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Abstract

This study proposes the suggestion of the standards and strategies for
controlling the radioactive pollutant spread during the nuclear facility
decommissioning processes, because the experience in the
decommissioning is limited in Taiwan. The first stage is to gather the
foreign and domestic references and to analyze and organize the practices
and standards about the nuclear facility decommissioning. The achievable
plans for controlling the contamination diffusion are presented by the
results of the CFD simulation and the verification experiment design.

The issues of the personnel safety, the environmental protection and
ALARA have to be considered and implemented during the
decommissioning. This project demonstrates the methods and equipment
of removing the components, facilities, systems and plant structures with
the activation effect or the radioactively contamination. The safety
operation procedure and the design consideration of the decommissioning,
the radiation protection and the prevention of the contamination spread are
shown in this research. This investigation collects and analyzes the
references, regulations and specifications about the suspended particulate
matter production and the contamination spread control. The simulation

and the preliminary experiment plan on the production and spread of the



suspended particulate matter during the decommissioning are established.
The results are applied to review the technologies of controlling the
contamination spread of the decommissioning.

All the work items of this research have been accomplished. In
chapter 2, the references about ‘“the evaluation of the contaminated
pollutant spread from the nuclear facility decommissioning disassembling
process”, “the discussion of the influences of different decommissioning
environment” and “the relevant standards on preventing the radioactive
pollution” are investigated. The appropriate cutting method for
commissioning and the key points for designing the local exhaust system
are exhibited in chapter 3. It schemes a minus pressure isolation space of
the experiment for observing the contaminated pollutant diffusion, and the
calculation sheets of designing the ventilation and local exhaust systems
are developed. The particle generation and diffusion phenomena are
simulated by the Fire Dynamics Simulator (FDS). The results of the
simulation can be utilized to propose the indoor ventilation and local
exhaust systems design program and to verify the effectiveness of the
systems. The suggestions to plan the flow field visualization experiment

of modifying the CFD modeling parameters are presented in this report.

The content of chapter 4 offers the conclusion and the suggestion of the



decommissioning. It includes the suitability of the different cutting
methods, the notice to establish the local exhaust system for
decommissioning, the consideration in safety to design and to operate the

whole ventilation system.
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% = ~ ASHRAE 232 /5 4 4 3 & & & [9]

Condition of

Contaminant Dispersion

Examples

Capture
Velocity, m/s

Released with essentially

Evaporation from tanks,

o . , . 0.251t0 0.5

no velocity into still air degreasing, plating
Released with low Container filling, low-
velocity into moderately | speed conveyor transfers, 0.5to 1.0
still air welding

) o Barrel filling, chute
Active generation into )

o _ loading of conveyors, 1.0to 2.5
zone of rapid air motion _
crushing, cool shakeout

Released at high velocity | Grinding, abrasive
into zone of very rapid air | blasting, tumbling, hot 2.5t0 10

velocity

shakeout
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# » ~ ASHRAE #2382 77 4 4~ #38 :# & [9]

Nature of

Contaminant

Examples

Min. Transport

Velocity, m/s

Vapor, gases,

All vapors, gases, smoke

Usually 5 to 10

smoke
Fumes Welding 10to 13
Very fine Cotton lint, wood flour, litho
) 13to 15
light dust powder
Fine rubber dust, molding powder
Dry dusts and ) ) .
dust, jute lint, cotton dust, shavings 15 to 20
powders ) ,
(light), soap dust, leather shavings
Grinding dust, buffing lint (dry),
wool jute dust (shaker waste), coffee
Average beans, shoe dust, granite dust, silica
industrial flour, general material handling, 18 to 20
dust brick cutting, clay dust, foundry
(general), limestone dust, asbestos
dust in textile industries
Sawdust (heavy and wet), metal
turnings, foundry tumbling barrels
Heavy dust and shakeout, sandblast dust, wood 20 to 23
blocks, hog waste, brass turnings,
cast-iron boring dust, lead dust
Lead dust with small chips, moist
Heavy and cement dust, asbestos chunks from
) . ) ) 23 and up
moist dust transite pipe cutting machines,

buffing lint (sticky), quicklime dust
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1007 cutting speed (cm/min) 1007Aerosols (g/m) a4 .. - wing arc saw

Plasma cutting :—-—"——/‘
o \ 10+ plasma cutting
1 grinding arc saw 1]
mech. saw

0,1 mech. saw 0,17 /
thickness steel (mm) thickness steel (mm)

0,01 + t } + i 0,01 + 4 . t {
0 10 20 30 40 50 0 10 20 30 40 50

Bl= ~ 2 far 32 278l R ERIFHRA S & 2 ®1[2]

12 T

(L TotalI
/] PM 2.5

-
o
1

1

o
1

Aerosol Generation (g/m)
N\

o 1 I 1 1

PlasmaPlasma Laser Disk
(50 A) (200 A) Grinder

Bz~ TR FHEOBRE L RiFikAd 2 200 1]

20



j“.
= SR

(a)F% & EEHE=15mm (b)4x &t FEH=65mm
Ble ~ 35722 2 FEFEREITFEA L £ 2 PG HERA
6bar % ﬁs?l A1 # 3 3kW) [5]

TERTIARY CONFINEMENT
ATMOSPHERE
SECONDARY CONFINEMENT
PRIMARY
CONFINEMENT
AIRFLOW o ol
BUILDING | OPERATION/ GLOVE BOXES
STRUCTURE | MAINTENANCE
ROOMS
MOST NEGATIVE
\
o MORE NEGATIVE
SUPPORT NEGATIVE
BUILDINGS
SLIGHTLY NEGATIVE

BT ~ PR fBR T34 0]

21



i~ [ =
WA N A Sq
XY X s
A A VAR 24
N\ ~ wZ
/(/ ) §5
; §i 2w 55
g \ 3. &
g PIPE 11 10 ©
L _Jerre T NN
= Tt T 0
a] ERE R & R * 3
= 23823 & 3 o
o
o
l 8 W ]
— §70 \
w 50
Q
T4 \\
930_ \ ...... .
§20

0
0 10 20 30 40 S0 &0 70 80 9C 100 11C 120
QUTWARD DISTANCE FROM PIPE MOUTH, % OF D

R R R RN SRS EN EE

sl

R e Y e Y

A. PLAIN DUCT END B. FLANGED DUCT END  C. ORIFICE AT DUCT END
C,=1.0 C,=0.50 C,=1.78
(USE P, OF ORIFICE)
T 1.10
1.00
5 & 090
x 080
FACE AREA AT — o
LEAST 2 TIMES 5 ©70
DUCT AREA <
£ 060 74
9B 50|} RECTANGULAR— i /& 4
m 3 AND SQUARE /2
- 040 : /
> \ i // 2
X 030 i A .//..,.. -
E \ Pl
FACE AREA AT W 020 R T
LEAST 2 TIMES 0.10 iy ROUND |
DUCT AREA ) — Nl [
0.00 [ i L1
0 20 40 60 80 100 120140150160

6 INCLUDED ANGLE IN DEGREES

D. TAPERED HOODS
FLANGED OR UNFLANGED: ROUND, SQUARE, OR RECTANGULAR
6 1S THE MAJOR ANGLE ON RECTANGULAR HOODS

Bl= ~ E8EF 1§ ¥ 2R 9]

22



' &’"’"7'”7 '
; -~
= m mg g = [0 E;O
% Dﬁ m |’ f Dﬁ v

= w e e, = | &
’ Dt’ —1g 4r Dti o

(d)

B~ o~ Eaibs Ad 2 F ok R B RCAI[12]

0.20
= 0.18 "= =
£ 0.16 E
2 ]
B 014 = \\ 5
£ — &
g 012 A N 5
S 0.10 ~ 2
S og ||+ SoA/AER=2 Sy ]
3 o6 ||~ SomATAER=S 3
5 —+—Sc.=A/ AER=10 3
E 0.04 - £
] 5
€ 002 2

0.00 | : . .
0 2 4 6 8 10
Particle diameter [um]
(a)
Figure 6:

level.
Bld ~ 25432 F%%

0.20
0.18
0.16
0.14
0.12
0.10
0.08

0.06
0.04 1

0.02
0.00

——Sc.=B/AER=2

- - -8c.=C/AER=2

——Sc.=D/ AER=2

0 2 4 6

Particle diameter [um]

(b)

Particle concentration above the release at 1.5m above ground

23

R % (- )[12]



5.0E-04
4.5E-04
4.0E-04
3.5E-04
3.0E-04
2.5E-04
2.0E-04
1.5E-04
1.0E-04
5.0E-05
0.0E+00

normalised concentration (-)

Figure 7:

—e—Sc.=A/ AER=2 =
--#-Sc.=A/ AER=5 s
—+—Sc=A/AER=10] | g

5

o

c

\ 1
o

\ B

@

— ]
**** 5

== E

o

e

2 4 6 8 10

Particle diameter [um]
(a)

Mean particle concentration
level.

5.0E-03
4.5E-03
4.0E-03
3.5E-03
3.0E-03
2.5E-03
2.0E-03
1.5E-03
1.0E-03
5.0E-04
0.0E+00

in the room at 1.5m above ground

—+—Sc.=B/AER=2

--m-8c.=C/AER=2|

——Sc.=D/AER=2[

4 6 8 10
Particle diameter [um]
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R BB
H < 50cm 0 E TR ER A
’/ L =1000cm -
E RS AE

L = 1000cm

°
IEE IR A —

L = 300cm B A

ol =]

® .|”| JJJ

QZ%D‘CmE
W =70cm

= — R EE
L = 120cm ERMEAE | - 1500m
PAB EE#(Grinder) P EI E4 2 £ BE B (Metal Turnings) L = 150cm

[10]11]12]13] 14]

R S RS E T IR

Capture
Condition of Contaminant Dispersion Examples Velocity,
m/s
Released with essentially no velocity into stillair ~ |Evaporation from tanks, degreasing, plating 0.25 to0 0.5
Released with low velocity into moderately still air |Container filling, low-speed conveyor transfers, welding 0.5t0 1.0
Active generation into zone of rapid air motion L il Sl JoReig of ey e ennliig. s 1.0to25
shakeout
Released at high velocity int f id sRTEa, ot %
\eel::fty e e o Gnndmz:abmsne blasting, tumbling, hot shakeout 25 h 10 ‘
e Sanns®

MLz s P BaRE B4

MO=RE AERE w | 07 m
(Opening Hood) gy e L 1.2 m  {W/L=058
ﬂg REtEE v 10 m/s (RE/NRTRMBEEE Vcap
2 = =
AERROBEDOESIMRERZ EEHIER iz 0.2 m_(RRTFEHE - HRAREORE S OESREREE 7R
v &0 ARER A | o84 [ m
AFEAR Pe 3.8 m
AR oy RABRROBERE V, | 136z
W/Lz 0.2 ERSE Srs e =E >
RERTE Qs %, 476 | CMS Jv
Lo s FEmg RIS
g] E‘ 7| Ead 7] E_ F Tt P %
Nature of Contaminant Examples Min. Transp ort Velocity, m/s
Vapor, gases, smoke All vapors, gases, smoke Usualy5to 10
Fumes Welding 10to13
Very fine light dust Cotton lint. wood flour, litho powder 13 to 15
Dry dusts and powders Fine rubber dust, molding powder dust, jute lint, cotton dust, shavings (light), soap dust, leather shavings 15020
Grinding dust, buffing lint (dry), wool jute dust (shaker waste), coffee beans, shoe dust, granite dust, silica
Average industrial dust flour, general material handling, brick cutting, clay dust, foundry (general), limestone dust, asbestos dust in 181020
textile industries s, Y]
- Sawdust (heavy and we®, metal nmngs:fomdﬂ tumbling barrels and shakeout, sandblast dust, wood
Heavy dust blocks, hog waste, btas}nﬂu gast-fron boring dust, lead dust ’Qo 23 '
Heavy and moist dust Lead d\s}v& lth small c}?lps,vmas( cement dust, asbestos chunks from transite pipe cutingmachines, 23 andup
buffing lint (sticky), quicklime dust

BLT B APmEERET B %
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RERR AERARR Lraryn. ¥y = wERE
oy TRE Je 1=E® BEDs .,’ BEEE HEEE HEBE ., BEs E=E
m/s CMH 2752 mm mm mm - m/s
1 230 17,143 1 B . 500 [ — P10 243
2 230 17,143 2 e eas 450 4504%° 10 251
- > '_T 2, P = > 5 4L
E]—L,‘ ‘%JFK —'—:g} 8 ‘:»u.L)k’g ’{—j»; _,E-r,,t";%
: » Initial Pressure Dro Final Pressure Dro
HEPA Filter Class * Efficiency on 0.3 um P P
(Pa) (Pa)
H13 99.95% 250 200,
H14 99.995% 300 s 600 +
* European Standard EN 1882 i
B+ =~ »ck 99.995% HEPA 2 B4
Properties of air at 1 atm pressure
Specific Thermal Thermal Dynamic Kinematic Prandtl
Temp. Density Heat ¢, Conductivity Diffusivity Viscosity Viscosity Number
TG p, kg/m3 J/kg-K k, W/m-K a, m?/s w, kg/m-s v, m?/s Pr
—150 2.866 983 0.01171 4.158 x 10-© 8.636 x 10-© 3.013 x 10-® 0.7246
—100 2.038 966 0.01582 8.036 x 10-© 1.189 x 10-6 5.837 x 106 0.7263
-50 1.582 999 0.01979 125251052 1.474 x 1075 9.319 x 10°° 0.7440
-40 1.514 1002 0.02057 1.356 x 1075 1.5627 x 1075 1.008 x 10°° 0.7436
=30 1.451 1004 0.02134 1.465 x 105 1.579 X 10-5 1.087 x 10-3 0.7425
-20 1.394 1005 0.02211 1.578 x 105 1.630 x 105 1.169 X 10-5 0.7408
=10, 1.341 1006 0.02288 1.696 x 105 1.680 x 10-5 1525201025 0.7387
0 1.292 1006 0.02364 1.818 x 1075 1.729 x 1075 1.338 X 10°° 0.7362
5 1.269 1006 0.02401 1.880 x 1073 1.754 x 10~° 1.382 x 1073 0.7350
10 1.246 1006 0.02439 1.944 x 105 1.778 x 105 1.426 x 103 0.7336
15 12225 1007 0.02476 2.009 x 10-° 1.802 x 10-° 1.470 x 105 0.7323
20 1.204 1007 0.02514 2.074 x 105 1.825 x 10-5 1.516 x 10-5 0.7309
25 L1860, 1007 0.02551 24041055 1.849 x 10~° __1.5.62.&.10'.5 0.7296
30 : 1007 0.02588 2.208 X 10°° 1.872 X 1075 *271.608 X 10-32¢ 0.7282
35 . 1007 0.02625 2007 TE 058 1.895 x 10-5 il X 10-5 0.7268
40 1.127 1007 0.02662 2.346 x 10~° 1.918 x 10-5 1.702 x 10-° 0.7255
45 1.109 1007 0.02699 2.416 x 10~° 1.941 x 10-5 1.750 x 10-3 0.7241
50 1.092 1007 0.02735 2.487 x 107° 1.963 x 10~° 1.798 x 10°° 0.7228
60 1.059 1007 0.02808 21632811055 2.008 x 1075 1.896 x 107° 0.7202
70 1.028 1007 0.02881 2.780 x 10-° 2.052 x 10-° 1.995 x 10-3 0.7177
80 0.9994 1008 0.02953 2.931 x 10-° 2.096 x 10-° 2.097 x 10~° 0.7154
90 0.9718 1008 0.03024 3.086 x 10~° 2.139 x 10-5 2.201 x 10-° 0.7132
100 0.9458 1009 0.03095 3.243 X 10°° 2.181 x 107° 2.306 x 10°° 0.7111
120 0.8977 1011 0.03235 3.565 x 107° 2.264 x 1075 2.522 x 1075 0.7073
140 0.8542 1013 0.03374 3.898 x 10~° 2.345 x 10-° 2.745 x 10-° 0.7041

Bt~ 3‘;?‘}7 30°C ﬁ&%%};’#’i%ﬁ
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TAPERED HOODS
Flanged or unflanged; conical, square or
rectangular. o is the major angle on
rectangular hoods.

o

Face area (Ay) at least 2
times the duct area.

F}, Entry Loss Coefficient

o |Conical Rectangular
90| 0.93 <. 0.93-
80| 0.11 0.19
70| 0.06 0.13
60| 0.08 0.16
50| 0.12 0.21
45| 0.15 0.25
40| 0.18 0.28
30| 0.25 0.35
20| 0.34 0.43
10| 0.44 0.52
01 0.56 0.64

B4~ &1 2§ g A T

Note: 0° values represent
round ducts butted into back
of booth or hood without a
rectangular to round
transition.

ED4-2 Transition, Round to Rectangular, Exhaust/Return Systems

C, Values

]
A,l4y 0 3 S 10 15 20 30 45 60 9 120 150 180

0.063 00 0.17 0.19 0.30 0.46 0.53 0.64 0.77 088 095 095 094 0.93
0.10 0.0 0.17 0.19 030 0.45 0.53 0.64 0.75 084 089 0.89 0.89 088
0.167 00 0.18 0.19 0.30 0.44 053 0.63 0.72 078 0.79 079 0.79 0.79
025 0.0 0.6 0.18 025 036 045 0.52 0.58 062 064 064 064 0.64
0.50 0.0 0.14 0.14 0.15 0.22 0.25 030 033 033 033 032 031 030
1.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00

2.00 00 030 027 0.26 0.28 0.25 0.19 0.23 027 0.52 0.75 091 0.5
400 00 160 1.14 0.84 0.85 086 0.76 090 109 278 430 565 6.55
600 00 380 3.04 1.84 1.77 178 1.73 2.18 267 6.67 10.07 13.09 15.18
1000 00 11.80 9.31 540 5.18 5.15 5.05 6.44 794 19.06 28.55 36.75 42.75

Blo L~ 5832 4 2 ABT 2 Al
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CR3-15 Elbow, Mitered, 90 Degree, Double-Thickness
Vanes (60 mm Vane Spacing)

sunag Q s
#26,=025 "% = 1=

Tamgpan® Ao

W x H

r=50mm
s =60 mm

Bl - -~

57~ 15208 B4 ik

ER4-1 Transition, Rectangular, Two Sides Parallel,
Symmetrical, Exhaust/Return Systems

C, Values [~ _"
[ |

Aj4, 0 3 S 10 15 20 30 45 60 90 120 150 180

0.063 0.0 044 027 025 027 036 0.56 0.71 0.86 099 099 098 098 ° 0
0.10 0.0 041 027 023 025 034 053 0.69 0.83 094 094 092 091 .

0.167 0.0 034 028 021 023 030 048 0.65 0.76 083 083 0.82 080
025 0.0 026 029 QL7 0.19 025 042 0.60 068 0.70 0.70 0.68 0.66 ot W,

050 0.0 0.16 0.24 "0.14.‘.0.I3 0.15 024 035 037 038 037 036 035 L -

1.00__0.0_0.00 0.00'%_0.00,%.00 0.00 0.00 0.00 0.00__0.00_ 000 0.00 000 _ “"<*>'
200 00 030 038 023 0.17 0.17 0.17 023 029 049 0.66 081 088
400 00 1.66 125 077 0.70 070 0.70 090 1.09 284 436 569 657
600 0.0 405314 176 158 1.58 1.58 2.12 266 671 10.11 13.13 15.20
1000 0.0 1201 939 533 500 500 500 645 7.93 19.10 28.60 36.79 42.79

Bl= =~ &gk 11 2 8 % B4 ik
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SR7-11 Fan Outlet, Centrifugal, DWDI, with Elbow (Position C)

C, Values ‘b
I, =
AylA, 0.00 0.12 0.25 0.50 1.0 10.0
04 5.50 4.50 3.20 1.60 0.0 0.0
0.5 3.80 3.20 2.20 1.00 0.0 0.0
0.6 2.90 2.50 1.60 0.80 0.0 0.0
0.7 2.00 1.60 1.00 0.53 0.0 0.0
0.8 1.40 1.20 0.80 033 0.0 0.0
09 1.20 0.80 0.67 0.26 0.0 0.0
1.0 1.00 0.80 0.53 0.26 0.0 0.0
V,JA
Vo>13mis: L, = "—'j_"
4500
A
V,sB3mis: L, = “/_‘:
° B le™ a5
where:
¥V, = duct velocity, m/s

e
o

L, = effective duct length, m
= duct area, mm

Bl-tw ~ 58122

=
S
I

2N

AR A

BUAST AREA, A,
OUTLET AREA, A,

HxWw

CUTOFF

#e

|
SR1-1 Conical Bellmouth/Sudden Contraction, Plenum to Rectangular,
Supply Air Systems
[¢]
LD, 0 10 20 30 40 60 100 140 180
0.000 0.50 0.50 0.50 0.50 050 050 050 050 0.50 J __IL
0.025 0.50 0.47 0.45 043 0.41 040 042 045 050
0.050 0.50 0.45 0.41 0.36 0.33 030 035 042 050 |
0.075 0.50 0.42 035 0.30 026 023 030 040 050
0.100 0.50 0.39 0.32 0.25 0.22 018 027 038 050
0.150 9,59. 0.37 0.27 0.20 016 015 025 037 050 FROM W,
0.6008° 0.50"_0.27 0.18 0.13 0.11 012 023 036 050 N
|
0. —2 Moo
h (Ho + Wo)
© IS LARGER OF ©, AND ©,
- 1 - A% N 52t ,_ 2 ’/4‘
Blo 43 &8 13 2 4 i Bgap 4 ik
SR2-1 Abrupt Exit
Laminar Flow
HIW 0.1 0.2 09 0999 1.0 1001 11 4.0 5.0 100 HxW Q FREE
C, 155 155 155 I.SS_‘_?.QOI_I..SSS 155 155 155 155 2 * A, DISCHARGE
+* Turbulent How"‘
N
Y — v
"'-(:"._-I.'O--"‘
- 1L A% il N E A R ,_ 2 ’/4,‘
Bl= -~ &8 172§ 2B Gk
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1.164

0.00001608

FBEEREE €

BB E

_ (mm)
EEEEE 0.09~0.15
N T 0.03
PVCE 0.01~0.05
e 0.0015
BEE 0.0015
olEEE 2~4
[ ERBELZ GE [ 10% |

AR HEBE | BR BEFRE RERE | KE8
CMH mm m - pc m/s Pa
17,143 0.050 1 500 093 E 24.3 318.68
17,143 4.000 1 500 2.0 24.3 48.26
17,143 0.150 1 500 0.00 1 243 0.00
17,143 0.150 2 450 450 10.0 25.1 117.96
17,143 0.150 2 450 450 0.25 i 251 9143
17,143 0.150 2 450 450 3.0 251 35:39
17,143 0.150 2 450 450 0.25 1 251 9143
17,143 0.150 2 450 450 LS i 25.1 548.58
17,143 = 2 il = 600.00
17,143 0.150 2 450 450 1.5 25.1 17.69
17,143 0.150 2 450 450 0.07 il 251 25.60
17,143 0.015 2 450 450 0.0 i 25.1 0.00
17,143 0.030 2 500 500 0.50 1 20.3 119.98
17,143 0.030 2 450 450 15 251 14.72
17,143 0.030 2 450 450 0.25 1 251 9143
17,143 0.030 2 450 450 10.0 251 98.13
17,143 0.030 2 450 450 1.00 1 25.1 CLEICN
2850
Tapn®
o 5oL
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Sl

Fan Type

DIDW Backward Curved

Unit

BDB400/XM (CLIII)

Absorbed Power in kW

L |

Operating Cohtitbhd" " * * | "Bueteds s, , zg |

Air Volume 17143 m3Mh " * 16 /,«7

Static Pressure 2850 Pa e

VElOCitrRIESSUIE, 4 4 4 4o 4205 P2 """ —=

Total Pressure 3055 Pa 5

Outlet Velocity 18.60 m/s 0

Fan Total Efficiency 76.1 % 4000 Static Pressure in Pa

Fan Static Efficiency M"M1% | | T [ ]

Fan Speed 3726 rpm 3000 _\

Air Temperature 30.0 }K

Altitude om 2000

Fan Absorbed Power 19.08 kKW

Recommended Motor D200L (30.00 kW ) 1000 A

Motor Speed - / N
Service Factor 15 % AN
Plenum Size = S : 3

T - 100 Total Efficiency %

Rec. Airflow Variation - 80

Fan Pulley / Bush / Shaft | - 60 = [ =

Motor Pulley / Bush / Shaft| - 40

Belt Length - 20

Number of Belts / - 0

Static Belt Tension/Belt - 0 10k 20k 30K
Det Difler log - Air Volume in m3/h

Belt Speed (<40m/s) -

Bearing Life (L10/L50) | - Hz 63 125 250 500 1k 2k 4k 8k Overall
Starting Torque - Lwi(Lin)93 96 97 97 101 96 92 85 105 dB
Operating Limits Lwi(A) 67 80 89 94 101 97 93 84 104 dB(A
Max. Absorbed Power 28.00 kW Lpi(A) 60 73 82 87 93 90 86 77 96 dB(A
Max. Fan Speed 4100 rpm * Sound data is for the inlet side

Temperature (Min-Max)

-20° to +100°C

* Sound Pressure Level 1m, Room Conditions

; =
| l 4
I 1
815N
1 &N
+ 1 | -
I
10 ) 11 +
1 | -
A B Cc D E F G H J K L M R t t w z Od | UxS
736 | 650 | 432 | 506 | 506 | 402 | 290 | 612 | 546 | 586 | 876 | 145 5 12 |8 70 (43 [40 | 13x1
— > /= L /? N 4L
Bl - N~ BdnE g Az B F b BE* B5[15)
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erz |z ]orz |67 ] 87 [ 23997

wd =
wo0sT =1 S

ws00Z =1
BETHHH
H Y.l 8B 06

EHEEEY D e

rii

wy=H
wg = M
wg =1
LYME

wo00€ =1
SBZEHH

xoomﬂ

SEHEILH

BB wos =1
S8 ZY 4T

wo08 = H
wd08 = M
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ZEERT

(R/NE)

BEDR
5
1RER
2R H
2

*
vty

RE
BEE

mm

- m/s

20

300 «

955

22

300,°

8.9

L4 *
ALETTT LA

SR

- »Jﬁ‘

ER4-1 Transition, Rectangular, Two Sides Parallel,

Symmetrical, Exhaust/Return Systems

C, Values

]

5 10 15 20 30

45 60 9

120

150

180

044
0.41
034
0.26
0.16
0.00
0.30
1.66
4.05

0.27
0.27
0.28
0.29
0.24

025
0.23
0.21
0.17
0.14
0.00
0.25
0.77
1.76

0.27
0.25
023
0.19
0.13
0.00
0.17
0.70
1.58

0.36
0.34
0.30
0.25
0.15
0.00

0.56
0.53
0.48
042
024
0.00 0.00
0.17 0.17 023
0.70 4%, 0.90
1.580°1.58 %.12

0.71
0.69
0.65
0.60
0.35

0.38
1.25
3.14

0.86
0.83
0.76
0.68
037
0.00
029
1.09
2.66

0.99
0.94
0.83
0.70
0.38
0.00
0.49
284
6.71

0.99
0.94
0.83
0.70
037
0.00
0.66
436
10.11

0.98
0.92
0.82
0.68
0.36
0.00
0.81
5.69
13.13

0.98
091
0.80
0.66

HoxwW

035
0.00
0.88
6.57
15.20

Ag/A < o > 1

12.01 9.39 533 5.00 5.00°,5.00 B.45 7.93 19.10 28.60 36.79

42.79

Blz-+- ~&8.822 %

R A il

ER4-1 Transition, Rectangular, Two Sides Parallel,
Symmetrical, Exhaust/Return Systems

C, Values

6

5 10 15 20 30 45 60 90 120 150

180

044
0.41
034
0.26
0.16

0.27
0.27

025
023
0.21
0.17
0.14
0.00

027
0.25
023
0.19
0.13
0.00

0.36
034
0.30
025
0.15
0.00

0.56
0.53
0.48
042
024
0.00

0.71 0.86 0.99
0.69 0.83 094
0.65 0.76 083
0.60 0.68 0.70
0.35 037 038
0.00 0.00 _0.00

0.99
0.94
0.83
0.70
037
0.00

0.98
0.92
0.82
0.68
0.36
0.00

0.29
0.24

0.98
091
0.80
0.66

HoxW

o "o

035
0.00

Mg/ < o > 8

0.30
1.66
4.05
12.01

0.38
1.25

0.25
0.77
1.76
533

0.17
0.70
1.58
5.00

0.17
0.70
1.58
5.00

0.17
0.70
1.58
5.00

0.23 029 049
090 1.09 284
2.12 266 6.71
6.45 793

0.66
436
10.11

0.81
5.69
4y 13.13
9.39

0.88
6.57
15.20

19.10 28.60 36.79 42.79

F

Bl=-1= 58842
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SR7-11 Fan Outlet, Centrifugal, DWDI, with Elbow (Pesition C)

C, Values
LIL,
AylA, 0.00 0.12 0.25 0.50 1.0 10.0
04 5.50 4.50 3.20 1.60 0.0 0.0
0.5 3.80 3.20 220 1.00 0.0 0.0
0.6 2.90 2.50 1.60 0.80 0.0 0.0
0.7 2.00 1.60 1.00 0.53 0.0 0.0
0.8 1.40 1.20 0.80 0.33 0.0 0.0
0.9 1.20 0.80 0.67 0.26 0.0 0.0
1.0 1.00 0.80 0.53 0.26 0.0 0.0
v, JA4
Vo>13mis: L, = "—'j_"
4500
A
V,<13m/s: L, = E
° == a5y
where:

¥V, = duct velocity, m/s
L, = effective duct length, m
A, = duct area, mm’

BUAST AREA, A,
lr OUTLET AREA, A,

CUTOFF

Bz Lw o~ &S5 4 2 AREITA Gk

SR1-1 Conical Bellmouth/Sudden Contraction, Plenum to Rectangular,
Supply Air Systems

C, Values FOM
FAN
]
LIDy 0 10 20 30 40 60 100 140 180
0.000 050 0.50 0.50 0.50 050 050 050 050 0.50
0.025 050 047 045 0.43 0.41 040 042 045 050
0.050 050 045 0.41 0.36 033 030 035 042 050 |
0.075 050 042 035 0.30 026 023 030 040 050
0.100 050 039 032 0.25 022 018 027 038 050
0.150 050 037 0.27 0.20 0.16 015 025 037 050 FROM
0.600s* 0.50%0.27 0.18 0.13 0.11 0.12 023 036 050 FAN

Taal®

x

O, -

2 MWy

(Ho + W)

© IS LARGER OF ©, AND ©,

Bl= 7 -~ &8-S62 ¢ B4 ik

CR3-15 Elbow, Mitered, 90 Degree, Double-Thickness
Vanes (60 mm Vane Spacing)

JETTTT e Q
% -C:I’-=-0-'2-s- »f A_.
(]

Wx H

/\/

)

Ji

4 ~ &g S8-~S10~E3~E5~E13 2
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SP, - SP;=.1,5 VP,
"Eh._ 1-.‘5-‘¢'
C=08

ER4-1 Transition, Rectangular, Two Sides Parallel,
Symmetrical, Exhaust/Return Systems

C, Values

2]
AJA, 0 3 5 10 15 20 30 45 60 90

120

150 180

0.063 0.0 044 027 025 027 036 0.56 0.71 086 099
0.10 00 041 027 023 025 034 053 0.69 083 094
0.167 0.0 034 028 021 023 030 048 0.65 0.76 083
025 00 026 029 0.17 0.19 0.2§ 042 0.60 068 0.70
050 00 016024 014 01320157024 035 037 038

0.99
0.94
0.83
0.70
037

0.98
0.92
0.82 0.80
0.68 0.66
036 035

0.98
091

1.00 0.0 0.00 0.00 0.00 0.00%0.00

+0.00 0.00 000 0.00 0.00 0.00 0.00

2.00
4.00
6.00
10.00

0.0
0.0
0.0
0.0

0.30 038 025 0.17 0.I7 0.17 0.23 029 049 066 0.81 088
1.66 1.25 0.77 0.70 0.70 0.70 090 1.09 284 436 5.69 6.57
4.05 3.14 176 158 1.58 1.58 2.12 2,66 6.71 10.11 13.13 15.20
12.01 939 533 500 500 500 6.45 7.93 19.10 28.60 36.79 42.79

g]_:‘_l‘,\\%fﬁg‘!:,Egé ?
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SR7-11 Fan Outlet, Centrifugal, DWDI, with Elbow (Pesition C)

C, Values ‘b
LIL, ~
AylA, 0.00 0.12 0.25 0.50 1.0 10.0
04 5.50 4.50 3.20 1.60 0.0 0.0
0.5 3.80 3.20 220 1.00 0.0 0.0
0.6 2.90 2.50 1.60 0.80 0.0 0.0
0.7 2.00 1.60 1.00 0.53 0.0 0.0
0.8 1.40 1.20 0.80 0.33 0.0 0.0
0.9 1.20 0.80 0.67 0.26 0.0 0.0
1.0 1.00 0.80 0.53 0.26 0.0 0.0
vV, JA
Vo>13mis: L, = "—'j_"
4500
A
V,<13mss: L, = ‘/_;
° == a5y
where:

¥V, = duct velocity, m/s
L, = effective duct length, m
A, = duct area, mm’

B =

BUAST AREA, A,
lr OUTLET AREA, A,

.

CUTOFF

L4 HEBEEIO 2 P BT A ik

|
SR1-1 Conical Bellmouth/Sudden Contraction, Plenum to Rectangular,
Supply Air Systems
C, Values i) w,
FAN
6
LID, 0 10 20 30 40 60 100 140 180
0.000 0.50 0.50 0.50 0.50 0.50 0.50 050 050 050 ! __I "
0.025 0.50 0.47 045 0.43 0.41 040 042 045 050
0.050 0.50 0.45 041 0.36 0.33 030 035 042 050 |
0.075 0.50 0.42 035 0.30 0.26 023 030 040 050
0.100 0.50 0.39 032 0.25 0.22 0.18 027 038 050
0.150 ‘0.59 0.37 0.27 0.20 0.16 0.15 025 037 050 FROM H,
0.600° 0.50% 027 0.18 0.13 0.11 012 023 036 050 FAN
e
I

0, —2 Moo
o+ Wo)
© IS LARGER OF ©, AND ©,

Bl -

G ELELL 20§ 2 B4 Gk

SR2-1 Abrupt Exit

Laminar Flow
0999 1.0 1.001 11
1.55 200 1.555 1.55
puEENy,

+* Turbulent FIow".

4.0
1.55

HIW 0.1
C, 1.55

o

0.2
1.55

0.9
1.55

5.0
1.55

10.0
1.55

Q FREE
DISCHARGE

v

* _

o, Co=10 _g*
*tayynnus®

Bl - - §8EI5S2 4 &

58

B4 il



Em | RHERE BE B
CMH mm mm mm mm m - pc m/s Pa
2,880 0.150 800 800 il 2.5 30.00
2,880 0.150 300 300 25 1 9.5 130.64
2,880 0.150 300 300 30 9.5 8.90
2,880 0.150 300 300 0.0 1 9.5 0.00
2,880 0.150 300 300 0.0 1 9.5 0.00
2,880 0.150 300 300 05 1 9.5 26.13
2,880 0.150 300 300 20 9.5 5.93
2,880 0.150 300 300 0.25 1 9.5 13.06
2,880 0.150 300 300 30 9.5 8.90
2,880 0.150 300 300 0.25 i 9.5 13.06
2,880 0.150 300 300 20 9.5 593
2,880 0.150 300 300 1 2.5 o 3008
B 290 2
TEE v
1 - N s 3 v ﬁ é —:‘,L 55 ‘;_:L_
Ble L= ~E25 e RERFF LSS
RESEs AR > B BE KA
CMH mm mm mm mm m m/s Pa
3,168 0.150 2 350 300 25 20.00
3,168 0.150 2 350 300 3.0 89 7.27
3,16 0.150 2 350 300 0.25 1 89 11.65
3,16 0.150 2 350 300 3.0 89 7.27
3,16¢ 0.150 2 350 300 0.25 1 89 1165
3,16 0.150 2 350 300 1.5 1 89 69.89
3,168 0.150 2 350 300 1 89 600.00
3,168 0.150 2 350 300 15 89 3.63
3,168 0.150 2 350 300 0.07 1 89 3.26
3,168 0.150 2 350 300 0.0 1 89 0.00
3,168 0.030 2 350 350 0.5 1 & 17.06
3,168 0.030 2 350 300 15 89 3.22
3,168 0.030 2 350 300 0.25 il 89 11.65
3,168 0.030 2 350 300 5.0 89 10.73
3,168 0.030 2 350 300 10 1 89 REEN
E 910 4
Tgu®
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Fan Type DIDW Backward Curved .
Unit BDB225/CM (CL) " Absorbed Power in kW
Opesatryf Coidifions | DUBfeti xa 08
Air Volume 2880m3h e e
« | Static Pressure 290 Pa o0* ’ | —6r—
VeldeHy PreSSIWE u u u e w n ol 55" 04—
Total Pressure 345 Pa 0.2
Outlet Velocity 9.65 m/s 0
Fan Total Efficiency 56.2 % 800 Static Pressure in Pa
Fan Static Efficiency 47.5 %
Fan Speed 2760 rpm 600t
Air Temperature 30.0
Altitude 0Om 400
Fan Absorbed Power 0.49 kW
Recommended Motor D80 (0.75 kW ) 200 >& !
Motor Speed - R
Service Factor 15 % 0 // %
B §|ze - Total Efficiency %
Outlet Size - 100
Rec. Airflow Variation - 80
Fan Pulley / Bush / Shaft - 60 — e
Motor Pulley / Bush / Shaft| - 40
Belt Length - 20
Number of Belts / f - 0
Static Belt Tension/Belt - 0 1000 2000 3000 400
Belt Deflection - . r
Belt Speed (<40m/s) - Air Volume in m3/h
Bearing Life (L10/L50) | - Hz 63 125 250 500 1k 2k 4k 8k Overall
Starting Torque - Lwi(Lin)86 78 77 79 77 75 69 61 88 dB
Operating Limits Lwi(A) 61 63 69 76 77 76 70 60 82 dB(A
Max. Absorbed Power 2.20 kW Lpi(A) 564 56 62 69 69 69 63 53 75 dB(A
Max. Fan Speed 4500 rpm * Sound data is for the inlet side

Temperature (Min-Max)

-20° to +85°C

* Sound Pressure Level 1m, Room Conditions
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Far.1 Type DIDW Backward Curved T ——
Unit BDB280/CM (CLI) 25
Qpereting Tohditions” - © 1" Dtitteds ., i
Air Volume 3168 m3h e, '
Static Pressure 910 Pa K i f—
VEIBEity PEaSSUIG u amuasqsdbPE """ 1.0
Total Pressure 937 Pa 05
Outlet Velocity 6.79 m/s 0
Fan Total Efficiency 69.9 % 1000 Static Pressure in Pa
Fan Static Efficiency 67.9% mpEm RS i
Fan Speed 2714 rpm 800
Air Temperature 30.0
Altitude Oom 600
Fan Absorbed Power 1.18 kW 400
Recommended Motor D90L (2.20 kKW ) N
Motor Speed - 200 —
Service Factor 15 % j
Plenum Size - 0 ’
- Total Efficiency %
Outlet Size - 100
Rec. Airflow Variation - 80
Fan Pulley / Bush / Shaft | - 60 O
Motor Pulley / Bush / Shaft | - 40
Belt Length - 20
Number of Belts / - 0
Static Belt Tension/Belt - 0 2000 4000 6000 800
Beit Deflouion - Air Volume in m3/h
Belt Speed (<40m/s) -
Bearing Life (L10/L50) | - Hz 63 125 250 500 1k 2k 4k 8k Overall
Starting Torque - Lwi(Lin)74 83 78 80 76 74 70 65 87 dB
Operating Limits Lwi(A) 49 67 69 77 76 75 71 64 82 dB(A
Max. Absorbed Power 3.00 kW Lpi(A) 42 60 62 70 68 68 64 57 75 dB(A
Max. Fan Speed 3500 rpm * Sound data is for the inlet side
Temperature (Min-Max) -20° to +85°C * Sound Pressure Level 1m, Room Conditions
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it 8, 1 (0.04mx0.04m)

AR #EJ8, 2 (0.04mx0.04m)
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