

v

JUN 5 anuduiussevnieanadudu - van Tuaanunisalnig
F8U1881N1ALUY Contaminant Concentration Buildup Wae
Rate of Purging U94%04.A384

6. NISNAIUILUUIIAIANAAIEASEINSUNITIATIZH
i3 v =

AT uTuva9lawaululy

ANSHAIUILUUINADIAMAAIEASANNSUNITIATIEN
AU UTUVD bR U TS AN NS UAN1IEAMUTUTUV D
lowsulutdoasautiuunndy diSeni1an17y
Contaminant Concentration Buildup #841A38452UUYN

[ a a b4 a o

AULTUHUIUINTNBS (volume of room) V' 18ns1n1s
Srvedlowenluiile (rate of generation) G {18m51713
S¥U1EBINABBNINNTBY (effective volumetric flow
rate) Q' TngiAirutduduvnslosyineluie
(Concentration) T9#18837 C Nas195¢1IN19178994918
sEMeMANNWIaInIHn Gdf wazulavedlassine
ARRINNITIZUIEDINADRNANYEY Q'Cdt WinAU w7l
vaslasymenavauluiies Vde wasnall aunsaesuigla

AILEUNIT mass balance Av

Q'cdt

—

vdc
Gdt

—

31]17; 6  Schematic diagram for Buildup stage

Rate of accumulation = Rate of generation - Rate

of removal §saun157 (3)

VdC = Gdt — Q' Cdt (3)

lpgi
V feUsinnsveies (gnuiAniums)
G fednsnisiivesuenlanily (@nuiaiaseundl)

[V

Ml G = 0, x Paam

Q' ABNIIFUIBOINALULRNLAY (gnuiAnLUATHB
nd)

C Fermudinturesingwenlude (@wlududin)

¢ Fakian (W)

nguaunsi (3) axlddsannisi @)

dc _dt
G-0C V

Integrate 13 2 ATUVBIEANNTN (5)

»  dC & dl
IZG_—Q@—J :

linsaunauadauviswaNELy salfsaun1si (6)

G_Q'CZ :_Q’(tz_tl) 6)

G-0C 4
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W9 1 MUIED9ENIILISUAY LAY 2 NU18D9ENNIY

AN 18Nia1T7 WBAeINISILATITRNIFINIAT

Waguklas (t-t) w38 AT anududuvedleszwmelu

784 (Concentration) 31 C; 1y C, faaunsi (7)

ar—-Y [ G=2C
Q G_ch

AMuLduduredlosyineluiies (Concentration) &
nulreLdu druludrudiu (part per million) %30
parts/10° Aeg1919u 61 C, = 200 druluaudiu i

sryAluaun1sin G, = 200/10° lawaunisluguves
Aududuvadloszmeluios (Concentration) C, wansi

aunsi (8)

C, = ®)

Anududuvesloszivelusios (Concentration) 7
furalldannaunsi drdesnisudamhelndu ppm
zdeagaiiy 10° ilosannluaninvesiosiiiinsnay
omauazleszmedlianysal ACGIH fin1simunae
factor K dmiuan1nnisusuiigussungoniAluunigeg
Fsaunsi (9)

9
0" == (9)

Toeil

0 = M55¥UIBRINIALUUNLEUTATINAR LA
(@nunAfunsHaIuIM)

K = file factor dwmfunsnanvesfinauazeinie
wuvlsiauysal Ssazvioudennulsifiuszansnanvesnns
HaunTon1Iivaisuanaduntdnefiaiuniagaeinie

Tuvios Taensdlfiings asdeansssuigennimnnyy

dsuaedl 2 3807 Pureing stage aruiduduves
ammonia ¢ lsigadiutu esnndnmsUamdmdn/men
A15v9uvessruuTALEy dwalinissaluanin
TEUUNYAAT TEUUTTUIIMIALUURNIEUEIINURDY
fsemafifianuidutuve swesluogeoanainiearili
anneluglnaduiwnud dawaldaududuves
worluifluanasluienpiesssuuvneudy G lunsdll
fiadueud a1unsaesuielaieannis mass balance

=

A

Q'cdt

: —

/& vdc
—

3‘1J‘17i 7  Schematic diagram for Purging stage

Rate of accumulation = Rate of generation - Rate

of removal §saun1s7 (10)
VdC =-Q'"Cdt (10)

dn3UaunT59 (10) W Integrate 719 2 ANUYDIALNTT
Aeaun1sh (11) aglassaunisn (12)

[N 1)

a C V 4

In & :_M (12
C, v

ANUFNRUSSEINe Q' U ACH agLludsaunsi

(13) Swinedusodalus

ACH =%3,600 (13)

LagINaNnIsN (12) agliinisaunauadaiailuvios
HANANYTIAIENN1TN (14)
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dasemslaseimenuduty C, lngniswiauns

71 (14) 210 Natural logarithm function w&aagldaunsd
(15)

C, = cle_{Q(tzVﬁ)}

7. 3313aina (Discussion)
ns@Anwalulssnundntiudmasauianie inns

aﬂﬁgﬂ ammonia detector @1u15a91191uluYI9AIY

Wudu 0 - 100 dauludiudiu wazdfuusaiuauas

A15199 1

A19190 1 WARIILUIAIUANYRINTAIAN W

deydnwal . - .
M A3 U"Y AYRIRINYS
ALus
L AIUEIND 15 m3
w AUNT9TRDY 15 1m3
H PRGN 11 105,
Apom fiuiides (Lx W) 225 ANT1UNT
Usumsvies
|14 2,475 anUIARLURS
(Aroon XH)
- 30 a3 LAl
T, gaungiiusseIne . -
30 303.15 1@y
Anueuleduiives -
4 _ 1,167 Alatranna
Psm flashing ammonia . .
Y (duysal
aelaannzusseInia
AMUAUNIEIUIZUU N
. 1,500 Alalranna
P (AU high side . .
(duysal
pressure)
T gaumngiiduysal 38.65 paALTALTYA
' aeluszuy %30 311.80 1@y
AIUAUILUUTD
P wonludewad 581.63 Alansusio
’

f an1e 1,500 ANUIANLUAS

Alavrana (duysal)

AduUsgansnisiva

(n58] worst case)

PNuUUTandamaninissluasenain pressure
vessel vasteuenludswainioldmnusu high side
pressure BONFANILUTILINA AINITOIATINENTING
Slvalddauanddunsmui 8 annsnasifiuledn m
YA357 1 fadiuns f8nsmsialvawiniu 15.45 ndy
AauUN Lﬁaﬂummg%’aﬁmmﬁymﬁu 3 faduns 19n5IN3
$lvawindu 139.08 ndusedundl vieiutuminniniy
9 Wi viFeiflorungafinntudy 4 fadiwns f8nsns
$lnawinfu 247.25 ndudedundt vieiutuminniniy
16 Wi wagnTIATIERdnTIN1sSlnavesssuuiay
WWuwuukenlutilemeuuudiaementinm1a@nsaiunsn

Adunsle

600

500

at high side pressure
P, = 1,500 kPa

400

300

leakage rate (gram/s)

200

Q=

100

1.0 2.0 3.0 4.0 5.0 6.0

hole diameter (mm)

JUN 8 anuduiussening Leakage Rate Uaw Hole Diameter
Tuannrvounairiugs

Tunsviuassvesssuvianudunuureuluile
913fAuRuA U high side pressure vUdsuluanu
401NN151191U Larn1sauasnel (maintenance) Y09
in3eadns wu Lildguadnwirnuareinvesgunsaluas
szureAMusoulaisne Annzniulnizn1uiviaves
condenser AuAR13alUATIYUNEAINS BUsD LT
anas vl compressor fasdaiiiunnudulfuinty
el gnmnidnu high side gatuuazannsasEUIBATY
Sousenlsegnufivsneniu cooling load Aigatuunain
evaporator #aetvnHan g 9 wand vinliaududiy
high side pressure ‘ﬁIaﬂWagﬁﬁumﬂamwmﬁa@mwu

A15v9ul 53delundl F9ladesneidadesiusening



MNIAFIAINTINAEAnsLaruInnssy U9 18 atufl 4 Ussdideu nanau - Suneu 2568 129

high side pressure #38 AuAUA18lUTEUY (interal
pressure) $uffuruingda dnddineanstadeiiiniy
w¥ou q fuwda $ns1n155aluaszdusgisls aan
ns@iAnululssundniudimasaiy Anusuniely
J¥UU (internal pressure) vary S¥IN9 1,400 - 1,600 Ala
Uaana (Fuysad) v3e 1,300 - 1,500 Alavraana Ay
fune) Waungiuingdndursnauilidusiugudnans
vary 5e%319 1 - 4 Tadluns 91nLUUdIasntinmdns
ns$alnanenain pressure vessel vastinguenluLile
wiadneldal1uau high side pressure aandaniie
UFTHINIA d1U150AT1298R5IN55 Ina iR anansly
n5IMgUT 9 annnslaziiuledn a anudussuy =
1,600 Alavranna (Fuysal) vungsa 1 - 4 fadiuns
danalifisnsinissaluawinfu 12.97 - 207.48 nfusie
Funit Tuasns = 194.51 nfudeiunit e Weanudu
szuuBsuntaniuty = 1,500 Alavraana (Fuysal)
YUINTH 1 - 4 mm deralidsnsnisilvasintu 1545
- 247.25 nSuseIUN Anans = 231.80 nSumaIui
(masaiinty 19% leiisufuaniizauiussuy
1,400 Alavrania) dlemusussuuiasuulasint =
1,600 Alat1aana 1uIngsa 1 - 4 Tadiuns dawaliisns
mssaluawindu 17.57 - 281.04 nfusedud finass =
263.48 nYuseiuni WarainTy 35% Weifieuy
AN1ITAIUAUTZTUU 1,400 ﬁ‘[amama)?quﬂmams
Sipswizdiuledn deanuiufiaty mnuusnsives
YUIAFH favdanasednainsirlvadiuandnsfuinndy

o o

ORRWEGAAY

£

= 1

nsdifnwisenn Wedmszisnsinissalualauga
weuluiefisroena1ng$ axifamsseimenateidule
wonluile a1elaan1izusseInid wagkauiuaiInie
Tngseudaninnatelduarsnauseningoniflay
woulutile (air - ammonia mixture) ATITULTUT U
(concentration) veswauluieluainiavsgniienuu
daludrudiu anmzanududuasiinisiudsunlaiiuy
transient state TAgL3uEUIN 0 waz A1ALdNTuaY
USudgetu aunseiiennududuisgaiiedosmsiady

LaulaLTe (@ammonia detector) @1UNSONTIVADULATE

Fyanaudaieuld cuadeilfauauleiu svezinaiil
Tlunsazauanudutudiniy ngaisudu 0 dawly
drudau auds 50 d@ruludrudru f ammonia detector
Buieu wuusassadamansiiviunlddiaszinng
Wasuwlasanududuveslosonludodinivaniag
dvaulfiuuIniy Sendna@niay Contaminant

Concentration Buildup

350.00

300.00 >

250.00

200.00

150.00

leakage rate (gram/s)

100.00

Q, =

50.00 ¢

'S
»
®
&

1,400 1,450 1,500 1,550 1,600 1,650
P; Internal pressure (kPa)

—A&—d=1mm -e-d=2mm -&-d=3mm —e—d=4mm

19

sUN 9 Uadusiusendng Interal pressure, YW1AF37 idinasie
8131n1333 Tuan1izvetmadriiug s

{}

u Machine room

15 m x 15 m x 11 m (height)

Normal .
ventilation Ambient temp. = 30 deg C
/ ammonia
Condenser leakage

1,500 kPa absolute| " ;

Met.ermg __Compressor
device :

JUN 10 Luud1899n1357 $3UAULUUTNIE093ATIEI dynamic

model 989 ventilation (Contaminant Concentration Buildup)
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Mauyfgiuingsudursnanfiduriugudnans vary
S¥RINe 1 - 4.5 ﬁaﬁmm,amwﬁaulwamug%’a

weslulegluanmvosvadrigumgll 7, uay p, Wil

Hilnariugiroonuuduinnissveasuanmidule
farsanldinduaniig superheat firmnuiuussanae
(100 Alaurana (fuysal) gaumgi 30 esmwaldya,
Turaziiiinistii ludewndesasiinisszuigeinia
ﬁugmmwﬁaﬁmum 119N.3023-2563 UALNYMLNY Lilo
n135vUneANseusInenadas tnelulszinelng
Ssualidosinisssuiserniafiugiu egf 0.003
ANUIARLUATARINT FlD 1 A1919UAS Nuitveueias lu
ns@ivenaIealifiudl 225 msiauns favinisszune
mmﬂﬁugmaeﬁ 0.675 gRUIANLUATHEINT N1sHauTiy
sgminsemaivyuisuuazlowenluiefiiieanu
au30IATERLE RS aeeadinmansfiauely
Tugun1sil (7) nan1s3eszsinisiuasundasanududy

votlawasluily C, siatian uanslanensnguan 11

ammonia concentration (ppm)

C,=

time (second)

——C
—&—C
-&-C
-m-C

ppm) d=1mm
ppm) d=2mm
ppm) d=3mm
ppm) d =4 mm

—0— C(ppm) d=1.5mm
-e-C(ppm) d=2.5mm
—e— C(ppm) d=3.5mm
—&— C(ppm) d=4.5mm

U 11 AUANNUSIENINe Concentration wag Time 310
Aun158017% Contaminant Concentration Buildup Lii®A213
WaduANIuan 0 dludruaiu Twaan 20 Jud

NAMSAATIE simulation seseerae g
%LﬁugmwumimﬁauwmLLUU exponential 194911
woAn3suNI9UABULUAITIILATIZILI91N Natural
logarithm function uilueAsed avaulaludianandu

a =

dl ¥ ¥ dy{ = 1 ¥V ! lﬂl
AT Arutuduazduluis 50 dauludrudiu e

A3zl ammonia detector Buvhauuazudaiiou (Ju
Frananfidusaililidviu profile uansmuldndens
\Wasuulaswuy exponential (lunsmnanIsILATIZRAY
Wuransasuulasroudrafudunsadosanidudn
19183 exponential curve windu) waanduiund
AOUNTI5MTI99UVBY ammonia detector Ad IHAR DAY
JasadfeluTinvosyaainslulsasnuuaziiuilagsey
ammonia detector aTaa@eulaiianin Aagvilminnis
Sudiftodididunisudly sziume saufenisenenay
penNIUTin S uNansENUIINN155ITes ammonia 9%
iuldinvuinvessidanasiodnsinisiuasuuiasues
AMUNTUogsTaaN Tuns buildup ANAILTNTURIN
0 dndlududiu 1Ug 50 dawlududn nadsiivunnidu
H1ugudnans 2,3, 4 dadwns sesldinan 15.25, 6.77,
3.81 U9 MWERU

ns@ANYIReNT Lie ammonia detector ¥ ukay
wiaudou fagvildAnnnsiudierdiddunisudly
seiuin suiansenenausenanitud nildluisnnsi
dwmaseautaonfeluTinvemaainslulssnuuasiiui
Tagsou fAifon1sszutsoIMALULRNEY (Emergency) B
faruuandrsldannisszuiseniaitugiu Tnefiwuy
fugrufidnsnslvadishuasfesnmafissnissuisany
Souluvariedosdnsrhauwindy winsszusenia
wuuganau (Emergency) Foans8nsnisinavesernied
gendnunn wlevhlianandudusedleusuluifoanas 1
seuiivasadelunaisntn lutuneut e

$n1357 wdeanyarTotuagldyatoaiug

EAo)
=
)
anl
®
Zo
c

WMLEELLAZIINUNTANAIUTES U US0AIANUBITLUY
yilvinslnavgnas uay start BudusEUUTZUIBNA
wuvgniduiieananudutuveslowouludeas Tiing
seuiivaende Taeldnaniiduian uuusiaesndaan;
frunldiinsesinisivadsuundasainuiduduredle
woluflsdmiunisszuiseniauvuagnidud Fend
@n12% Contaminant Concentration Purging laganig
Sud wealuiflefiseenlunaufvoinmeluvelassoud
aninnargtduaisnauszniteeinianazuenlaie

(air - ammonia mixture) I1AN155U iI Mg ammonia
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detector s¥uU¥AULEY shutdown TUud wazada
vangnialuud laifinsiudiundu usanududuvede
wouluilledensag izwizmammmmugﬂLauﬁuﬁﬁmu
Feoraidun1sauiinifnainszuussuigenieiy
wsaduszuulminenvhaumannidulle

nsddlornududureswenludedudud 35, 40, 45,
waz 50 @vlududiu, Fesnisananududusiinds 25
drwludua Ingldnssyuigeainiawuugnidy 30 ACH
AUTDAUAVDY IAR (International Institute of Ammonia
Refrigeration) [16]

{}

Machine room

15 m x 15 m x 11 m (height)
Emergency

ventilation

’ Air+ Ammonia mixture

X system
shut down

Condenser
1,500 kPa absolute

device -

JUN 12 wuud1a89n1337 TIuduLuudIaesiiasies dynamic
model 984 ventilation (Contaminant Purging)

K = 2.5 (Fair air inlet & Best exhaust) 9198980
FoaR3899n ACGIH nansiaszin1silasuudase
\nduvedleusuluiflosonan uanslddonsmguil 13 a
Wulean anan nsesa3esiiden K = 2.5 wazinng
SEUIMRINIARNAY 30 ACH ALduduvasiauluLily
Gusudwasonalflunisssuigemaiieaiuaunii
Waduldegluszduiivasade nsd anududuves
wouluiilenSudu 35, 40, 45, 50 dquludiudiu was
AOINTAAANUINTUAINUNNU 25 drulududiy Aed
Teiian 1.68, 2.35, 2.94, 3.47 W7 AUaIHU

50

ammonia concentration (ppm)

C,=

10

1 2 3 4 5
time (min)
—&— 35 ppm -@- 40 ppm
- & - 45ppm —e— 50 ppm

JUN 13 Anuduiugsewdng Concentration kAN Uay
Time luanmg Purging stage (iaanududuanadlutinan 5
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maasuulasanuuduvesloweluiesionan uans
1@dans iUl 15 nsdl mssvuisemauuuanidu 3 (ng
N3¥N5397), 10.8 (Wen.), 20, 25, 30, 35, 40 ACH WagfoIns
AR UAsYINAU 25 daulududau Aesldian
16.82, 4.67, 2.52, 2.02, 1.68, 1.44, 1.26 U MUARU

35

30

25

20

15

ammonia concentration (ppm)

10

G

1 2 3 4 5
time (min)
—®m-ACH =10.8 (TIS) —=— ACH = 3 (Law)
—&— ACH =20 -®- ACH=25
-A&-ACH=30 —e— ACH =35
—e— ACH =40

JUN 15 Anuduiiugsendne Concentration way Time luan1ie
Purging stage LipAENIINITTZUILDINIALANAINAL

8. WSaugUdNIINISIZUILRINA

9gtunseenuuuMIsEUIEIMAd MU A3 B
syuuvhaudusuukenlinte Imsensdann 3 uasdaya
Fafideudliaenndasty silivaneadafnenuduay Tuns
donld

unastayadl 1 1191NNYNTENTNANUANINTANS
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QAANVINTTN NTENTHYAEMNTTU TagvyIanwnlzieq
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srurwemanuuldinau lolsiornanyuisunisly
ogafisaneuaziinAuUasafsunALIIY AN
Wasuemaluviesliedanysainigludduund uas
izmsmmmdwﬁmmaamjmauaﬂmmi

wiasteyail 2 m19nunasgIunEafusignamnssy
(wen. 3023-2563) szuunmsvianuduieludowuudn
1o sanlavd1dnauninsgrundndusionainngsy
N3ENT9gAAMNTIY BeimunlisnnszuIsennAUna
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oImauuUgnLEY YiesAesfaseenuuuliiidnsszue
91mA9N 2 auns leglidenefiunnnitlunisesnuuy

Faaun1si (16) wazaunisfl (17)

0=0.07xG> (16)

mass

g
G,.. AouIaveIdng LNl lussuuilvgan
Fad1urne voeszuuil desgniinmvegnaieluiiag

\3eednIna feimireduilansy (Alandw)
0=V x0.003 (17)
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IAR  ( INTERNATIONAL INSTITUTE OF AMMONIA
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