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ABSTRACT

The objectives of this study are simulation and analysis of airflows and Stairwell
Pressurization in an office building using a multi-zone airflow network model by using CONTAM
program, which is a multi-zone airflow network model in order to study the airflow for assessing the
sufficient air exchange rate and the difference in air pressureaccording to Ministerial Regulation No.
33 and 39 issued under the Building Control Act B.E. 2522. This study used a nine-story office
building located in Bangkok which the researcher had divided into 2 issues. The first issue study
about the airflow in an Office Building Using a Multi-zone and classified according to the use
pattern into two samples, including floor 2-6 and floor 7-9. The simulation results showed the
ventilation system in the floor 2-6 with 12 rooms, consists of 11 office rooms and one meeting
room. The analysis found that there is one room not pass the standard that is office number 3 with
the air exchange rate of 1.59 ms/h/m2, which is below the standard of 2 m’/h/m’. In this case, the
ventilation rate has modified from 679.61 m’/h to 1,019.41 m’/h, consequently the air exchange rate to
2.37 m’/l/m’. The simulated results showed ventilation system in the floor 7-9 with seven rooms,
consists of six offices and one meeting room. The analysis found that there is one room not pass the
standard that is the meeting room with the air exchange rate of 5.52 m’/h/m’, Improving ASHRAE
Standard 62.1. The ventilation rate and air intake rate has modified to 1,274.06 m’/h and 305.82
m'/h to 1,444.16 m’/h, respectively, which affected the air exchange rate to 6.37 m’/h/m’.
Futhermore, second study is about simulation of airflow that made the diferrent in the Stairwell
Pressurization system in case of fire in the building by classified it into 2 shafts by leaving the
stairwell doors opened on the first floor according to the fire evacuation plan to prepare to move

people from the building. The simulation results of stairwell doors pressure drop in the floor 1 - 9



showed that while pressurization system was operating, some AP had different value depends on
the hight of building and also found that air pressure on the first floor is at minimum value. Stairwell
shafts no.1 had the air pressure rate of 51.72 Pa while Stairwell shafts no.2 had 51.74 Pa and
maximum value of air pressure. However, Stairwell shafts no.1 had the air pressure rate of 80.88. Pa
in the floor 3 — 9 which the pressure slightly decrease according to the hight, AP from floor 1 — 9
has the air pressure rate of 51.72 through 80.88 Pa between APmin and APmax which was 25 to 90

Pa as the suggested value.
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People Outdoor Area Outdoor Default Values

Air Rate Rp Air Rate Ra Occupant Density

cfm/ L/s: #1000 ft Air (O8]
Occupancy Category person | person ofmitt? | Ls-m? | or #1200 m? Class [(6.2.6.1.4)
Animal Facilities
Animal exam room (veterinary office) 10 5 0.12 0.6 20 2
Animal imaging (MRI/CT/PET) 10 5 0.18 0.9 20 3
Animal operating rooms 10 5 0.18 0.9 20 3
Animal postoperative recovery room 10 5 0.18 0.9 20 3
Animal preparation rooms 10 5 0.18 0.9 20 3
Animal procedure room 10 5 0.18 0.9 20 3
Animal surgery scrub 10 5 0.18 0.9 20 3
Large-animal holding room 10 5 0.18 0.9 20 3
Necropsy 10 5 0.18 0.9 20 3
Small-animal-cage room (static cages) 10 5 0.18 0.9 20 3
Small-animal-cage room (ventilated cages) 10 5 0.18 0.9 20 3
Correctional Facilities
Booking/waiting 75 3.8 0.06 0.3 50 2
Cell 5 25 0.12 0.6 25 2
Dayroom 5 25 0.06 0.3 30 1
Guard stations 5 25 0.06 0.3 15 1
Educational Facilities
Art classroom 10 5 0.18 0.9 20 2
Classrooms (ages 5 to 8) 10 5 0.12 0.6 25 1
Classrooms (age 9 plus) 10 5 0.12 0.6 35 1
Computer lab 10 5 0.12 0.6 25 1
Daycare sickroom 10 5 0.18 0.9 25 3
Daycare (through age 4) 10 5 0.18 0.9 25 2
Lecture classroom 75 3.8 0.06 0.3 65 1
Lecture hall (fixed seats) 75 3.8 0.06 0.3 150 1 v
Libraries 5 25 0.12 0.6 10
Media center 10 5 0.12 0.6 25 1
Multiuse assembly 7.5 3.8 0.06 0.3 100 1
Music/theater/dance 10 5 0.06 0.3 35 1
Science laboratories 10 5 0.18 0.9 25 2
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Default Values

People Outdoor |Area Outdoor

Air Rate Rp Air Rate Ra Occupant Density

cfm/ |L/s: /1000 ft2 Air - [0S
Occupancy Category erson _|person cfm/ft? [Lis-m®  for #/100 m? Class |(6.2.6.1.4)
Educational Facilities (continued)
University/college laboratories 10 5 0.18 .9 25 P
Wood/metal shop 10 5 0.18 .9 20 P
Food and Beverage Service
Bars, cocktail lounges 7.5 3.8 0.18 .9 100 P
Cafeteria/fast-food dining 7.5 3.8 0.18 .9 100 P
Kitchen (cooking) 7.5 3.8 0.12 .6 20 P
Restaurant dining rooms 7.5 3.8 0.18 .9 70 P
Food and Beverage Service, General
Break rooms 5 .5 0.06 p.3 D5 il 4
Coffee stations 5 D5 0.06 .3 PO il 4
Conference/meeting 3) P.5 0.06 .3 50 il 4
Corridors — - 0.06 .3 - il 4
Occupiable storage rooms for liquids or|
gels 3 P.5 0.12 .6 P P
Hotels, Motels, Resorts, Dormitories
Barracks sleeping areas 3 P.5 0.06 .3 20 i
Bedroom/living room 5 .5 0.06 p.3 10 il 4
Laundry rooms, central 3 P.5 0.12 .6 10 P
Laundry rooms within dwelling units b P.5 0.12 .6 10 i
Lobbies/prefunction 7.5 3.8 0.06 0.3 30 il 4
Multipurpose assembly 3 P.5 0.06 .3 120 i 4
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Default Values

People Outdoor Area Outdoor

Air Rate Rp Air Rate Ra Occupant Density

cfm/ L/s: #1000 ft© Air |0S
Occupancy Category person | person ofm/ft? | Lis:m? |or #/100 m? Class [(6.2.6.1.4)
Miscellaneous Spaces (continued)
Sorting, packing, light assembly 7.5 3.8 0.12 0.6 7 2
Telephone closets — — 0.00 0.0 — 1
Transportation waiting 7.5 3.8 0.06 0.3 100 1 v
Warehouses 10 5 0.06 0.3 — 2
Office Buildings
Breakrooms 25 0.12 0.6 50 1
Main entry lobbies 5 25 0.06 0.3 10 4
Occupiable storage rooms for dry materials 5 2.5 0.06 0.3 2 1
Office space 5 25 0.06 0.3 5 1 v
Reception areas 5 25 0.06 0.3 30 1 v
Telephone/data entry 5 25 0.06 0.3 60 1 v
Outpatient Health Care Facilities ab
Birthing room 10 5 0.18 0.9 15 2
Class 1 imaging rooms 5 2.5 0.12 0.6 5 1
Dental operatory 10 5 0.18 0.9 20 1
General examination room 7.5 3.8 0.12 0.6 20 1
Other dental treatment areas 5 25 0.06 0.3 5 1
Physical therapy exercise area 20 10 0.18 0.9 7 2
Physical therapy individual room 10 5 0.06 0.3 20 1
Physical therapeutic pool area — — 0.48 2.4 — 2
Prosthetics and orthotics room 10 5 0.18 0.9 20 1
Psychiatric consultation room 5 25 0.06 0.3 20 1
Psychiatric examination room 5 25 0.06 0.3 20 1
Psychiatric group room 5 25 0.06 0.3 50 1
Psychiatric seclusion room 10 5 0.06 0.3 5 1
Speech therapy room 5 2 5 0.06 0.3 20 1
Urgent care examination room 75 3.8 0.12 0.6 20 1
Urgent care observation room 5 25 0.06 0.3 20 1
Urgent care treatment room 7.5 3.8 0.18 0.9 20 1
Urgent care triage room 10 5 0.18 0.9 20 1
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Default Values

People Outdoor Area Outdoor
Air Rate Rp Air Rate Ra Occupant Density
cfm/ L/s: #1000 ft© Air |0S
Occupancy Category person | person cim/ft® | Lism? | or #/100 m? Class_|(6.2.6.1.4)
Public Assembly Spaces
Auditorium seating area 5 2.5 0.06 0.3 150 1 v
Courtrooms 5 2.5 0.06 0.3 70 1
Legislative chambers 5 25 0.06 0.3 50 1 v
Libraries 5 2.5 0.12 0.6 10 1
Lobbies 5 2.5 0.06 0.3 150 1 4
Museums (children’s) 75 3.8 0.12 0.6 40 1
Museums/galleries 75 3.8 0.06 0.3 40 1 v
Places of religious worship 5 25 0.06 0.3 120 1 v
Retail
Sales (except as below) 7.5 3.8 0.12 0.6 15 2
Barbershop 75 3.8 0.06 0.3 25 2 v
Beauty and nail salons 20 10 0.12 0.6 25 2
Coin-operated laundries 75 3.8 0.12 0.6 20 2
Mall common areas 7.5 3.8 0.06 0.3 40 1 v
Pet shops (animal areas) 7.5 3.8 0.18 0.9 10 2
Supermarket 75 3.8 0.06 0.3 8 1 4
Sports and Entertainment
Bowling alley (seating) 10 5 0.12 0.6 40 1
Disco/dance floors 20 10 0.06 0.3 100 v
Gambling casinos 7.5 3.8 0.18 0.9 120 1
Game arcades 7.5 3.8 0.18 0.9 20 1
Gym, sports arena (play area) 20 10 0.18 0.9 7 2
Health club/aerobics room 20 10 0.06 0.3 40 2
Health club/weight rooms 20 10 0.06 0.3 10 2
Spectator areas 75 3.8 0.06 0.3 150 1 4
Stages, studios 10 5] 0.06 0.3 70 1
Swimming (pool and deck) — — 0.48 2.4 — 2
Transient Residential
Common corridors — — 0.06 0.3 1 v
Dwelling unit 5 25 0.06 0.3 F 1 v

$1499910 ASHRAE Standard 62.1-2019



24

Breathing Zone 111804 U3 na lukesfidoansmsszuige1nia Tagsinannuga

a A A

9 9
PNLLA 75 UAaLNAT %uﬁq 1,800 yaatuaAg LLﬁZﬁN*ﬂWﬂﬁ'l!LW\inﬂﬁ'lu 600 HAAWAT LNDUIF N

9 o 1 a d‘dﬂl 1 v A m Y o A = 9 [ A
pimameuendesgniimneluusnuniidegoidoasa lilauie l)dgen il degerds vie

v 2 v
prnanNeluszaungeanniunmnuiue
wo'ldlSuiar Vbz 91naunsn (1) uda deviin ldmidSuaermeaieuen

ﬁ@m]”rgj Ty (Zone Outdoor Airflow, Voz) 30TUNIT

Voz = Vbz /Ez ... (2

~ I 1 a A . . . .
Taeh Ez1fluadse@ansnalunisnsza1e91n1852018 (Zone Air Distribution
Effectiveness) Y110 Tyu 1ais2003n 3201801 AT 01816139313 short circuit 351 1901NA
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M519N 2.7 AMszansnaved lyumInszaeay

Air Distribution Configuration Ez
Well-Mixed Air Distribution Systems

Ceiling supply of cool air 1.0
Ceiling supply of warm air and floor return 1.0
Ceiling supply of warm air 15°F (8°C) or more above space temperature and ceiling return 0.8

Ceiling supply of warm air less than 15°F (8°C) above average space temperature where the supply air-jet velocity is less than {0.8
150 fpm (0.8 m/s) within 4.5 ft (1.4 m) of the floor and ceiling return

Ceiling supply of warm air less than 15°F (8°C) above average space temperature where the supply air-jet velocity is 1.0
equal to or greater than 150 fpm (0.8 m/s) within 4.5 ft (1.4 m) of the floor and ceiling return

Floor supply of warm air and floor return 1.0
Floor supply of warm air and ceiling return 0.7
Makeup supply outlet located more than half the length of the space from the exhaust, return, or both 0.8
Makeup supply outlet located less than half the length of the space from the exhaust, return, or both 0.5

Stratified Air Distribution Systems (Section 6.2.1.2.1)

Floor supply of cool air where the vertical throw is greater than or equal to 60 fpm (0.25 m/s) at a height of 4.5 ft (1.4 m) 1.05
above the floor and ceiling return at a height less than or equal to 18 ft (5.5 m) above the floor

Floor supply of cool air where the vertical throw is less than or equal to 60 fpm (0.25 m/s) at a height of 4.5 ft (1.4 m) 1.2
above the floor and ceiling return at a height less than or equal to 18 ft (5.5 m) above the floor

Floor supply of cool air where the vertical throw is less than or equal to 60 fpm (0.25 m/s) at a height of 4.5 ft (1.4 m) 15
above the floor and ceiling return at a height greater than 18 ft (5.5 m) above the floor

Personalized Ventilation Systems (Section 6.2.1.2.2)

Personalized air at a height of 4.5 ft (1.4 m) above the floor combined with ceiling supply of cool air and ceiling return 1.40
Personalized air at a height of 4.5 ft (1.4 m) above the floor combined with ceiling supply of warm air and ceiling return 1.40
Personalized air at a height of 4.5 ft (1.4 m) above the floor combined with a stratified air distribution system with 1.20

nonaspirating floor supply devices and ceiling return

Personalized air at a height of 4.5 ft (1.4 m) above the floor combined with a stratified air distribution system with 1.50
aspirating floor supply devices and ceiling return

$1999910 ASHRAE Standard 62.1-2019
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4
lunsal Single-zone System HINTEUUILVIOINIAIIGOINALT AN 1169 Tasu
19872 9INIAN1GUBNADIAAIY 1N (Outdoor Air Intake Flow, Vot) 92114111 Zone Outdoor
Airflow

Vot = Voz ... (%

9
U

ﬂiﬁﬁﬂummﬁfﬁqm%mwm (100% Outdoor Air Systems) awld
Vot = 2all zones Voz .. 4

Jg
dunsal Multiple-Zone Recirculating Systems 152 UVTTLEIMA DM gn 11

Q

[

v Y
@ Y [ 1 . 9 o a a
galaunate o Tyunioun A1 Outdoor Air Intake (Vot) 3ABINNITAIUIBNUIAN A93)

Vot = Vou/Ev ...(5

Tag# Vou Av Uncorrected Outdoor Air Intake H4%11991naums aaao 11l
Vou = D Xall zones (Rp x Pz) + 2all zones (Rax Az) ... (6)
Taed D Ao Occupant Diversity Ratio #3411 1a01ngas

D = Ps / 2all zones Pz ..
Taeh Ps flo S1uandegordogegans aluduiinisind @21 Ev Ao System Ventilation Efficiency

WA 181NA13 19N 2.8

MI9N 2.8 UsedNTMNTEUVUTZVI001NA

Max (Zpz) Ev
<o0.15 1.0
<0.25 0.9
<0.35 0.8
<0.45 0.7
<0.55 0.6
>0.55 Use Appendix A TU@10391U 62.1
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Exhaust Rate, | Exhaust Rate, Exhaust Rate, | Exhaust Rate, | Air
Occupancy Category cfm/unit (‘fm/ffz Notes | L/s*unit L/S'lll2 Class
Animal Facilities
Animal imaging (MRI/CT/PET) — 0.90 — 45 3
Animal operating rooms — 3.00 — 15 3
Animal postoperative recovery room — 1.50 — 7.5 3
Animal preparation rooms — 1.50 — 7.5 3
Animal procedure room — 2:28 — 11.3 3
Animal surgery scrub — 1.50 — 7.5 3
Large-animal holding room — 2.25 — 11.3 3
Necropsy — 2.25 — 11.3 3
Small-animal-cage room (static cages) — 225 — 11.3 3
Small-animal-cage room (ventilated cages) — 1.50 — 7.5 3
Arenas — 0.50 B — — 1
Art classrooms — 0.70 — 35 2
Auto repair rooms — 1.50 A — 75 2
Barber shops - 0.50 — 25 2
Beauty and nail salons — 0.60 — 3.0 2
Cells with toilet — 1.00 — 50 2
Copy. printing rooms — 0.50 — 25 2
Darkrooms — 1.00 — 5.0 2
Educational science laboratories — 1.00 — 5.0 2
Janitor closets. trash rooms, recycling — 1.00 — 5.0 3
Kitchenettes — 0.30 — 15
Kitchens—commercial — 0.70 — 35 2
Locker rooms for athletic. industrial, and health | — 0.50 — 2:5 2
care facilities
All other locker rooms — 0.25 — — 125 2
Shower rooms 20/50 GlI 10725 2
Paint spray booths — — F — — 4
Parking garages — 0.75 (o] — 37 2
Pet shops (animal areas) — 0.90 — 4.5 2
Refrigerating machinery rooms — — F — — 3
Residential kitchens 50/100 — G 25/50 — 2
Soiled laundry storage rooms — 1.00 F — 5.0 3
Storage rooms. chemical — 1.50 F — 75 4
Toilets—private 25/50 — E.H 2.5/25 — 2
Toilets—public 50/70 — D.H |25/35 — 2
Woodwork shop/classrooms — 0.50 — — 25 2

(8
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Construction Element Tightness Area Ratio

A/A,

Exterior Building Wall (Including construction cracks Tight 0.50x 10™

and cracks around windows and doors) Average 0.17x 10°

Loose 0.35x10°

Very Loose 0.12x 10”

Stairwell wall (Including construction cracks but not Tight 0.14x 10"
cracks around windows and doors)
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Construction Element Tightness Area Ratio

A/A,

Average 0.11x10°

Loose 0.35x10°

Elevator shaft walls (Including construction cracks but Tight 0.18x 10°
not cracks around doors) Average 0.84x 10°
Loose 0.18x 10"

Floors (Including construction cracks and gaps around Tight 0.66x 10°
penetrations) Average 0.52x 10"
Loose 0.17x 10°
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Flow Path Path Name Flow Coefficient Flow Area (m3)
Single door (closed) DOOR-SC 0.65 0.23 x10"
Single door (opened) DOOR-SO 0.35 2.00
Double door (closed) DOOR-DC 0.65 0.45 x10™
Double door (opened) DOOR-DO 0.35 3.90
Elevator door (closed) DOOR-EC 0.65 0.06
Elevator door (opened) DOOR-EO 0.65 0.56
Exterior walls (Tight) WELL-EXT-T 0.65 0.50x10™
Exterior walls (Average) WELL-EXT-A 0.65 0.17x10”
Exterior walls (Loose) WELL-EXT-L 0.65 0.35x10”
Exterior walls (Very Loose) WELL-EXT-VL 0.65 0.12x107
Interior walls (Loose) WELL 0.65 0.35x10”
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Flow Path Path Name Flow Coefficient Flow Area (m3)
Floor (or roof) Tight FLOOR-T 0.65 0.66x10°
Floor (or roof) Average FLOOR-A 0.65 0.52x10"
Floor (or roof) Loose FLOOR-L 0.65 0.17x10°
Curtain wall gap (Tight) FLOORW-T 0.65 0.61x10°
Curtain wall gap (Loose) FLOORW-L 0.65 0.31x10°
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ppueInsyud 7-9 laanms Tnadaan lvasureullaveslszq - nihavazitlauazia

F19AZI0IAAIUAAININAITIN 4.5 AT 4.6

M990 4.5 90513 1M aIFa2a (Mass For Rate) 910MIA%0I52 U180 1MASIUNAAS TUanN

2 4
sUuuUeIMIHUN 2 - 6

USIFUEFINE | ANMENMY onsM3 Inaana
(P2) (kg/m’) (kg/s)
a5

1OU | wae | neM | 1ds 1 i

ia | da | da | da | wihee | dszg | winea | dazg
Fu2
woerhamu 1 | 0549 | 0379 1.187| 1.187| 0.019| 0015| 0017| 0017
weerham2 | 0703 | 0.527| 1.187| 1.187| 0.025| 0022 0024 0.024
Woerhu3 | 0501 | 0336 1.187| 1.187| 0017 | 0012| 0014| 0013
weerhau4 | 0392 | 0205| 1.187| 1.187 -1 0.008 -1 0.008
W0z 0375 | 0.189| 1.187 | 1.187 -1 0.011 -1 0,011
Toanmauau 0.029 | -0.157 | 1.159| 1.159 | 0.011 -1 0.046 -
wourhu s | 0438 | 0245 1.187| 1.187| 0.011 0| 0047| 0.006
Wourhu 6 | 0416 | 0242 1.187| 1.187| 0.011| 0.005| 0031 | 0.054
W7 | 0425 | 0244 | 1.187| 1.187| 0.011| 0.003| 0040 | 0.024
Wourhau g | 0392 | 0239| 1.187| 1.187| 0.007| 0.008| 0.008| 0.045
Mo 9 | 0394 | 0239| 1.187| 1.187| 0.007| 0.008| 0.009| 0.045
Wouwim 10 | 0393 | 0239 | 1.187| 1.187| 0.007 | 0.008| 0.009| 0.045
wewihm 1l | 0392 | 0239 1.187| 1.187| 0.007| 0.008| 0.015| 0.044
u 6
o1 | 0431 0996| 1.187| 1.187| 0019 0017 0.038| 0.038
Wourham2 | 0586 | 1.829| 1.187| 1.187| 0.026| 0.024| 0056 | 0.056
weerham3 | 0382 0.673| 1.187| 1.187| 0.017| 0013 0.028| 0.028
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M3 4.5 (A19)

UFIAUFINS | AnamHIIY 8nIM3 Ina e
(Pa) (kg/m’) (kg/s)
a5

oY | waa | neM | waa 1a it

iWa | da | da | da |[whee |dsze | nines | dszg
Wourhau4 | 0284 | 0238 1.187| 1.187 -1 0.002 - 0
Woulszyy | 0179 | 0.138 | 1.187 | 1.187 -1 0.014 - 0.014
Fu 6
Toema@y | -0.116 | -0.165 | 1.159 | 1.159 0.009 -1 0.003 -
Wourhaus | 032 0243 1.187| 1.187 0.011 [ 0.008 | 0.037 0.037
Wourhu 6 | 0296 | 0239 1.187| 1.187 0.011 [ 0.004 | 0.017 0.015
Wourhau 7 | 0304 | 0241 1.187| 1.187 0.011 [ 0.006 | 0.026 0.026
Wouam s | 0284 | 0238 | 1.187 | 1.187 0.009 | 0.002 | 0.005 0.001
Woaraw o | 0287 | 0238 | 1.187 | 1.187 0.009 | 0.001 | 0.005 0.001
Wouwim 10 | 0287 | 0238 | 1.187 | 1.187 0.009 | 0.001 | 0.005 0.001
Wouwhm 1l | 0286 | 0239 1.187 | 1.187 0.009 [ 0.001 | 0.007 0.006
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v
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NOINUBAIINIG

A 9 a @ A g}/ A 2’, A A v a
uamﬂaﬂummﬁmuwﬁmmuﬂﬂmﬂmqw“lugﬂuwmmwuw 2-6 Taeyun 2 Mﬂ@]iWﬂﬁul‘HaL“N

lti' a o A a = g’/ ti' |t§' a QJ 1 a =
4Ia9YN 0.046 N lansuaAeIUIN LAz FUN 6 2gn 0.037 nlansuaedI U

M9199 4.6 9AT1MT 1M aIFIa (Mass For Rate) 910M5ASDIT2 U180 IMASIUNAAS TUAN

2 4
sUuueIMIHUN 7 -9

UIITUA NS | AnumHY 8nsMI IHaBana
(Pa) (kg/m’) (kg/s)
Yo

oy | WAl | neu | vas 1la itla

da | da | da | da |[winea [dsze | winena | dsze
u7
ﬁmﬁmu 1 0.991 0.288 1.187 1.187 - 0.038 - 0.123
ﬁmﬁmu 2 0.244 0.238 1.187 1.187 - 0.004 - 0.013
ﬁ}mﬁwm 3 0.236 0.238 1.187 1.187 0.002 0.004 0.011 0.008
ﬁ}mﬁwm 4 0.238 0.238 1.187 1.187 0 0.004 0.011 0.008
ﬁ’mﬁnm 5 0.094 0.271 1.187 1.187 0.037 0.009 0.098 0.072
ﬁ’mﬁnm 6 0.084 0.263 1.187 1.187 0.034 0.017 0.085 0.088
ﬁ’mﬂswm 0.066 0.242 1.187 1.187 0.028 0.028 0.033 0.033
Toanmaau -0.164 | -0.165 1.159 1.159 | 0.002318 = 0.014 =
9
ﬁ’mﬁnm 1 0.778 0.375 1.187 1.187 > 0.032 - 0.206
ﬁ’mﬁnm 2 0.220 0.235 1.187 1.187 - 0.006 - 10.037984
ﬁ@\iﬁNWU 3 0.213 0.214 1.187 1.187 0.007 0.004 0.007 | 0.005935
ﬁ@ﬂ‘ﬁ”lﬁil 4 0.213 0.214 1.187 1.187 0.007 0.004 0.002 | 0.005935
ﬁ@ﬂ‘ﬁ”lﬁil 5 0.283 0.247 1.187 1.187 0.009 0.031 0.004 0.015
ﬁ’mﬁnm 6 0.283 0.221 1.187 1.187 0 0.032 0.006 0.017
ﬁ’mﬂ‘im;m 0.319 0.283 1.187 1.187 0.013 0.014 0.009 0.009
Toanmaau -0.159 | -0.163 1.159 1.159 0.018 - 0.018 -
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M 4.8 ﬁumgmmﬂwammmmﬁau Lﬁﬂlﬂﬂ%@\iizﬂTﬂ@WﬂWﬁ‘ﬂﬂﬁMﬂ HUVDIATFUN

7-9

v 9 v
Wa91809M151A¥095Z V801N IANIHUAVOILUVDINITTUN 2-6 LAZUUVDIAT

9 4 ]
Fun 7-0 1an1n13 lvadanaan lvarmwgeuilavesdszq - nihanvuzitlanazla

31922100AAIN15199 4.7 Az 4.8

] Y
M9319% 4.7 6031013 11MaiBauIa (Mass For Rate) 91nm311areaszinenanuanielueinis

Y H
gﬂgmummwuw 2-6

UIIUN TS | Aanamuiy 8nsM3 IraBana
(P2) (kg/m’) (kg/s)
Tas

oM | waa | neu | 1ids a ia

itla ita ila ia | winena [ dsza | ninena | dse
$u2
woerhau 1 | 0549 | 0250 | 1.187| 1.187| 0.019| 0.015| 0.059| 0.051
Weerhm2 | 0703 | 0262 1.187| 1.187| 0026 0022 0.083| 0.078
Woerh a3 | 0501 | 0248 | 1.187| 1.187| 0017 0012| 0053 | 0.044
Wourhau4 | 0392 | 0229 1.187| 1.187 -| 0.008| 0.060 -
W0z 0375 | 0214 1.187| 1.187 -1 0.011 -1 0.090
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USIAUFINS | AnamHIei onsM3 Inaana
(Pa) (kg/m) (kg/s)
a5y

fou | was | neu | waa la ila

o | da | da | da |wihens | dszg | wihee | dse
Toanmaau 0.029 | -0.162 | 1.159 | 1.159 0.012 - 0.029 -
Wourhaus | 0438 | 0242 1.187| 1.187 0.012 0 0.032 | 0.011
Fu2
Mo 6 | 0416 | 0239 1.187| 1.187 0.011 | 0.006 0.018 |  0.024
Mo 7 | 0425 | 0241 1.187| 1.187 0.011 | 0.003 0.027 | 0.012
woerhau g | 0392 | 0238 1.187| 1.187 0.007 | 0.008 0.008 |  0.031
Wourhamu 9 | 0394 | 0238 1.187| 1.187 0.007 | 0.008 0.007 | 0.031
Wouham 10 | 0393 | 0238 | 1.187 | 1.187 0.007 | 0.008 0.008 | 0.031
Wowham 11 | 0392 | 0238 | 1.187 | 1.187 0.007 | 0.008 0.001 | 0.030
Fue
o1 | 0431 0.159| 1187 | 1.187 0.019 | 0.017 0.079 | 0.078
wourh a2 | 058 | 0277 1.187| 1.187 0.026 | 0.024 0.108 |  0.108
wourhamu3 | 0382 | 0256| 1.187| 1.187 0.017 | 0.013 0.072 | 0.071
wourhau4 | 0284 | 0237| 1.187| 1.187 - | 0.001 -1 0022
Woulsz ey 0.179 | 0221 | 1.187 | 1.187 - | 0.014 -1 0072
Toema@u | -0.116 | -0.164 | 1.159 | 1.159 | 0.009272 - 0.006 -
Woerhau s 032 | 0.143| 1.187| 1.187 0.013 | 0.008 | 0.03561 | 0.037
Mo 6 | 0296 | 0239 1.187| 1.187 0.011 | 0.004 0.015| 0.017
Wourau 7 | 0304 | 0241 | 1.187 | 1.187 0.011 | 0.006 0.026 |  0.025
wourhau g | 0284 | 024 1.187| 1.187 0.009 | 0.002 0.006 | 0.001
wourham 9 | 0.287| 0239 1.187| 1.187 0.009 | 0.001 0.006 0
Wouwihm 10 | 0.287 | 0239 1.187| 1.187 0.009 | 0.001 0.006 0
wouwihm 1l | 0.286| 0239 1.187| 1.187 0.009 | 0.001 0.008 |  0.005
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A N una TusgauANNgIEUN 2 1agFui 6 MINATOUAIBATINT 1HATIWIANL I 6ATT
' ' A a1 A 2 2 A 1] o 3 A A
m3 lvadugseudadaunuiyunn Tau Tuyud 2 Hoeriu 2, 1uag 3 1 HuTeudiinig
A ~ o W 9 o ~ a @ [IP-N A
vanlasueiniauinigaaiuaiay Tagluiearinaun 2 910 0.022 AlansuaeIun iu
a 1] 1 Aa aA A d? a 1] T A = | 3’, ~ Y o ~
0.078 N 1ANTUADIUIN WLV 0.056 N1ANTUADIUIN TIUFUN 6 HOINIIUN 2 910 0.023
=

a v 1 a < a v 1 Aa a A X a o 1 Aa A A 2
ﬂjﬁﬂﬁmﬁ@’)uﬂﬂ lﬂu 0.108 ﬂIﬂﬂﬁllG]E]')u’W] IWHUU 0.085 ﬂiaﬂij\lﬁﬂﬁu'lﬂ IHBDIIINNN 3

I 1 4 [ a 9 a o
Iclﬁnl L‘JJuﬁ’suﬁﬁ%mizmﬂ’a1mﬁ°u<§nmﬂi®‘ummimmnﬁ@muaaﬂ

v 9
As1eh 4.8 amwmsllwamma (Mass For Rate) NIMIarosszenivuanelueins

Y A
gﬂu‘uummﬁ%um 7-9

USIGUTUINS | ANHRUIMIY onINM IvamanIa
(Pa) (kg/m3) (kg/s)
Imu \ W \ U a =)

nou ¥ina nou 1ioq ia ia

Wa | da | da | da |wihes [dszg | winens | dsze
¥U 7
ﬁ’mﬁnm 1 0.991 0.283 1.187 1.187 - 0.038 - 0.123
ﬁ’mﬁnm 2 0.244 0.238 1.187 1.187 - 0.004 - 0.009

woerhau 3 0.236 | 0.238 1.187 1.187 0.002 0.003 0.009 0.009

Woerhu 4 0.238 | 0.239 1.187 1.187 0 0.003 0.008 0.009

woerhau s 0.094 0.27 1.187 1.187 0.037 0.009 0.099 0.072

WoIaU 6 0.084 | 0.263 1.187 1.187 0.034 0.016 0.087 0.087

ﬁ@ﬂﬂiziju 0.066 | 0.242 1.187 1.187 0.028 0.028 0.033 0.033

Toamaau -0.164 | -0.165 1.159 1.159 0.002 - 0.008 -
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M35199 4.8 (A1D)

USITUTNINE | ANUTIUY oNIMT IHamaNIa
(Pa) (kg/m3) (kg/s)
Imu 1 w \ U =) )

oY ¥iag nou 1iag il ia

ia | da | da | da |whee |dszg | nihes | dazg
FU9
ﬁ’mﬁnm 1 0.778 0.278 1.187 1.187 - 0.032 - 0.109
Woaam 2 | 0220 0234| 1.187| 1.187 -1 0.006 -1 0037

Mo 3 0.213 0.234 1.187 1.187 0.007 0.004 0.031 0.011

Moy 4 0.213 0.23 1.187 1.187 0.007 0.004 0.031 0.011

Woarihau 5 0.283 0.253 1.187 1.187 0.009 0.031 0.066 0.087

Mo 6 0.283 0.246 1.187 1.187 0 0.032 0.049 0.097

ﬁ’mﬂaz&gu 0.319 | 0.238 1.187 1.187 0.013 0.014 0.012 0.032

Toamaau -0.159 | -1.165 1.159 1.159 | 0.018544 - | 0.0035 -
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= a 4 a @ o =\ o
4.1.3 MsfAnk AAZH wazilsziiiuszuusaeinimiu lanil Il luemsdninauge 9
Z I3 ' 3PN J { @ a g
FU TIUIU 2 FOINN FIUATIEHNS Inafvesermalszaiiu landl Iinsaidladszgau 1 19
I o = A = A Y '
lumssassmuuruonenil llivewssumsndeudienuesngmoueneins wansnaaoy

v ' = IS v ti'
Lliﬂﬂuﬁﬂﬂiﬂhﬂigﬁ]ﬁuulWﬂJﬂ']ﬂ\‘iLLﬁﬂﬁﬂﬁJ MTNN 4.9

M99 4.9 Awsauanasentlszguil i

Fu vulanitll 1 pulanitlvl 2
(Pa) (Pa)
1 51.72 51.74
%u 2 80.86 80.88
i 3 79.23 79.25
1 4 77.77 77.80
¥u s 76.32 76.34
i 6 74.86 74.89
7 68.74 68.77
'8 69.84 69.87
19 68.44 68.47

VINATNTN 4.9 naaIHanIssIaeen msauanasentszguil llileszuudaeinia
o ZIJ a 4 ' A o A 1 1
e luemssy 1-9 1inmsaszrny Tuvaziszuuihau Ap inseuilszguaas
a1 [ Y] Y < 9 [ @
v da liminu Ap szulsdu Tdawanugeveserms sgmivlanawsauvesoiney
9 A a gJ/ A 2 a a = g}./ A 9
vesigaluusnasui 1 Funaanms nasenveseimannmailalszguil lnsuin 1 13aw
= d’ a a Y Y a g}/ d' S 1 d' 1
srumsewenidl Iidlomamamas lvdlueins nazemg liuSnasui 2 a Ap finson
d' ] Y =S d’ = ] v = d’ = g}/ 1 g’/
Uszguiniiga voeriu lanii W 1 a1 80.86 Pa woarfulavii o 2 1A 80.88 Pa azAguATY

~ a A ~ 3 Y 1 o A g}, g}; lg}/ A A
11 3-9 inanasis oo o saandeemuaszAUANNG Tagh AP voansuawaTuR 1-9 a1eg
[ @ v I 1 o
524171 APmin /U APmax A9 25 - 90 Pa aai)u'Tilenuaimsuuziin
v 9
Tuvnzinamand s Inifuagszuudasiniaiaiu n1slvavese sy

< 1 v o w Jdaa da! [ 1 A A
G]Nﬁ\?W'GWI'EJlli\‘]@uﬁllW“I/I‘ﬁ“l/'ll,ﬂﬂ"lluﬁlu’f]'lﬂ'liﬂﬁllﬁﬂ\?ﬂ']ﬂ'lilﬂﬁEluLﬂJiNGl'lll M1I NN 4.10 - 4.18
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d' = v o o sda X g
M1319N 4.10 masunasussaudunnsninavuluernssu 1

T UIIFUFIING USIAUFIRUS
luannzilni lunsalszuvsneimamau
(Pa) (Pa)
Togounsyaas -0.06 22.58
aeh 411 manfasunlaussiudminiimevuluoimseu 2
Tas UIITUT NS UIITHENWUE
luanzind lunsalszuvsneimamau
(Pa) (Pa)
Woariham 1 0.62 2.17
WoIriau 2 0.82 1.45
MoITaTM 3 0.85 1.26
Wo9rhau 4 0.48 1.92
Wouilsza 0.46 2.81
Woariau 5 0.52 0.86
W04 6 0.49 1.26
Woeriau 7 0.50 1.78
Moy 8 0.47 1.18
W09 191 9 0.48 1.28
W09y 10 0.48 1.10
Woaiau 11 0.47 0.90
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M13191 4.12 msasunawssaudunnsninavulueinissu 3

T UIIFUFIING USIAUFIRUS
luannzilni lunsalszuvsneimamau

(Pa) (Pa)

Mo 1 0.62 2.30
Mo 2 0.82 1.53
WoIriaIu 3 0.85 1.27
No9rhNu 4 0.48 2.06
Woulszayy 0.46 2.96
Mo 5 0.52 0.87
WoIraIu 6 0.49 1.18
Woarham 7 0.50 1.08
Wo9riau 8 0.47 1.08
MoIH9U 9 0.48 1.20
Woa9U 10 0.48 1.03
Mo 11 0.47 0.90

d‘ d' [ [ [ a’d‘ a é’ gJJ
M99 4.13 Msasuudasseauduinsimavuluemsyu 4

a5 USITUT NS UIITUENWUE
Tuaaznd lunsalszuvsneimamau

(Pa) (Pa)
Woerihau 1 0.62 2.27
WoIriau 2 0.82 1.52
WoIrau 3 0.85 1.26
Moy 4 0.48 2.03
Woulszay 0.46 291
LN R SRS 0.52 0.87
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M1919N 4.13 (919)

T UIIFUFIING USIAUFIRUS
luannzilni lunsalszuvsneimamau

(Pa) (Pa)
W09 6 0.49 1.17
Woaiau 7 0.50 1.07
WO 8 0.47 1.08
WoIrhaIu 9 0.48 1.19
W03 10 0.48 1.02
Woaria 11 0.47 0.90

d‘ d' [ [ [ o’d‘ a dﬂg gJ/
M99 4.14 Mmsasuudasseaudurinsnmnavulueimswu s

a5 UIITUN NS UIINUENWUE
luaazind lupsalszuvsneimamau

(Pa) (Pa)

Woaiau 1 0.62 2.24
Woariau 2 0.82 1.50
W09 3 0.85 1.24
Moy 4 0.48 2.00
Woulsz ey 0.46 2.87
Mo S 0.52 0.86
Mo 6 0.49 1.16
Woarihau 7 0.50 1.06
Wo9rhau 8 0.47 1.07
Wo91 19U 9 0.48 1.18
W09y 10 0.48 1.01
Woerinau 11 0.47 0.89
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a5 USITHTNWNS USITHENWUE
lwannzlnd lupsalszuudneImManau
(Pa) (Pa)
Mo 1 0.62 221
TN R RRTD 0.82 1.48
M09 3 0.85 1.23
NOWNNY 4 0.48 1.97
Woulszayy 0.46 2.83
TN IRRRTES 0.52 0.86
o911 6 0.49 1.15
Woarian 7 0.50 1.05
Mo 8 0.47 1.06
M0991911 9 0.48 1.17
WoarhaIu 10 0.48 1.00
Wourhau 11 0.47 0.89
a9 4.16 manfasunlausdudiiniimeiuluoinseu 7
a5 USIRUFUINS U IRUFUIS
Tuaanzlni lupsalszuvenemaniau
(Pa) (Pa)
Wy 1 0.93 4.66
Wy 2 0.35 4.66
Hoarham 3 0.34 2.86
Wy 4 0.32 2.88
Hourhau s 0.64 2.88
Wy 6 0.47 2.87
Wosilszam 0.08 3.93
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T UIIFUFIING USIAUFIRUS
luannzilni lunsalszuvsneimamau

(Pa) (Pa)
Woahau 1 0.93 3.51
Mo 2 0.35 3.51
WoIriaIu 3 0.34 2.23
No9rhNu 4 0.32 2.24
Wourihau 5 0.64 2.24
Mo 6 0.47 2.23
Woutlszam 0.08 2.99
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Tas UIITHAWNES UIITHANWUE
Tuanzind lunsalszuvsneimamnau

(Pa) (Pa)
Woerihau 1 0.93 3.45
Wo9i 19U 2 0.35 3.45
W09 3 0.34 2.20
Moy 4 0.32 2.21
Mo 5 0.64 2.21
WoIraIu 6 0.47 2.20
Woatlsza 0.08 2.94
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v ] ] Y
M99 4.19 HANTZTNUANUIFSINLAAVUINMS IFo 1T d 1IN

Tas U ITUF NG ATIMIIZTULINA HansTNURZIRAYY
(Pa) (m’/h/m’)
ﬂnﬁ VMSITUU !!‘U‘U‘ﬁﬁ]@\‘i mmgm qmmw 21713 ‘W’Efaam
A IMAN Y
%J‘l—! 1
-0.06 | 22.58 - V4
‘%‘H 2-6
Houhau 1 | 0.62 2.25 4.04 2 V4
Mo 2 | 0.82 1.50 3.12 2 V4
o3 | 0.85 1.25 1.59 2 V4
Voerhau 4 | 048 2.00 4.88 2 V4
voulszyy | 0.46 2.88 9.21 6 V4
Wourham s | 0.52 0.86 4.79 2 V4
Wourham 6 | 0.49 1.18 442 2 V4
Wouhau 7 | 0.50 1.21 4.97 2 N
o s | 0.47 1.09 6.19 2 V4
4 2-6
Wouau o | 0.48 1.20 3.34 2 N
Wowhanu 10 | 0.48 1.03 4.11 2 L/
Vouham 11 | 0.47 0.89 4.44 2 V4
%’u 7-9
Wouhau 1 | 0.93 3.87 3.30 2 v
Wourha 2 | 0.35 3.87 5.19 2 V4
Woerham 3 | 0.34 243 428 2 V4
Houhau4 | 032 2.44 453 2 V4
o s | 0.64 2.44 4.53 2 V4
Houhaue | 0.47 243 428 2 V4
woullszan | 0.08 | 3.29 5.52 6 v
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