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Tab31® #° >vfi «' >
@)d- >vfi «' > —

3290

Task

Assessed Error Probabilit

Fail to respond to a normal temp/pressure/level alarm

Close or open manual valve in error

Re-open a valve at the wrong time

Open wrong or too many valves

Tanker driver drivesoff despite SO2 delivery incomplete

Fail to react to jet fire on slug catcher

Supervisor does not notice a subordindtee c hni ci aed
failure to close a valve)

Fail to carry out 2 yearly maintenance as planned to the vessel
Fail to continue to hold open the oil delivery arm valve by delibe
inhibit

Fail to dip tank prior to newdistillation run

Fail to select goggles prior to entering laser laboratory (reg
visitor)

Pass rail signal at red

0.02
0.02
0.03
0.04
0.0005
0.2

0.5
0.006
0.2
0.2
0.01
0.0002

(by ™ £F—4° dvfi «' 0>

Error Probability (per task)

Read/ Physical | Everyday
reason operation| yardstick

Simplest Possible Task

Read single alphanumeric wrongly 0.0002

Read 5letter word with good resolution wrongly 0.0003

Select wrong switch (with mimic diagram) 0.0005

Fail to notice major crossoads 0.0005

Routine Simple Task

Read achecklist or digital display wrongly 0.001

Set switch (multiposition) wrongly 0.001

Check for wrong indicator in an array 0.003

Wrongly carry out visual inspection for a defined criteri 0.003

(e.qg. leak) '

Fail to correctly replace PCB 0.004

Select wrong switch among similar 0.005

Read analogue indicator wrongly 0.005

Read 10digit number wrongly 0.006

Leave light on 0.003

Routine Task with Care Needed

Mate a connector wrongly 0.01

Fail to reset valve after sonrelated task 0.01

Record information or read graph wrongly 0.01

Let milk boil over 0.01

Type or punch character wrongly 0.01

Do simple arithmetic wrongly 0.01-0.03

Wrong selectiori vending machine 0.02

Wrongly replace a detailed part 0.02

Do simple algebra wrongly 0.02

Read 5letter word with poor resolution wrongly 0.03

Put 10 digits into calculator wrongly 0.05

Dial 10 digits wrongly 0.06

(c)g* d>vfi «' 2 —

Activity Error Probability
Activity performed undemrxtreme stress (e.g. a major incident in a plan 0.99

refinery) )

Skilled task or task performed under some moderate stress factors 0.1

Average scenario 0.01

Highly practiced straightforward task, well documented, well motivated,| 0.001
Approximately the minimum error probability to be assumed (e.g. si( 0.0001

passed at red) '
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(a) 5 s after opening the door

(b) 10 s after opening the door

(c) 15 s after opening the door (d) 20 s after opening the door

(e) 25 safter opening the door (f) 30 s after opening the door

(g) 35 s after opening the door (h) 40 s after opening the door

(i) 45 s after opening the door (j) 50 s after opening the door

(k) 55 s afteropening the door (I) 60 s after opening the door
Fi g-1-3 5 Calsie- 5 <« oD vfi n 0 m/ s
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(a) 5 s after opening the door (b) 10 s after opening the door

(AN

(c) 15 s after opening the door (d) 20 s after opening the door

(e) 25 s after opening the door (f) 30 s afteropening the door

_—— g

(h) 40 s after opening the door

W,

(i) 45 s after opening the door (j) 50 s after opening the door
(k) 55 s after opening thdoor () 60 s after opening the door
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37

0.019

0.016

0.014

0.012

0.009

0.007

m



(a) 5 s after opening the door

(b) 10 s after opening the door

(c) 15 s afteropening the door

(e) 25 s after opening the door

(g) 35 s after opening the door

e

(d) 20 s after opening the door

(f) 30 s after opening the door

1

]

(h) 40 s after opening the door

(i) 45 s after opening thdoor

(j) 50 s after opening the door

.

(k) 55 s after opening the door

Fi g15 £ as4-95 «-

(I) 60 s after opening the door
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(a) 5 s after opening the door

b

(b) 10 s after opening the door

(c) 15 s after opening the door

(e) 25 s after opening the door

(d) 20 s aftempening the door

(f) 30 s after opening the door

(g) 35 s after opening the door

AN

=

(h) 40 s after opening the door

-

]1

F .

(i) 45 s after opening the door

| EI
(k) 55 s after opening the door () 60 s after opening the door
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(j) 50 s after opening thdoor
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(a) 5 s after opening the door (b) 10 s afteropening the door

(c) 15 s after opening the door (d) 20 s after opening the door

(e) 25 s after opening the door (f) 30 s after opening the door

(g) 35 s after opening the door (h) 40 s after opening the door

(i) 45 s after opening the door (j) 50 s after opening the door

(k) 55 s after opening the door (I) 60 s after opening the door
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(c) 15 s after opening the door (d) 20 s after opening the door
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(e) 25 s after opening the door (f) 30 s after opening the door

00 A7 e

(g) 35 s afteropening the door (h) 40 s after opening the door

0.007
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(i) 45 s after opening the door (j) 50 s after opening the door

(k) 55 s after opening the door (I) 60 s after opening the door
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0.016

0.014

(a) 5 s after opening the door (b) 10 s after opening the door

(d) 20 s after opening the door

(e) 25 s after opening the door (f) 30 s after opening the door

(9) 35 s after opening the door (h) 40 s afteropening the door

(i) 45 s after opening the door (j) 50 s after opening the door
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0

(a) 5s after opening the door

(b) 10s after opening the door

(N

-

(c) 15 s after opening the door

(d) 20 s after opening the door

.

(e) 25 s after opening the door

—

(g) 35 s aftempening the door

(f) 30 s after opening the door

3

(h) 40 s after opening the door

3

(i) 45 s dter opening the door
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<= <D v i — * AP 0 m/2s. 5 mR2s £Bmima —
4 - LFigll1BFi g115% <= ¢ ¥fi —
A 0 m/2s. 5s /2. 435 mimp — L Fig116Fi g-1-1 %
- A 0% d | - | =™a™ FjgllBFi gl 5
19 | VIES A# =V  # Ned <
L 4L £ oV M/ A— # -V Figl1B3Fi g11%
— 4 — Y%l EV L (8-1) (5

1-16)! Fi g-1-1 53Fi g-1-1 & £ A

Tabl-1e2 54= < D v fi - n n
(a) 500 g
“Aae (m/s) (m3/min)
Case () 0.0 1.0 2.0 2.5 3.0 3.5
' (4.98) | (9.96) | (12.45)| (14.94)| (17.43)
5.1-1 (min) ' 267.42 3.22 1.67 1.14 0.91 0.73
5.1-6 17.14 (mhmin) [1402 6.3 3.3 2.8 1.9 1.1
(m3) 5.2 1.9 1.4 2.8 2.1 2.4
c1.7 (min) _ 122.13| 3.04| 1.79] 1.25] 1.11] 0.82
51.12 24.01 (mhmin) | 617. 6.1 3. 2.4 2.0 1.1
(m?3) 5.0¢ 2.4 1.7 1.9 1.4 2.4
5.1.13 (min) 43.79| 2.86] 1.70| 1.08] 1.13| 0.87
5.1-18 36.0 (mhmin) | 181.47 6. 2 2.1 1. 4 2. ( 1. 4
(md) 4.1 2.1 1.4 1.4 1.1 1.1
(min) 6.38
5-1-19 | 64.0 (mhmin) | 14.75
(md) 2.31
5.1-20 (min) 2.64 1.85 1.30 1.07 1.07 1.01
5.1.25 100.0 (m% min) 6.5 3.6 2.1 1.4 1.4 1.7%
(m3) 2.4 2.4 1.4 1.8 1.9 1.1
(b) 358 g
S ae (m/s) (m3/min)
Case (m2) 0.0 1.0 2.0 2.5 3.0 3.5
) (4.98) | (9.96) | (12.45)| (14.94)| (17.43)
5.1.26 (min) _ 107 1.9 0.4 0.4 0.4 0.4
e 131 | 17-14 (mhmin)[ 367 [ 3.1 1.4 1.3 1.0 0.
(md) 3.4 1.6 1.4 1.4 1.4 1.6
5.1-32 (min) 4096/ 2.0 0.9 0.7 0.4 0.4
5.1-37 24.01 (mhmin) | 117. 2. ¢ 1. 7 1. ( 0. ¢ 0. €
(md) 2.8 1.4 1.2 1.3 1.2 1.8
5.1.38 (min) 800 1.9 0.9 0.9 0.9 0.4
e 143 | 360 (mhmin)[ 14.[ 2.4 1.1 0.9 0.7 0.8
(md) 1.8 1.4 1.4 1.d 1.4 1.4
(min) 1. ¢
5-1-44 64.0 (mH min) 3. 7
(m?) 1. ¢
c 145 (min) 1.9 1.9 1.1 0.7 0.6 0.4
5.1-50 100.0 (mH min) 2. 9 1. 7 1. ] 0. § 0. 1 0. §
(m3) 1.4 1.1 o0o.4d 1.1 1.1 1.4
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Tabl-13 54= <D ¥ fi - n n
(a) 500 g
“aey (m/s) (m3/min)
Case (m?) oo | 10 2.0 2.5 3.0 3.5
"~ | (4.98) | (9.96) | (12.45)| (14.94) | (17.43)
E151 (min) 266] 2. 0.4 0.6 0.6 0.4
5.1-56 17.14 (mhmin) | 4.26 1. ¢ 0. 7 0. € 0. 4 0. 3
(m?) 160] 0.9 1.4 0.9 0.6 0.r+H
157 (min) 200 1.4 0.8 0.8 0.4 0.4
5.1-62 24.01 (mh min) | 2.72 1.4 0.4 0.5 0.4 0.7
(md) 136] 0.9 1.4 0.9 1.4 0. 1
c.1.63 (min) 163] 1.q¢ 0.5 0.6 0.5 0.75
c1eg | 360 (mhmin)| 236] 1.4 0.6 0.5 0.4 0.4
(m?) 1.45 1.1 1. ( 0. § 0. 1 0. 1
5.1-69 (min) 1.43 1. 3§ 0. § 0. § 0. § 0. §
5.1-74 100.0 (mh min) | 1.49 1. (¢ 0. € 0. § 0. 4 0. 3
(md) 1.04] 0.7 1.1 1.q 0.4 0. 1
(b) 358 g
“Aey (m/s) (m3/min)
Case () 0o | 10 2.0 2.5 3.0 3.5
) (4.98) | (9.96) | (12.45)| (14.94)| (17.43)
175 (min) 118/ 0.9 0.5 0.4 0.4 0.4
180 | 17-14 (mhmin) | 1.07] 0.4 0.3 0.2 0.2 0.1
(m?) 090] 0.7 0.7 0.6 0.9 0.3
c.1.81 (min) 091 0.8 0.4 0.9 0.4 0./
5.1-86 24.01 (mhmin) | 0.88 0.9 0.3 0. 2 0.4 0.1
(md) 097 0.7 0.7 0.7 0.9 0.4
c 187 (min) 1.03] 1.q¢ 0.9 0.4 0.8 0.¢4
5.1-92 36.0 (mh min) | 0.78 0. § 0. 3 0. 2 0. 2 0.1
(m?) 0.76 0.5 0.4 0. § 0.4 0. §
£.1.93 (min) 133] 1.4 0.4 0.4 0.8 0.4
5.1-98 100.0 (mhmin) | 0.72 0. § 0. 3 0. 7 0. 7 0.1
(m3) 054/ 0.5 0.7 0.6 0.4 0.3
£ 300 : : , , 6
E Refrigeramj &
§250H{ 1 0.500 kg e ) <2
o 3 0.358 kg / E
@ 200 > 4 e
o) Q
@ e} X
£ 150 g 3
S 4 e [ .
s 100 z 2 sz
_5 8 Refriger amj
§ 50 / =1 1 0.500 kg
a) 0 oo 0 .3 0.' 3 5 8 .k g
O 0.005 0.01 0.015 0.02 0.025 0.03 0O 0.005 0.01 0.015 0.02 0.025 0.03
M/A kg/n?) M/A kg/m?)
(a) (b)
Fi g-1-1 5 4 <= cDdvfi 0 0 3mmi n
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©
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= 05
3 ° 0.358 kg
0 i i i i
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(a)
Fi g-1-1 3 d
.g 2
Z 18 . °®
S °
? 1.6
% 14 3
g 1.2 %
£ - "
= 0.8
o
_50'6 Refrigeram
§ 0.4 1 0.500 kg [
3 02 3 0.358 kg [
0 i i i i
0 0.005 0.01 0.015 0.02 0.025 0.03
M/A kg/m?)
(a)
Fi g-1-1 & d
<14
£
S 1.2 ”
% //5/ X
©
= 0.8 »
S
8 06
S 0.4
s Refrigeramy|
S 02 1 0.500 kg
a 3 0.358 kg
O i i i i
0 0.005 0.01 0.015 0.02 0.025 0.03
M/A kg/r?)
(a)
Fi g-1-15 4
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25
& o
GE-’ 2 ® .//.
= .
S — T
> 15 ;
3
g X
c 1
]
= Refriger amj
g 05 1 0.500 kg
= 3 0.358 kg
O 1 1 1 1
0 0.005 0.01 0.015 0.02 0.025 0.03
M/A kg/mf)
(b)
< oD v fi N 4. 98 mm n
2.5
&
o)
£ ° -
E LI ] I el
15 X
C%S ///
e
E 1 bex
8
= Refriger ai
§ 0.5 1 0.500 kg
= 3 0.358 kg
0 i i i i
0 0.005 0.01 0.015 0.02 0.025 0.03
M/A kg/n?)
(b)
< D9 fi N 9. 9% mm n
3
>
g2.5 °
3 _—
S 2 o )
Q /
215 ® ; x
€
£ >«/
8 1
c Refrigeram
® 05 1 0.500 kg
= 3 0.358 kg
o I I I I
0 0.005 0.01 0.015 0.02 0.025 0.03
M/A kg/me)
(b)
< D9 fi N 12. 45 mimn



< 4 : : : :
éBS_Refri ger amMj
5 T 0.500 kg °
© 3 * 0.858 kg
%2.5
E 2 f
£ )
= 1.5 X.e o
5 g
c 1 X
=
805
>
)
0 0.005 0.01 0.015 0.02 0.025 0.03
M/A  kg/n?)
(a)
Fi g-1-1 6 4
€25 : : : :
E Refrigeram
& o] T 0.500 kg °
2 3 0.358 kg
S 15
-‘ZG . o L)
c_Ec 1 % * 5
S
c
905
s
>
B 9
0 0.005 0.01 0.015 0.02 0.025 0.03
M/A kg/m?)
(a)
Fi g-1-1 B 4
<07
E
.20.6 . . ®
205 e x
o X
‘3 0.4
£
o3
%0-2 Refrigeramy |7
g= T 0.500 kg
gol 3 O 358 kg ........
0 o i i i i
0 0.005 0.01 0.015 0.02 0.025 0.03
M/A kg/mp)
(a)
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E14 .
£ 1.2 . .
=]
S 1 ®
2
g 0.8 - X
€ 0.6
8 X
‘= 0.4 Refrigeram
@
L T 0.500 kg
= 0.2 5 0.358 kg |
O I I I I
0 0.0050.01 0.0150.02 0.025 0.03
M/A  kg/ne)
(b)
< D9 fi N 0 Smmi n
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©
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£ 0.6
e X
S04
= Refrigeram
$ 0.2 1 0.500 kg
= 3 0.358 kg
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0 0.0050.01 0.015 0.02 0.025 0.03
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(b)
< D9 fi N 4. 98 mmn
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°
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S ]
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< 0.7
£ . é1.2
[ )
.50'6 ° o 10 o ¢
o = °
205 e ® 208 o —
[} o 0.
2 0.4 @ -
s 0. @
£ 206 X X
$0.3 £
= S
B 0.0 -f—EO'A' Pa—
s Refrigeraim < Refrigeram
5 2 0.358 kg 0.358 kg
0 9 - . : : 0.0 i i i i
0 0.005 0.01 0.015 0.02 0.025 0.03 0 0.005 0.01 0.015 0.02 0.025 0.03
M/A  kg/n?) M/A Kkg/nv)
(a) (b)
Fi g-1-1 8 4 <« oD vfi 0 12 . 43 mimn
«4= D v fi 7
_ M2 .. M y _ _
TV:4.13EiiK T8(¢>1E1K+1.3&¥I 0 3mi n €= oD v fi ( 8-1)
..M _ .
VV=1.B@IK+1.34 0 3mi n <= 2 vfi (8-2)
.M _ .
Tv=5. BAT- +1.46 1 m/s 4. 9%mim <= o v i (8-3)
: . .M . .
(Q,:l.EIK+l.42 1 m/s 4. 98nim«= <D vfi (8-4)
Tv=1. 40 2 m/s 9. 9%mim <= 0D Vi ( 8-5)
, ..M _ .
(Q,ZZ.BIK+1.08 2 m/s 9. 9%mim «= =D v fi (8-6)
_ M y _ .
Tv=1.0dT-+8. @l 2.5n0nm/ sl2. &%i me= oD vfi ( 8-7)
, ..M - . i
w=4 ﬂIK+9.[4ﬂI 2.5n0nm/ s12. #%i ma= <D v fi (8-8)
- D v fi 7
.. M . _ .
Ty=t& %1 8 A +8. B@I 0O 3mi n <= <D v fi (89)
..M - _ .
VV:3.D&)IK+6.[317L'I 0 3mi n<= <2 wfi (8-10)
. o.M . .
V=4. 10T+ +5. @al 1 m/s 4. 9%nim <= o v (8-11)
, ..M . i
w=1.204 K+6.ﬁﬂl 1 m/s 4. 98nim <= <D vfi (8-12)
"Y=5 . P4 2 m/s 9. 9%mim €= 0D v i (8-13)
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M
@=1.2dT +7. gnl 2 m/s 9. 9%mim 4= o i (8-14)

¥=5 . Paul 2.50m/ sl2.n@/®i n< oD (8-15)
@,:6.05—11#7.@12T 2.50m/ sl2. #mi ma= oD vfi (8-16)
A (M
M (kg)
Tv ( mi n)
Vv (M
PO Hoamfico 7D 2D @F | n <« oD v
n N 2 — £ O-" = Yg—
%Ne| Fi gl26 <= 0D ¥fi 2| <4=odwfic|f = 4 ™ —
-I-— Y ¢J|| -|| % 4= =D wfi % J/8|If - t = ¢J|| = TM-"
— < oD v fi 3% s |F - T = I=|]| = TM-" d s ||f
- 1V % o< 4 odvfin g 14 =™ 62LNd ¢ k- o220
hd eh. @/ o= «= 0D vfi¥% A L A s <= odvwific|
4 ™ — + - 4L A - | - £ No| v
o L T N Lnef %
1 % J 4L t 3 - A -% J
AL t Y - A % 2N 7/ 12 ' @-= ¥ @0fiJ # | 0
L 35 4= oD v £ — 4= oD wfi — — L ™1 <<
— | Al —hOf I hofi - AL
ez B "o Hemfic DD @— i~ | | (&1)<4 (8-2)
| cas)d (aed -1 - me Ty
l::l_r//Alr fol
H ______ Door Door
[ LA r o f
[—]
Condensing Unit Condensing Unit
L1 [ L] [
(a) n (b) n
< D v fi
Fi g-1-26 D Humfic T2 *2 @ — -0 © side vi
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5.1. 2 - — 0. 25

M(kg)LFL(Rd/ m:t H(m)T A(Wm}Lo.25 -
= S IR 4 t SV L 7V n Lo 61
m> 3.mMl 3. M2mM 0 1g7 . 1’44 m14 ml #3558 208 . *°14 m9 mliA500mg
S e o "2 @— Ly 44 - -1 2 4 < 1ty o "o
e— ¢ | < o (W) 4 - 0= - t YV o1
YO.52 wo.7312mY1.08 Wi. 4624mY2. 18 W2. 924 m
LFE A — { M( kg)/ V() / LFLY (|ky./424. 37
- 2 A ne | 0 m/ls m/4s. 98 mm n2 m/9s. 97
m¥ mi nd 3 m/ls4. 9% mims 1SV 4= oD vfi — L Tabl-e 5
1-4- A 0% 4 | k= ma = — - %
™= - % t 4V AR 0 m/sLFE A -
{ M( kg)/ V(i) / LFLB) €kg/ m
4 — L Figl2s A
Tabl-1l.4 5 — < n 0. 2% oD wfi
(a)
Case (m/V) (min)
A(m?) M(q) V(m®) | /LFL [0.0 m/s| 1.0 m/s| 2.0 m/s| 3.0 m/s
5-1-9 9 1 0 2 9.61 200 2.44 4.06 1.06 1.08 0.92
5-1-1 0310 17.14 358 4 2.16 4.36| 63.00 2.10 1.20 0.98
5-1-1 0711 24.01 500 6.09| 79.29 2.64 1.61 1.19
5-1-1 111 1 9.61 200 4.87| 81.21 1.10 0.78 0.47
5-1-1 1511 17.14 358 2 1.08 8.72| 107.00 1.98 0.98 0.69
5-1-1 1 91 2 24.01 500 12.18] 122.13 3.04 1.79 1.11
5-1-1 2 31 2 9.61 200 9.75| 121.21 1.45 0.64 0.34
5-1-1 271 3 17.14 358 1 0.54 17.45| 140.75 2.93 1.02 0.58
5-1-1 311 3 24.01 500 24.37| 151.25 3.20 1.72 0.84
(b)
c (m/V) m® min)
ase 5 3
A(m?) M(g) V(m®) | /LFL | 0.0 m/s| 1.0 m/s| 2.0 m/s| 3.0 m/s
5-1-99 1 0 72 9.61 200 2.44 2.11 0.95 0.59 0.36
5-1-1 0 31 0 17.14 358| 4 2.16 4.36| 158.87 2.61 1.45 1.14
5-1-1 0 71 1 24.01 500 6.09| 330.68| 4.51 2.57 1.94
5-1-1111 1 9.61 200 4.87| 135.34] 0.91 0.57 0.25
5-1-1 1511 17.14 358 2 1.08 8.72| 367.92 3.18 1.45 1.01
5-1-1 1 91 2 24.01 500 12.18| 617.10| 6.11 3.04 2.05
5-1-1 231 2 9.61 200 9.75| 249.92 1.08 0.46 0.16
5-1-1 2 71 3 17.14 358| 1 0.54 17.45| 546.15| 3.44 1.29 0.60
5-1-1 3 11 3 24.01 500 24.37| 819.68 6.21 2.36 1.53
(c)
Case (M/V) (m3)
A(m?) M(g) V(m3) | /LFL | 0.0 m/s| 1.0 m/s| 2.0 m/s| 3.0 m/s
5-1-99 1 0 72 9.61 200 2.44 0.52 0.90 0.55 0.39
5-1-1 0 31 0 17.14 358| 4 2.16 4.36 2.52 1.24 1.21 1.16
5-1-1 0 71 1 24.01 500 6.09 4.17 1.71 1.60 1.63
5-1-1 111 1 1 9.61 200 4.87 1.67 0.83 0.73 0.53
5-1-1 1 511 17.14 358| 2 1.08 8.72 3.44 1.61 1.48 1.46
5-1-1 1 91 2 24.01 500 12.18 5.05 2.01 1.70 1.85
5-1-1 2 31 2 9.61 200 9.75 2.06 0.74 0.72 0.47
5-1-1 2 71 3 17.14 358| 1 0.54 17.45 3.88 1.17 1.26 1.02
5-1-1 3 11 3 24.01 500 24.37 5.42 1.94 1.38 1.82
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= :
E 160 FReff!gefated volumgn) ! Refrigerated volumg¢m?)
= ——2.16 JRERESA E6 | ——216
= 140 | —O—1.08 A @ ——1.08
[@)] —
g 120 ——0.54 /f‘l/ S S5 [ —A—054 - ///‘
= o
3 100 /fﬂ/ o 4 ’
£ » S
€ 80 O © /
= £ 3 e
5 60 g, / d
S 40 / c o
T ]
= 20 s 1 J
2 0
0 2 4 6 8101214161820222426 0 2 4 6 8101214161820222426
(m/V)/LFL (m/V)/LFL
(a) (b)
é 900 Refrigerated volumém?3) L
g 800 [ —e—2.16 /o
g 700 || —0—1.08 //
é 600 —a—0.54 //
= /K
35 2 p,
© 300 o
= /
3 /)
g 200
£ 100
LL
0 ¢
0 2 4 6 8101214161820222426
(m/V)/LFL
(c)
Fi gl2 15 - A - <« 0D ¥
LFE A — % to0ds<
—m™md L % 100 12 | LFE A -
% %M — % to0d %= LFE A - s =
o & —r == | LFL- & - % oa¢l
R S cFr =V osod -1 s # |
'O Hemfico "D D @— %~ 00 A 14 -= %9 Y%= +
— 4 ™ ¥ ™My L - o = o) - ZFpr 2 r EZ] =
% o= ™| I <% td 4 7 —v E — - o= 0 #
Ned - "> > @— % /=1L — n — % 1 2 —
-1 2 ot R,
> o - e= alo< g 4V
< L 9V L' LFE Ao - % o0z L - |
= of £ 4 LFE 2 — % 2.44 Case-99 Case-192
z L - | % 4 = ™
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- <= oDdvfiv - - L v L Tabll5-5 A <
= oD i < = — - % M= - Y td LFE 24
- % 2. 44 Casel-135Casel-138% L - | % td v o3
v A 0 mis—LFE A — <
. L Fig-1-25 A <= oD ¥ < — dL
= | LFLe 2 - = 0 A+ %
! | L A ~ % ozl = o
L4 - FT Vv <ofV
Tabl-15 5 — < n 0. 2% D vfi
(R
C (m/V) (min)
ase 2 3
A(m?) M(g) V(m®) | /LEL | 0.0 m/s| 1.0 m/s| 2.0 m/s| 3.0 m/s
5-1-1 351 3 9.61 200 2.44 0.33 0.33 0.26 0.23
5-1-1 391 4 17.14 358 4 2.16 4.36 0.86 0.66 0.78 0.52
5-1-1 4 31 4 24.01 500 6.09 0.94 0.88 0.91 0.95
5-1-1 4715 9.61 200 4.87 0.76 0.52 0.42 0.42
5-1-1 5115 17.14 358 2 1.08 8.72 1.18 0.94 0.52 0.45
5-1-1 551 5 24.01 500 12.18 2.00 1.48 0.56 0.45
5-1-1 591 6 9.61 200 9.75 1.96 0.84 0.55 0.63
5-1-1 6 31 6 17.14 358 1 0.54 17.45 2.88 0.98 0.68 0.66
5-1-1 6 71 7 24.01 500 24.37 4.90 1.35 0.71 0.73
(b)
Case (m/V) m* min)
A(m?) M(Q) V(m3) | /LFL | 0.0 m/s| 1.0 m/s| 2.0 m/s| 3.0 m/s
5-1-1 351 3 9.61 200 2.44 0.07 0.07 0.06 0.05
5-1-1 391 4 17.14 358 4 2.16 4.36 0.55 0.52 0.41 0.28
5-1-1 4 31 4 24.01 500 6.09 1.21 1.09 0.95 0.63
5-1-1 4 71 5 9.61 200 4.87 0.24 0.19 0.12 0.07
5-1-1 5115 17.14 358 2 1.08 8.72 1.07 0.68 0.39 0.23
5-1-1 5515 24.01 500 12.18 2.72 1.42 0.67 0.46
5-1-1 591 6 9.61 200 9.75 0.94 0.29 0.08 0.05
5-1-1 6 31 6 17.14 358 1 0.54 17.45 3.57 0.71 0.25 0.14
5-1-1 6 71 7 24.01 500 24.37 9.85 1.39 0.54 0.32
(c)
Case (M/V) (m?)
A(m?) M(g) V(m® | /LFL | 0.0 m/s| 1.0 m/s| 2.0 m/s| 3.0 m/s
5-1-1 351 3 9.61 200 2.44 0. 2 0. 2 0. 2 0. 1
5-1-1 391 4 17.14 358 4 2.16 4.36 0. § 0. 7 0. 1§ 0. 194
5-1-1 4 31 4 24.01 500 6.09 1. 2 1. 2 1. ( 0. {
5-1-1 4715 9.61 200 4.87 0. 3 0. 3 0. 2 0. ]
5-1-1 5115 17.14 358 2 1.08 8.72 0. ¢ 0. 7 0. 7 0.1
5-1-1 5515 24.01 500 12.18 1. 3 0. ¢ 1. 2 1. (
5-1-1 591 6 9.61 200 9.75 0. 4 0. 3 0. 1 0. (
5-1-1 6 31 6 17.14 358 1 0.54 17.45 1. % 0. 7 0. 3 0. 1
5-1-1 6 71 7 24.01 500 24.37 2. ( 1. ( 0. 7 0. 4
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Tabl-16 5O Hufico "2 *D> @ no .
(a)
2 1
Case
(m2) ) = ( C )
(5-1-1) | 17.14 (min) 267.42
(5-1-7), . ) )
51171 173| 2401 (min) 122.13| 40.54|( 0. §131.08] 41.79|( 0. §
(5-1-13), : g
51.174 176| 360 (min) 43.79| 26.42| (0. ¢ 49.96| 29.79|( 0. §
(5-1-19), . )
51.177 179| 640 (min) 6.38| 6.21/(0.9¢ 9.00| 8.00/(0. ¢
5-1-180 181| 73.96 (min) 6.17| 5.92|( 0. ¢
(5-1-20).1 1409 (min) 2.64| 2.70|(1.( 3.88] 3.88] (1
5-1-182 184 ' : . : . . .
(b)
2 1
Case
(m?) ) ( C )
(5-1-1) | 17.14 (m®min) | 1402
(5-1-7), 3 ) )
51.171 173| 2401 (mPmin) | 617./149./(0.37681./157./(0. 1
(5-1-13), 3 g g
5.1.174 176| 360 (m®min) | 18147102 ./(0.49225.[118. (0.4
(5-1-19), 3 q q
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5-1-180 181| 73.96 (m3min) 15.98| 15.23| (0. §
(5-1-20), o | ) ) j j )
5.1-182 184 | 100.0 (m>min) 6.9 6 (0.¢ 7.3 7.3(0. ¢
(c)
2 1
Case
(m?) ) - ( )
(5-1-1) | 17.14 (m?3) 5. 2
(5-1-7), 5 ] i _ ]
5.1.171 173| 2401 (m3) 5.0 3.€6(0. 5.2 3.179(0.
(5-1-13), R ( ] )
5.1.174 176| 360 (m3) 4.1 3.¢8(0.9¢ 4.9 3.9(0.
(5-1-19), R
51.177 179| ©4°0 (m?) 231 2.33[(1.( 2.88] 293|(1.
5-1-180 181| 73.96 (m?) 2.59| 2.57[(0. ¢
(5-1-20), 3 / q q q
5.1.182 184| 100.0 (m?) 2.4 2.4(0.9¢ 1.9 1.9 (1.
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(a) 5s dter opening the door b) 10s dter opening the door

(e) 25s dter opening the door (f) 30 s dter opening the door

(h) 40s dter opening the door

(i) 45 s dter opening the door (j) 50 s dter opening the door

(g) 35s dter opening the door

(k) 55 s dter opening the door (I) 60 s d&ter opening the door

Fi g-1-3 5 U3 b ommfi N2 4. GOLme n 2
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0.023
. 0.021

0.019

0.016

0.014

0.012

0.009

0.007

(a) 5s dter opening the door (b) 10 dter opening the door I“"S
0.002
0.000

(c) 15s dter opening the door (d) 20s dter opening the door

(e) 25s dter opening the door (f) 30 s dter opening the door

(g) 35s dter opening the door (h) 40s dter opening the door

i

(i) 45 s dter opening the door (j) 50 s dter opening the door

(k) 55 s dter opening the door (I) 60 s d@ter opening the door
Fi g-1-3 G U b ommfi N2 4. GNLme n 1

64



[
0.019
0.016
0.014
0.012
0.009
0.007

(a) 5s dter opening the door (b) 10s d&ter opening the door

. —t X L~ &

(c) 15s dter opening the door (d) 20s dter opening the door

(e) 25s dter opening the door (f) 30 s dter opening the door

_h_

(g) 35s dter opening the door (h) 40s dter opening the door

A

(i) 45 s dter opening the door (j) 50 s &ter opening the door

(k) 55 s dter opening the door (I) 60 s dter opening the door
Fi g1-3 B U Hommfi N2 4. GRLIME n 2
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(a) 5s dter opening the door (b) 10s dter opening the door

!

(c) 15s dter opening the door (d) 20s dter opening the door

(e) 25s dter opening the door (f) 30 s dter opening the door

(g) 35s dter opening the door (h) 40s dter opening the door

i

(i) 45 s dter opening the door (j) 50 s dter opening the door

(k) 55 s dter opening the door (I) 60 s dter opening the door
Fi g1-3 5 U Hommfi N2 4. GRLIME n

=
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5.1.4 — 4 ™

D Huafio T30 @— 1 — <= oo v T ARl — 0.1 -m/-s &
[ vy 7 - - | 5. 1.1 < =V L Tabklerr5 A | 174 14. 14
m 24.04. 9 mi4a302m6. 0 ml6s. 0 tnffv Tabller-5 —%| a -
%1 0 m¥s Tablle2 5 A L A

L e o0z # | 20 — 3 2 45 1826 r
s = | 30/ h -~ t 4 = %4 - - 0.1 m/i-s %
A v —|ec -] Tabll7-5 — & A - A RLE
"0 e— - % Ned| <o "> > @— T Ael - z ™ 34 < #
| % o | Nf| 3% 1 — £ L vy Ll-x<
Tablle7 5 0.1 mls

Case ) , ,

m 9 (min (%) |[(hmin (%) (9 (%)

5-1-187 500 | 24.9 9.3 64.8 4.62 2.61 49.6

5-1-1 8 8 358 | 18.116.9 36.8 10.0 2.03 59.0

5-1-189 ., , 500 | 23.919.3 72.4 11.7 3.01 60.7

5-1-1 9 0 358 | 15.( 36.€6¢ 33.4 28.5 2.23 77.9

5-1-191 500 | 17. 71 40.4 62.7 34.5 3.5% 85.6

5-1-1 9 2 358 6.4 80.€¢ 11.0 74.6/ 1.74 92.38
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Tabl-21 5 - =V
( ) (MPa)| (kg/m®) | (J/kg K) | (W/m K) (Pa s)
air 29.0 25 |0.1013 1.184 1006.6 | 2.585 102 | 1.84%®10°
propane  (R290) 44.1 25 |0.1013| 1.832 1684.7 | 1.8313102 | 8.146 10°®
ethane (R170) 30.1 25 (0.1013 1.238 1757.2 | 2.098 102 | 9.35810°
propylene (R1270) 42.1 25 |0.1013| 1.745 | 1548.2 | 1.71 102 | 8.56C 10°
isobutan (R600a) 58.1 25 10.1013| 2.440 1692.3 | 1.68% 102 | 7.498 10°
R152a 66.0 25 |0.1013 2.758 1050.8 | 1.416 102 | 1.008 10°
(m?/s) (K) (MPa) (kg/m3) | (cm?/mol) (m?/s)
air 1.56210° 132.30 96.53
propane  (R290) | 4.44810° | 369.89 4.251 220.48 | 200.00 | 1.1210%
ethane (R170) 7.55310° 305.32 4.872 206.18 145.84 1.44810°
propylene (R1270) | 4.906 10° 364.21 4.555 230.08 182.89 1.1810°
isobutan (R600a) 3.07310° 407.81 3.629 225.50 257.75 9.3210°
R152a 3.653 10° 386.41 4.517 368.00 179.49 1.0®10°
| # -
0. 0% 08! 1 1
Das 0 1 0.4y 0.37 Mx Ms
POTcaJlcs DNea - " Ve A B
! £ P (atm) T (K)
Tea Tea (K)
Vea  Vea (cm3/mol)
Ma Mg
Tabl-22 5 1 - n n 0 3mmi n
(a) 500 g
Case ! . .
(m?) (kg/m?) (min) (m®n min) (m?)
5-2-1 15.21 0.03287 431.63 2207.3 5.114
5-2-2 24.01 0.02082 160.83 838.77 5.215
5-2-3 36.00 0.01389 66.13 338.96 5.126
5-2-4 64.00 0.007813 19.79 90.86 4.591
5-2-5 100.00 0.005 8.75 25.62 2.928
(b) 358 g
Case ! . .
(m?) (kg/m?) (min) (m3n min) (m3)
5-2-6 15.21 0.02354 224.88 850.3 3.781
5-2-7 24.01 0.01491 80.08 291.57 3.641
5-2-8 36.00 0.009944 32.67 115.23 3.527
5-2-9 64.00 0.005594 10.13 26.13 2.579
5-2-10 100.00 0.00358 5.35 8.18 1.529
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%2 kgl k | J — -l =
™| 60 4 ™ %2 k&/hAcs< 72 - k 4
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5.2.53 —
o Ty r> e oV -y o d o) . 4L . <
o Yaf V ™ o —z¢i AL Fjg245 A
| » = & s e T @— - - - — - -
-~ 0. £0m4—m 4 o —>=] 1.8 m 1.875
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t ] 2. 2 m L 24. 1 9 mi4360.8 0 mi 6640. &. 0 ml
100.201@. 0 ml 10. 0t WV
|
|
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|
|
|
Tt T :w;Horizontal ]
! di splay cabi
Pressur(a bo0nd
|
/ \
[] Do o
Fi g-2-4 50 = 9% - : i S B A
). L YV — L Tabl-24-5 A » =
- A Cas®15525 | Tabl-22~5 —L_4d& =V
v —1 <% Y%
n oy — | s - - = n n
<b- 1900 % ™ % % %o o= —
— - A - — — | 24. 0% = | 25
| 13.8 % | 55. N 'O Humfio "2 D @—
4L — % %oofV % 10 0%2—m | | 97
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Tabl-24 5 )
Cas g e . .
() (mi| (fhmin)] (@)
(8-2) 160.83 838.77 5.22
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Gap above the door 2, W0.8 M0.01 m

[Horizontal display cabinet is not installed whé
refrigeranteaksfrom reachin display cabinet.

= : NS 1.97m
Ceiling ventilation open '
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0.25n30.2
Gap above the door 3,

WO.7 n? H0.006 m
Gap under the door 3,

WO0.7m3 H0.015 m

Gap above the door[I
WO0.8 n? H0.006 m

Gap under the door
W0.8m?H0.015 m

The right side is opened when the door is opened sudde

Gapunderthedoor5, W0.6 n§ H0.075 m
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EHorizontaI display cabinet is not installed When}the Gap above the door 2, W0.8 10.01 m
refrigerant leaks from readh display cabinet.

Gap above the door 3,
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Gap above the door
WO0.8 n$ H0.006 m
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1.643m The right side is opened when the door is opened suddenly.
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®Reach-ina, nogap AReach-ina, with gap
OReach-inb, nogap XReach-inb, with gap

®Reach-ina, nogap AReach-ina, with gap

OReach-in b, nogap XReach-in b, with gap
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@ Horizontal, no gap

A Horizontal, with gap

@ Horizontal, no gap

A Horizontal, with gap
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