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Model Cyclic volume Rangeability TC correction range
BK-G 1.6 0.8 litres 0.016 -3 m3/h (not BK-G 1.6 V0.8)
BK-G 2.5 1.2 litres 0.025 4 m3/h =5 °C to +35 °C (standard)

BK-G 4 2.0 litres 0.04 -6 m3/h —20 °C to +50 °C (optional )
BK-G 6 3.5 litres 0.06 —10 m3/h

BK-G10 - BK-G25 (5 s .Y
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Model Cyclic volume Rangeability
BK-G 10 6 litres 0.1 -16m3/h
BK-G 16 6 litres 0.16 -25m3/h
BK-G 25 12 litres 0.25 -40 m3/h
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Model Cyclic Volume Rangeability
BK-G 40 18 dm3 0.4 - 65m3/h
BK-G 65 24 dm 0.65 - 100 m3/h
BK-G100 48 dm3 1.0 -160 m3/h
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Model Rangeability Line pressure
G4 0.04- 6m3/h up to 25 bar,
G6 0.06 - 10 m3/h other pressures on request
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Class G100 G25 G40 G65
Cyclic Volume dm3 88 20 35 60
Maximum Flow Rate | m3/h 160 40 65 100
Minimum Flow Rate | dm3/h 1000 250 400 650
Maximum working bar 0.5 0.6 0.6 0.6
pressure
Working temperature °C -25 a/to -25 a/to -25 a/to -25a/to
range +60 +60 +60 +60
Maximum | -Qmin< % +3 +3 +3 +3
permissible Q<
errors Qmin
- % +2 +2 +2 +2
2Qmin<
Q<
Qmax
Maximum totalizer m3 | 999999.99 | 999999.99 | 999999.99 | 999999.99
capacity
Totalizer scale m3 0.002 0.002 0.002 0.002
division
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Class GI10 Gl6
Cyclic Volume dm3 10
Maximum Flow Rate m3/h | 16 25
Minimum Flow Rate dm3/h | 100 160
Maximum working pressure (NPL) bar 0.2
Maximum working pressure (NPA) bar 1
Working temperature range °C | da/from -25 a/to +60
Maximum permissible errors | Qmin< Q < Qmin % +3
2Qmin<Q Qmax | % +2
Maximumtotalizer capacity m3 999999.99
Threaded connection diameter inch 2
Distance between connections mm 280
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Model Temperature(c) Maximum Accuracy Flow(m®/h)
Pressure(bar)
G1l6 -20 to 50 0.5 (steel) + 3% for Qumin<Q<2Qpax 0.016-3
1 (Aluminum) + 2% for 2Qmin<Q<Qmax
G25 -20 to 50 0.5 +3% for Qmin<Q<2Qmax 0.025-4
+2% fOf 2Qmin<Q<Qmax
G4 -20 to 50 0.5 + 3% for Qumin<Q<2Qax 0.04-6
+ 2% for 2Quin<Q<Qmax
G6 -20 to 50 0.5 + 3% for Qumin<Q<2Qmax 0.06-10
+ 2% for 2Qumin<Q<Qmax
G 10 -20to 50 0.5 + 3% for Qmin<Q<2Qmax 0.1-16
+ 2% fOf 2Qmin<Q<Qmax
G 16 -20 to 50 0.5 + 3% for Qumin<Q<2Qax 0.16-25
+2% fOf 2Qmin<Q<Qmax
G 25 -20 to 50 0.5 + 3% for Qumin<Q<2Qax 0.25-40
+ 2% fOI' 2Qm1n<Q<Qmax
G 40 -20 to 50 0.5 + 3% for Quin<Q<2Quax 0.4-65
+ 2% for 2Quin<Q<Qmax
G 65 -20 to 50 0.5 + 3% for Qumin<Q<2Qumax 0.65-100
+ 2% for 2Quin<Q<Qmax
G 100 -20 to 50 0.5 + 3% for Quin<Q<2Quax 1-160
+ 2% fOI‘ 2Qmjn<Q<Qmax
G 4 (High -20 to 50 Up to 25 + 3% for Qumin<Q<2Qmax 0.04-6
Pressure) £ 2% for 2Qmin<Q<Qmax
G 6 (High -20 to 50 Other pressure on + 3% for Qumin<Q<2Qpax 0.06-10
Pressure) request + 2% for 2Qumin<Q<Qmax
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Address : 3-10-8 kamiochiai, shinjiku-ku, Tokyo 161-8508
Tel : 81-3-3360-5121 (International Sales Div.)
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Nominal size 50 to 250 mm( 300 to 600mm available)
Flow velocity range -30 to +30 m/s
Operating temp. range -10 to +80 deg C.
Max. Operating press. 1.96 MPa ( Depends on process connection rating)
Accuracy(Linearity) +1% of RD £0.03% of F.S.
Output Pulse, Analog, bi-directional flow signal (open collector)
Communication RS-485
Converter Power supply 85 to 264 VAC 50/60Hz or 20 to 30 VDC
Construction Non-explosion-proof or explosion-proof

Emerson Process Management <8 i K gl ,JT Sz 23
Daniel SeniorSonic™ gl I Es )

93 o plosleds b il o oYL CEs 4 5L oS (6,050 Gl T 2® o2l
O el S 51t 3L o V=V o O (680310 (gonsdome 5 sols /N spd s
T ol e el Sl o ode JYb s oKaus OL
s S 4 e 5 LS e LSl ot SE LYY mls e b a0k
Sl oy 0 Sl glaesls O S w45 ol Mark T ol 4 S35 =0
Gbesls Juisl Ol &S el (S S s, O Mark I 658 e oolel eslizal
0 el Gl (Slp Ol e OF 31 5 63 S al 3 1y 5 palS 4 g Sesll
3R S S esliel AGA 10 slkld ol g Sy S w5 o 2
GO 235 48 das e o3l chordal s Hlg w0 aS ol opl o&ius ol sl S
Daniel T 3o gl S e 63 SNes laagsa 5 Kl gl s
YYY KS Y IKe s o 5 4 Mark TIT™ Electronics 51 ;Ws 5 SeniorSonic

Clodal



\YO

Mark III™ Electronics YY.¥ |5
Daniel JuniorSonic™ 5 4ol ,“JT T Y
Mark III™ Electronics | ;. T gl s sl g 3 glls T o
e S )L:.a-v—: Lgﬁfo)'\.)d\ Sl Co phe Jj.\fiv‘;a o g0 S Cnledd ealaiul
T Bmerson oS5l e 4y 0,0 (g3latl Al e ol s ad
u’\fb @" fY G ¥ )‘ u{lﬁ‘d}) )Jag l.: 0 pnd 93 9 Y C}J 95 > b JuniorSonic
o il 5 sl Gl OF goslinal Ol & Ol o olSxus pl llse Kon 5l .canles S

Wl ol YYN IS 3 g el 3l led 25 s



\Y#

Daniel JuniorSonic™ T yYyy L}KM

FMC Technology <8 i S sl AT slagin o
S 5wl 53 V4P L 5l &8 ol LT &S 5 S FMC Technology S
eslos S LT 5 cdles 58 sl 0L IS 5 oSl

MPU 1200 Series B 3yl A1 s 23 )

4 iy eyl 5 5 3515 (5 S 63l s o MPU 1200 Series B 3 sl 31 s 23
S5 ASN Slrl b  3 cal S a3 VL S35 L 1 S s (6 Sl Ol O
5l Sais 5 Ll Sl s s (555 Sl ardls e Ll e iy
VX Jode s ol b Slasiie s TYY SKS s T ) led S Ol | L

elotel

MPU 1200 Series B S gl A s 3 FFY ST



MPU 1200 S guel T Sl 23 Goasdons N0 Y s

Size Meter/Second Feet/Second
6-16 in. 0.4-30 1.3-98
18-30 in. 0.3-26 1.0-82
32-52 in. 0.2-20 0.7-50
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Size Meter/Second Feet/Second
4-16 in. 0.4-30 1.3-98
18-30 in. 0.3-26 1.0-82

36 in. 0.2-20 0.7-50
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ANSI 150 ANSI 300 ANSI 600 ANSI 500 ANSI 1500

Length Waight Length Waight Length Waight Length Waight Length Waight
Size {infmim) (Ibka) {in/mm} (Ibka) {infmim) (Ibka) {in/mm} (Ibka) {in/mm} (Ibka)

4" 20" CF 20" CF 20" CF N CF N CF

737 mm 737 mm 737 mm 787 mm 787 mm

B" 20" 400 b 20" 450 b 20" 525 b N BO0 b REN 200 b
737 mm 182 kg 737 mm 205 kg 737 mm 230 kg 787 mm 273 kg 864 mm 354 kg
a" il 225 b N 375 b il 450 b REN 575 b o' 7751k
787 mm 148 kg 787 mm 170 kg 787 mm 205 kg 864 mm 261 kg Q55 mm A52 kg
10" x' 425 |b »' 500 b x' B50 b o' 200 b 44' 1200 Ib
289 mm 193 kg 289 mm 227 kg 289 mm 205 kg Q55 mm 354 kg 1118 mm 545 kg
12" e 550 b KT B50 b e 200 b 44" 000 Ik 40t 1750 b
240 mm 250 kg 240 mm 205 kg 240 mm 354 kg 1044 mm 455 kg 1219 mm 795 kg
16" 40" 200 b 40" 000 Ik 40" 1250 b 44' 1500 Ib Ba' 300 b
1016 mm 354 kg 1016 mm 455 kg 1016 mm 588 kg 1118 mm 582 kg 1321 mm 1404 kg
20" 4" 1150 b 45" 1550 b 4" 1900 Ib 51" 2400 Ib B0t 5000 Ib
1168 mm 523 kg 1168 mm 705 kg 1168 mm 854 kg 1295 mm 10601 kg 1524 mm 2273 kg
24" B4’ 1200 b Ba! 2400 Ib B4’ 2850 b 61" 4250 b " 2000 b
1346 mm 818 kg 1346 mm 1001 kg | 1346 mm | 1295 kg 1548 mm 1932 kg 1803 mm 2536 kg
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Max. service pressure Prax 100 bar
. G 40 to G 16000
Meter sizes (from Quax 65 M /h t0 Quax 25000 m' /h)
Max. measuring range H 1:50
DN 50 to DN 600
. flanged to DIN PN 10, PN 16, PN 25, PN 40, PN 64, PN 100
Connections and

flanged to ANSI 150, ANSI 300, ANSI 600

Physikalisch -Technische Bundesanstalt '
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Max. service pressure Prax 100 bar

G 100 to G 16000

Meter sizes (from Qpax 160 m?/h to Qpay 25000 m*/h)

Max. measuring range ” 1:50
DN 80 to DN 600
. flanged to DIN PN 10, PN 16, PN 25, PN 40, PN 64, PN 100
Connections and

flanged to ANSI 150, ANSI 300, ANSI 600




RMG S i TRZ 03-TE/L (5 s sws 8 38 Slagm > MY &

TRZO03L ¢, ¥

JJLM) G13WL§M‘)L:C~LLEA‘}$L§L§L§JAALLAJ):5J‘ LS‘]AN w\ [N C)}Ld
sla Saisl gl o Lol 53555 U4 4 5 pde 5 (OIML gleal, IR-32/8 <o L
Az Coslon 0y 55 8 (8 3lgs 5 b 58 L;\J._,in: b 5l Aab e 0L sl
gl olesia J-<i-’ Sheasls 308 50 ey il Gl (w3 ol Je Ll
LgLﬁ.l}b o> (S )Lf Ul‘ij" JS ekaas OLiS ‘5{?)&.0 Jfo)w 4 Q\)S’L;c C};
S a sl OGl (g sae b 3l 38 0L = YU (6 S eslhl S3s (sl 20) oz
A3l o 52 Cewse « (load recorder U integrator Jis) SaS (5 ,Sejll alows
03,51 VO st 55 PTB byl sylbilid b ills (6w opl Slasiie b L

s o DL |y g 3 (6 o () 31 (sl 503 YYY Il

RMG &S, TRZ 03 L (g o Slaasin ule 1 VOX Ui

Max. service pressure pmax 100 bar

G 40 to G 10000

Meter sizes (from Qmax 65 m*h to Qmax 16000 m*/h)

Max. measuring range H 1:50
DN 50 to DN 600
. flanged to DIN PN 10, PN 16, PN 25, PN 40, PN 64, PN 100
Connections and

flanged to ANSI 150, ANSI 300, ANSI 600
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Accuracy: + 0.5% uncertainty
Diameters: 2", 3", 4", 6", 8", 10", 12", 16", 20", 24",30"
Flange Ratings: PN10 - PN100, ANSI150 - ANSI600
Frequency Transducer: 1 or more proximity probes
Index: Multi index with LF pulse output
Pressure: up to 100bar (1,450 psi)
Ranges: 3,500ACFH - 900,000ACFH
Turn-Down Ratio: 1:20 at atmospheric pressure (larger range at higher pressures)
Spec. Sheet / Brochure: Turbine Gas Meter Type Q Brochure
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Accuracy: +.5% uncertainty (+.25% for larger at high pressure)
Diameters: 2", 3" 4" 6", 8", 10", 12", 16", 20", 24", 30"
Flange Ratings: PN10 - PN100, ANSI150- ANSI600
Elow Conditioner: Built-in X4X®, fulfills ISQ ?951 with only
2D upstream piping
Frequency Transducer: 1 or more proximity probes
Index: Multi index with LF pulse output
Pressure: up to 100bar (1,450 psi)
Ranges: G40 - G25,000

1:20 at atmospheric pressure (larger range at higher

Turn-Down Ratio:
pressures)

Spec. Sheet / Brochure: Turbine Gas Meter Type X Brochure
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Media: natural gas, town gas, propane, inert gases.

Applications: Industry: Gas supply, heating manufacturers, chemical industry

Pressure ratings for PN10/16 and ANSI 150.
Pressure ratings: Various flanges are available on request.
(DIN Flanges, ANSI Flanges, JIS Flanges and others

Nominal diameters: 50 mm (2”) to 200 mm (8”). Larger sizes on request.

20: 1 minimum or better at atmospheric conditions up to 50: 1 at

Measuring range: higher densities.

Flow rates: 8 m*/h up to 4000 m*/h

Repeatability: better than 0,1 %

0,2 Qmax to Qmax : = 1 % or better

Measuring accuracy: Qmin to 0,2Q max : =2 % or better

Standard : -25C to + 60C

Temperature range: On request : -40C to + 80C
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Pipe Size Measurement Height Overall
G-rating Range (m’/h) Frequency || Lenght P};Ziis:llre M]i?fr}ilal
mm | inch Qmin-Qmax (Hz) (mm) g
G40 13-65 Aluminium
50 | 20 | Gés 10-100 200-400 150 DI/;I\LSI\IJ 11%(/)1 ] GGGA40
G100 16-160 Carbon Steel
G100 16-160 Aluminium
. I G160 25-250 ANSI 150
80 1 3 G250 20-400 200-300 2401 DINPN 10/16 Ca?bff‘;?eel
G400 32-650
G160 25-250 Aluminium
. G250 20-400 ANSI 150
10044 G400 32-650 200-300 300 DIN PN 10/16 Cai(jfg?eel
G650 50-1000
G400 32-650 Aluminium
. I Geso 50-100 ANSI 150
13016 1 G1o00 80-1600 100-200 450} N PN 10/16 Ca?beg(t) |
G1600 130-2500 on >tee
G650 50-1000 Aluminiom
. I G1000 80-1600 ANSI 150
2001 8" 4 51600 130-2500 75-150 600 BN PN 10/16 Caiifg?eel
G2500 200-4000
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Model Accuracy%o
IGTM-CT £1% for 0.2 Qmax- Qumax
+2% for Qmin' 0.2 Qmax

IGTM-IM + 05% for 02 Qmax - Qmax
+1% for Qmin' 0.2 Qmax
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e GFT-Turbine-Gas-Meter-models
e TXB-Digital-Turbine-Gas-Meter-models

¢ Quantometer-Gas-Flow-Turbine-Meter-models

L] o 6aISYV Y J)J}-JJASML:L;O ;ﬁ.lbmdjﬁa}u JALI-LAJJA U'i‘

Bell &S % Turbine-Gas-Meter il OY s Y\ J i

b Ju Y guas 3lda
. GFT-Turbine-Gas-Meter-models 19 Products
o Screw Connection Gas Flow Turbines 7 Products
o Flange Connection Gas Flow Turbines 7 Products
o Wafer Connection Gas Flow Turbine 5 Products
o TXB-Digital-Turbine-Gas-Meter-models 7 Products
. Quantometer-Gas-Flow-Turbine-Meter-models 14 Products
. CPT Gas Quantometers 14 Products

GFT (s, s 38 LSL“G"""&" A
Zwslodel 13 5> GFT Gas Turbine (sl T kol Slasis
ol St/Steel 1ol o @

“FLI2-P” 5 8 700 3l bend) +/-2.0 % (st 0330000 ,3) lims @

(5 32 oslazs! Rate/Totaliser
+/-0.2 %: (Repeatability) s .0 )| S5 o
- 30°C to + 120°C (350°C Option): sles 63 5d=s @
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Screw Connection Gas Flow Turbines

14" BSP Gas Flow Turbine

St/Steel Construction, Screwed Connections
0.3 -4.2 m3/Hr

15" BSP Gas Flow Turbine

St/Steel Construction, Screwed Connections
0.5 -7 m3/Hr

%" BSP Gas Flow Turbine

St/Steel Construction, Screwed Connections
1 - 14 m3/Hr

%" BSP Gas Flow Turbine

St/Steel Construction, Screwed Connections
2.5 -35 m3/Hr

1" BSP Gas Flow Turbine

St/Steel Construction, Screwed Connections
5-70 m3/Hr

1%" BSP Gas Flow Turbine

St/Steel Construction, Screwed Connections
10 - 140 m3/Hr

2" BSP Gas Flow Turbine

St/Steel Construction, Screwed Connections
18 - 252 m3/Hr

Flange Connection Gas Flow Turbines

%" Flanged Gas Flow Turbine

St/Steel Construction, Flanged Connections
2.5-35m3/Hr

1" Flanged Gas Flow Turbine

St/Steel Construction, Flanged Connections
5-70 m3/Hr

14" PN16 Flanged Gas Flow Turbine

St/Steel Construction, Flanged Connections
10 - 140 m3/Hr

2" Flanged Gas Flow Turbine

St/Steel Construction, Flanged Connections
18 - 252 m3/Hr

3" Flanged Gas Flow Turbine

St/Steel Construction, Flanged Connections
35 - 490 m3/Hr

4" Flanged Gas Flow Turbine

St/Steel Construction, Flanged Connections
70 - 980 m3/Hr

6" Flanged Gas Flow Turbine

St/Steel Construction, Flanged Connections
140 - 1960 m3/Hr

Wafer Connection Gas Flow Turbine

%" Wafer Style Gas Flow Turbine

(43 mm R.F. Diameter)
St/Steel Construction, Wafer Fitting
2.5-35 m3/Hr

1" Wafer Style Gas Flow Turbine

(52 mm R.F. Diameter)
St/Steel Construction, Wafer Fitting
5-70 m3/Hr

1'4" Wafer Style Gas Flow Turbine

(73 mm R.F. Diameter)
St/Steel Construction, Wafer Fitting
10 - 140 m3/Hr

2" Wafer Style Gas Flow Turbine

(92 mm R.F. Diameter)
St/Steel Construction, Wafer Fitting
18 - 252 m3/Hr

3" Wafer Style Gas Flow Turbine

(127 mm R.F. Diameter)
St/Steel Construction, Wafer Fitting
35 - 490 m3/Hr
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3/4" Screwed Digital Gas Flow Turbine

Qmin 1.5 Qmax 30 m3/h
Record flow rates less than 0.05m3/h
Aluminium Alloy Construction

1" Screwed Digital Gas Flow Turbine

Qmin 1.5 Qmax 30 m3/h
Aluminium Alloy Construction

1 1/4" Screwed Digital Gas Flow Turbine

Qmin 1.5 Qmax 30 m3/h
Aluminium Alloy Construction

1 1/2" Screwed Digital Gas Flow Turbine

Qmin 1.5 Qmax 30 m3/h
Aluminium Alloy Construction

2" Screwed Digital Gas Flow Turbine

Qmin 10 Qmax 100 m3/h
Aluminium Alloy Construction

2" Flanged Digital Gas Flow Turbine

Qmin 12.5 Qmax 150 m3/h
Aluminium Alloy Construction

3" Flanged Digital Gas Flow Turbine

Qmin 30 Qmax 300 m3/h
St/St Construction

3/4" Screwed, 1" Screwed, 1 1/4" Screwed, 1 1/2" Screwed, 2" Screwed, sla Jos Ji.w

sl Flanged "y sladie S8 oomen .ol odd o3ls 00 K5 55 €503 g2 2" Flanged
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3/4" Screwed , 1" Screwed , 1 1/4"Screwed, 1 1/2" Screwed, 6Lﬁc§wd3 cilsee gla Jue 00X J.i,,,
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Quantometer-Gas-Flow-Turbine-Meter —alises gla Jie :YEX J >
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SKU: CPT50G40
Quantometro Mechanical Gas Meter 50mm Qmin 6 Qmax 65 m3/h

SKU: CPT50G65
Quantometro Mechanical Gas Meter 50mm Qmin 10 Qmax 100 m3/h

SKU: CPT80G100
Quantometro Mechanical Gas Meter 80mm Qmin 8 Qmax 160 m3/h

SKU: CPT80G250
Quantometro Mechanical Gas Meter 80mm Qmin 20 Qmax 400 m3/h

SKU: CPT80G160
Quantometro Mechanical Gas Meter 80mm Qmin 13 Qmax 250 m3/h

SKU: CPT100G160
Quantometro Mechanical Gas Meter 100mm Qmin 13 Qmax 250 m3/h

SKU: CPT100G250
Quantometro Mechanical Gas Meter 100mm Qmin 20 Qmax 400 m3/h

SKU: CPT100G400
Quantometro Mechanical Gas Meter 100mm Qmin 32 Qmax 650 m3/h

SKU: CPT150G400
Quantometro Mechanical Gas Meter 150mm Qmin 32 Qmax 650 m3/h

SKU: CPT150G650
Quantometro Mechanical Gas Meter 150mm Qmin 50 Qmax 1000 m3/h

SKU: CPT150G1000
Quantometro Mechanical Gas Meter 150mm Qmin 80 Qmax 1600 m3/h

SKU: CPT 200G1000
Quantometro Mechanical Gas Meter 200mm Qmin 80 Qmax 1600 m3/h

SKU: CPT 200G1600
Quantometro Mechanical Gas Meter 200mm Qmin 130 Qmax 2500 m3/h

SKU: CPT 200G2500
Quantometro Mechanical Gas Meter 200mm Qmin 200 Qmax 4000 m3/h
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Designed for a wide range of liquid and gas applications
Accuracy: 0.25%

Repeatability: 0.05% (liquid) and + 0.1% (gas) of reading.
Excellent speed of response

Linearity: + 0.1% (100:1) with linearizing electronics



Liquid Flow Rates: 0.03 to 1,500 GPM (0.11 to 5,677 LPM)

Gas Flow Rates: 0.09 to 1,500 ACFM (2.55 to 42,480 ALPM)

Materials of Construction: 316 SS housing and 430F SS rotor

End Fittings: NPT, AN (MS), Hose Barb, ANSI Flanges, SAE, Tri-Clamp
Max Pressures: 2000 Bar (30,000 psi), dependant on size and fitting
Custom Engineered Solutions Available on Request

Flow Technology s ,% FT Series ;5 35 sla T 23 BFY S

FTO Series Jus 38 w8 o 23 Y

eslizal 58 L @La o=k ‘_;L.;- oL > sla Cf ngf ol gl s T s S o
G5 ol Uy ol Sl 4 el 5 VL S35 (6,8 o310l Ly ol pds
R ege Al 1y 3 55 0.0015 ACFM 5 Silewle 53 0.001 GPM 0~ s VS oLl =
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Low flow instrument grade flow meter for both liquid and gas
Accuracy: 0.25%

Repeatability: 0.1% of reading

Linearity: 0.1% (100:1) with linearizing electronics

Liquid Flow Rates: 0.001 to 2.0 GPM (3.78 to 7,570 mLPM)
Gas Flow Rates: 0.0015 to 0.3 ACFM (2.55 to 510 ALPH)
Materials of Construction: 316 SS housing and 17-4PH SS rotor
End Fittings: Female NPT, AN (MS), and ANSI Flanges
Bearings: Pivot (sapphire jewel), ball, and journal

Compact Size: 3 inch face-to-face with NPT and MS connections
Custom Engineered Solutions Available on Request
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Company Name: Tancy Investment Group Co., Ltd.

Street Address: Road1.Industry Zone.Lingxi Town.Cangnan
City: Wenzhou

Province/State: Zhejiang

Country/Region: China
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G-rating | Pipe Qmax(m3/h) Qmin(m3/h) Qmin(m3/h) Qmin(m3/h) Qmin(m3/h)
Size ,B=30 ,B=20 ,B=10 ,B=5
G 16 2" 25 - - - 5
G25 2" 40 - - - 8
G 40 2" 65 - - 6 13
G 65 2" 100 - 5 10 20
G 100 3" 160 - 8 16 32
G 160 3" 250 8 13 25 50
G 160 4" 250 - 13 25 50
G 250 3" 400 13 20 40 80
G 250 4" 400 - 20 40 80
G 250 6" 400 - 20 40 80
G 400 4" 650 20 32 65 130
G 400 6" 650 - 32 65 130
G 400 8" 650 - 32 65 130
G 650 6" 1000 32 50 100 200
G 650 8" 1000 32 50 100 200
G 1000 6" 1600 50 80 160 320
G 1000 8" 1600 - 80 160 320
G 1000 10" 1600 - 80 160 320
G 1600 8" 2500 80 130 250 500
G 1600 10" 2500 80 130 250 500
G 2500 10" 4000 130 200 400 800
G 2500 12" 4000 - 200 400 800
G 4000 12" 6500 200 320 650 1300
G 4000 16" 6500 - 320 650 1300
G 6500 16" 10000 320 500 1000 2000
G 6500 20" 10000 - 500 1000 2000
G 10000 | 20" 16000 - 800 1600 3200
G 10000 | 24" 16000 - 800 1600 3200
G 16000 | 24" 25000 - 1300 2500 5000
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Maintenance Cost
Installation Cost
£33 Caad Initial Cost
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Type Of Measurement
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Viscosity Effect

Pressure Loss

Operating Cost

End Connections
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Signal

Performance Stability

ey S Sensitivity To Installation Effects
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Flowmeter Type | Clean Gas Dirty Gas Design Pressure Design Temperature
Concentric Determined b
(Square Edged) Limited Application T it Y Determined by Material
Orifice Plate GOOD ransmitter
Segmental Determined b
Wedge Orifice GOOD GOOD e¢ by Determined by Material
Transmitter
Plate
. Determined by . .
Venturi Tube GOOD GOOD T . Determined by Material
ransmitter
Differential
Pressure
- v Determined by . .
Flow Nozzle GOOD Limited Application . Determined by Material
Transmitter
. . L Determined by . .
Pitot Tube GOOD Limited Application . Determined by Material
Transmitter
Elbow GOOD GOOD Ditermmf’d % | Determined by Material
ransmitter
Coriolis Type Limited Limited Application Up to 2800 psi Up to 400 F
yp Application PP p psig p
Mass Th )
erma . L . .
Dispersion GOOD Limited Application >500 psig up to 150 F and higher
Vortex Shedding GOOD Limited Application up to 3600 psig up to 750 F
Oscillatory
Vortex . L .
Precession GOOD Limited Application up to 1400 psig -100 Fto 350 F
Ultrasonic Transit Time GOOD Not Recommended 1000 psig up -300 F to 500 F
Turbine GOOD Limited Application Up to 3000 psig -450 F to 500 F
Up to 350
. . L psig(glass tube) Up to 400 F(Glass Tube)
Other Type Varaible Area GOOD Limited Application and 720 and 1000F(Metal Tube)
psig(metal tube)
Target GOOD GOOD Up to 10,000 psig Upto 750 F
Positive GOOD Limited Application Up to 1400 psig Upto 250 F

Displacement
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Typical Relative - Installation Maintenance
Flowmeter Type Rangeability Cost Initial Cost Cost Cost
Concentric (Square . .
Edged) Orifice 3:1to 5:1 Low Low to High Medl_um to Medl_um to
High High
Plate
Segmental Wedge . . . .
Orifice Plate 3:1to 5:1 High High Low Low
Venturi Tube 3:1to5:1 High Mel(_illllgﬁl to Medium Low
Differential
Pressure .
Flow Nozzle 3:1to5:1 Medium Medl.um to Medium Low
High
Pitot Tube 3:1to 5:1 Low Low Medium Low
Elbow 3:1to 5:1 low Low Medium Low
Coriolis Type | 10:1t0100:1 | High High Low to Low
ono P e : g g Medium 0
Mass Thy 1 L L
erma . . ow to ow to
Dispersion up to100:1 High Medium Medium Low
. X . . . Low to Low to
Vortex Shedding 10:1 to 20:1 Medium Medium Medium Medium
Oscillatory
. . . . . Low to Low to
Vortex Precession 8:1to 25:1 Medium Medium Medium Medium
Ultrasonic Transit Time 10:1 to 40:1 Medium | Low to High | Low to High Low
. . . . . Medium to Medium to
Turbine 10:1 to 50:1 Medium | Low to High High High
. Low to
Varaible Area 5:1to 12:1 low . Low Low
Other Type Medium
. . Low to Medium to
Target 3:1t020:1 low Medium Low High
Positive 10t01 High High High High
Displacement g g g g
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Operating Pressure Viscosity Type Of
AT 1323 Cost Loss Effect NEYDE SN Measurement
Concentric (Square .
Edged) Orifice | Mediumto | ppiop) High 10,000 Square Root
High Volumetric
Plate
Segmental Wedge Low to . . Square Root
Orifice Plate Medium Medium High =300 Volumetric
Venturi Tube Low Low High >75,000 Square RO.Ot
Volumetric
Differential
Pressure
Flow Nozzle Medium Medium High >75,000 Square RO.Ot
Volumetric
Pitot Tube Medium | Very low High >100,000 Square Root
Y & ’ Volumetric
Elbow Medium | Verylow | High 10,000 Square Root
Volumetric
.. Low to Linear Mass
Coriolis Type High Low None None Volumetric
Mass Th 1 L Logrithmi
erma ow to ogrithmic
Dispersion Medium Low None None Mass
Vortex Shedding Medium Medium Medium >10,000 Linear .
Volumetric
Oscillatory
Vortex Precession Medium Medium Medium >10,000 Lincar .
Volumetric
Ultrasonic Transit Time Low Low None None Linear Mgss
Volumetric
Turbine Medium High Medium 10000 Linear.
Volumetric
Varaible Area Medium Medium Medium None Linear .
Other Type Volumetric
Target Medium Medium Medium >100 Square RO.Ot
Volumetric
Positive . . . Linear
Displacement Medium High High None Volumetric
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Flowmeter Type Signal Sizes End Connections
Concentric (Square Analqg > 1" - Determined by Mounts between
Edged) Orifice Electronic or ine size flanges
Plate Pneumatic pIp g
Segmental Wedge Analqg >5" - Determined by Mounts between
Orifice Plate Electronic or ipe siz flanges
Pneumatic pipe size £¢
Analog
Venturi Tube Electronic or >2" Flanged
Differential Pneumatic
Pressure
Analog
Flow Nozzle Electronic or 2" to 48" Flanged or mougted
. between connections
Pneumatic
Analog
Pitot Tube Electronic or >3" Insert Probe
Pneumatic
Analog >2" - Determined b Mountsin 90" pipe
Elbow Electronic or N Y Y pip
. pipe size Elbow
Pneumatic
Coriolis Type None 1/16" to 6" Threaded or Flanged
Mass b i
T erma None 1/8"to 10" Threaded or Flanged
Dispersion
1/2" to 8", larger Flanged,threaded,
Frequency or sizes wafer or insert,also can
Vortex Shedding analog available(sampling be used as bypass
) electronic and bypass type meter around mainline
Oscillatory available) orifice
Frequency or
Vortex Precession analog 1/2" thru 12" Flanged
electronic
analog
Ultrasonic Transit Time electronic or >0.5" Flen‘ged(cla.mp-on
. design available)
digital
Up to 24"(Sampling
Frequency or type available)-also
Turbine analog used as bypass meter Flanged,threaded
electronic around mainline
orifice
Analo Up to 3", also used as
. 8 bypass meter around Female Pipe threaded
Varaible Area Electronic or o .
Other Type Preumatic a mainline orifice for or flanged
larger pipe sizes
Analqg up to 8" (Sampling Flanged,threaded
Target Electronic or . ’ ?
. types available) flared tubes
Pneumatic
Positive Pulse or
. analog >12" Flanged,threaded
Displacement .
electronic
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Straight Piin Sensitivity To
Flowmeter Type gl ping Installation Performance Stability
Requirements
Effects
Concentric (Square 10D to 40D-UP 2D to 6D . Performance Affected by Edge
Edged) Orifice High
Down and Tap Wear
Plate
Segmental Wedge 5D to 30D-UP 2D to 5D
Orifice Plate Down Low GOOD
Upstream Runs Shorter Than
Venturi Tube OP by Factor 2-9Times-5 to Low GOOD
Differential 20
Pressure
Flow Nozzle 10D to 40D-UP 2D to 6D Medium GOOD
Down
Pitot Tube 20to 30 HxK *xx
Elbow 30 HrK wxE
Coriolis Type None None GOOD
Mass Thermal Performance Affected by severe
. . 10 to 20D-UP Medium to High Build-up on Sensor for
Dispersion .
Immersion Types
Vortex Shedding | 0P 1 40D-UP 2D to 6D High GOOD
Down
Oscillatory
Vortex Precession 10D to 40D-UP 2D to 6D High GOOD
Down
Ultrasonic Transit Time 3D t0 40D-UP 2D to 6D High GOOD
Down
Turbine 10D to 40D-UP 2D to 6D Hich Performance Affected by Wear of
Down g Bearings & other Parameters
Varaible Area None None GOOD
Other Type
10D to 40D-UP 2D to 6D . Performance Affected by Wear of
Target High
Down Target
Positive None ks .

Displacement
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Flowmeter Type Advantages
Concentric (Square Ease of Installation - Uses one Transmitter Regardless of Pipe Size - Wide
Edged) Orifice Variety of Types and Material Available - Versions Available that do not
Plate Requires Power
Seemental Wedee Ease of Installation - Uses one Transmitter Regardless of Pipe Size - Wide
em & Variety of Types and Material Available - Versions Available that do not
Orifice Plate .
Requires Power
Venturi Tube Low Permanent Loss - Uses One Transmitter Regardless of Pipe Size
Differential
Pressure
Flow Nozzle Low Permanent Loss - Uses One Transmitter Regardles of Pipe Size - Good for
high velocity fluids; Handles dirty fluids better than orifice plate
Pitot Tube Uses One Transmitter Regardless of Pipe Size - Averaging Types Available
Easy ti Install - Uses One Transmitter Regardless of Pipe Size - Can be Bi-
Elbow directional by Using 45" Tap Location - Minimum Upsream Piping
Requirements
No moving parts - Unaffected by changes in: temperature, pressure, density,
Coriolis Type viscosity, and flow profile - Measures Mass Flow Directly - Can Handle Very
Difficult Applications
Mass
Thermg l Measure Mass Flow Directly - Good for Low Velocity Gas Measurement
Dispersion
Vortex Shedding No Moving Parts - Suitable for Wlde Variety of Fluids - Excelent Combination
of Price and Performance
Oscillatory
Vortex Precession No Moving Parts - Ideal for Corrosive and Difficult Gases
Ultrasonic Transit Time Non-Intrusive - Handle larg.e pipe sizes- Clamp—on available - No Flow
Obstruction -Can be Directional -
Good Operating Range - Easy to Install and Maintain - Very Low Flow Rate
Turbine Design Available - Small in Size - Lightweight - Some Versions do not Require
External Power
. Somewhat Seif-Cleaning - Direct Indicating - No Power Required - Minimum
Varaible Area . . . . . .
Other Type Piping Requirements - Versions Available with Plastic Liners
Target No Moving Parts - Good for Hot , Tarry and Sediment Bearing Fluids
Positive Good for Custody Transfer, Batching, Blending- Simplest Versions do not
Displacement Require Electric Power- Very Little Straight Upstream Pipe Required
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Flowmeter Type Disadvantages
Concentric (Square Limited Range-Pressure and/or Temp. Compensation May be Required
Edged) Orifice Plate & p- P Y 4
Segmental Wedge . .
Orifice Plate Pressure and/or Temp. Compensation May be Required
Can be unwieldy and difficult to install due to size - Pressure and/or Temp.
Venturi Tube Compensation May be Required - Big and Heavey Especially in Larger Pipe
Differential Sizes
Pressure Difficult to remove for inspection and cleaning - Pressure and/or Temp.
Flow Nozzle Compensation May be Required - Lack Extensive Data Compared to Orifice
Plates - Calibration Recommended for Optimum Performance
. Does not Sample Full Sream - Low Differential Pressure for Given Flow
Pitot Tube
Rate
Not Good for Low Flow Velocity - Low Differential Pressure for Given
Elbow
Flow Rate
Coriolis Type Sensitive to Vibration - Not suitable for large pipe sizes-Entrained Air May
yp Cause Problems - Be Careful with 2 Phase Flow
Mass
. . May Need To Provide Compensation for Wide TEMP. Ranges - Affected by
Thermal Dispersion . . .
Coating - Some Designs are Fragile
Vortex Shedding Vibration can affect accuracy - Lacks industry approvals
Oscillatory
Vortex Precession Vibration can affect accuracy - Lacks industry approvals
Ultrasonic Transit Time Sensitive to swirl
Turbine Require Care when Used in Varying Flow Rate Applications.
. Fluids Under 3cp - Requires Accessories for Data Transmission - Must be
Varaible Area . . ..
Other Type Vertically Mounted - Requires Minimum Back Pressure
Target Limited Range
Subject to Mechanical Wear - Require Periodic Proving - Sensitive to Dirt
Positive Displacement and may Require Upstream Filter - May RequireSpecial Installation Care -
Larger Sizes are Excessive in Size and Weight
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Gas Flow Meter Setup

== Gas Flow Meter Setup

@ Welcome to the Gas Flow Meter installation program.
=

Setup cannot install system files or update shared files if theyw are in use.
Before proceeding, we recommend that vou close any applications vou may
be running.

Exit Setup

Ghds amto OK 4aSs (695 » KIS Lty > 050 (] o.LJV\/.VJK_i); S shilen

7= Gas Flow Meter Setup

Beoin the installation by clicking the butkon below,

ick this button to install Gas Flow Meter software ko the specified
stination directory.

Z:\Program Files\Project 1), Change Directory

Exit Setup
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Gas Flow Meter Setup

Gas Flow Meter Setup was completed successfully,
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[(3 Calculation Specifications of the Gases . =k

Psendo-critical Properties of Gases

If the gas composition is not available, the below comelation can be used to
determnine the pseudo-critical properties ofthe gases.

| Tpe= 1602+ 3405 % 4, — 74 = v}

= 2
P =756.8 - 131 X y,— 3.6x 3,

In above correlations, vg is gas specific grawvity. Pressures and termperatures are in

psia and °R. resp ectivel 7.

Pseudo - reduced temperature and Pseudo — reduced pressure
Tw=T/¢ T
Pp=F /Fp

Determining the Z factors by Dranc hak — Abu Kassem Method

z=1+ [141+A‘* A LA

=y

e

Fis T.IW'Z TW“ T.IW'S s Fis
AT 20 + AL 40,7 Bl 4,0,
F Fa
Where

P
=0277—F
Fpn 71 78 ]

A4 =0.3265 A =-107 A4 =-05339 4 =0.01569
A =-005165 4 =05475 A4 =-07361 .4 =0184
4 =0.1056 A,=06134 A4, =0.7210

The range of applicability is 0.2 £ Ppr< 30 for 1.0 < Tpr = 3.0 and
Ppr<1.0for0.7 < Tpr<1.0.
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The eguation te determine the gas velocity in a pipeline is obtained as
follows:

Us=Gs/iA
Where
Us = gas velocity at any section
Gls = gas flow rate at any section
A= cross sectional area

At steady state: Qb x pb=Qs % ps

And
pP=P=MIiZxRxT)

Pk =base pressure, 14.7 psia

Th = base temperature, 520 oR
Zb = base compressibility, 1

Seo

Us=0.00144 x Qb x Z x TFIP{ D2

Us = gas velocity at any section, ftfsec

Gls = gas flow rate at any section, ftthr

P = pressure at any section, psia

Tf =flowing gas temperature, oR

Z = gas compressikility factor at any section
D = pipeline inside diameter, inches

d5) 55 58 G aulme o amio AVY S

Reference e 35 ¥
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[1] http-//www_processcontrolscorp. com/index_htm

[2] http:/ /www_omega_com/info_html

[3] http: / /weww_flowresearch.com
[4] http:/ /www_coleparmer co_uk/index_asp?index=home

. [5] D.W_Spitzer. Editor-"Flow Measurement” . Practical Guides for Measurement and
. Control, 15A4-The Instrumentation.System.and Automation Society. 2001
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= Flowmeter

| USACEEXAMPLES

Iost gas, water, steem, and air applications are easly metered by
onifice plates.

Orifices such as the one above left, made of bronze, and below left,
made of bronze and cast iron. can be uzed to meter uhe oi cocling
water systems, and compressed air flow,

The two ontfice metess below are made of stainless steel and are
specially designed to handle corrosive materials, such as strong acids
and hases.

" Pitat tube " Flow nozzles

 Wentun Tube " Elbow Meter

Differential Pressure ¢ 3 L;Lac’wqug: C\ SAOY IS

Input Flow Meter Data sy

fjgbjoﬁ%ﬁjéﬁjgjq‘ﬁomu@’jMbwuoé‘éuéjsbjb‘ukyfﬁ)‘f‘rf&p(&u
53 &S 555 e, Input Flow Meter Data aaSs (55, ,» SIS L ccd

S el s (i a5 i 1 O o5 @ Ol5 0 Sl o3 el ol esls DL ARY S
o e 53 3 sn sl andls Sleslinal LG das e 15l e 5 | dles Sleghes ales 1S
S| amis a3 g LS S [y Sl eilin i 3 Olos & Jsgome gz 23 ¢80
28 by Sen oS Sleogar ol s 005 S B s g g SlDl gl 5L 35

WAL o sl e el 5l osls)\j,é\rfq\xg\); sl

S Slo gt 0



Yo7 )jﬁg&z\)\)ﬁl¢;6>ﬂ)ﬁéwljdjx

338 aa O (555 LS sl 513 S Gl e e @

AU el wls )\j'.é\rj_', Bl o g JLs ey 4 by e Dledbl 3555 Cand s
el 03 S350y 5 e Slsdle 5l 5o las 5505 1) il ladls b (63555 oDl Ll i
il sladsly 53 $ose SE Olr S e e il gl il sdalie OSGl o3Y sl
Cawd) (FP) (s Lid o b o bl o Lol i 5o 528 Sl o3 5 Pl oo el (00
sy cwnd) FT) pbs oo ((OYV psia sylbial Sl 4 psia co 5 Slles LS
o g (1/Z2) (s 5, oS5 s ooy R v 5 Slles glos 4 OV'R 5 ke
o2 5 a8l tals Hlas sl als glos (ol SLis Sl les Jan [l 550 58 (il
3,503 3 5m al 5Ld 5 YU LS Ol o3 sdees (pizman 5 O SndkeS)s

Sl gl sk o3 Sy o ki 055 35l 5l e (Rangeability) (¢ ,So3lll o3 s>
ool 23 1l S e Sl s e oS sl Sl el g Seslil LB 3le s B
e (Olewl 58 @S 5 ol i3 k) Jiad b ds s A s S s Shee (55 L a8
Doz 45 )8 Jan g 8 Bl 03 038 515 b s b 51l s ey SLe 0
YU [Led (6,831l 63 sdoms dsloes <=|_L'é| )\J-MD.} (Sl 3kl Lol i il el s
S olwl 5l Ll ol )18 Jaw g ol a5l 5LEs Ll s s 4 uS s (Rangeability(MHP))
b LS Ll 5 51 VL Sl eld paad (S 65l o o303 VL lde jLas ) Ul
G Sl 03 sdms b Sy e S o o3litul xS Gorate alss gl OF 5l S ol
b ool Hademe s VLS (6,565l 63 sdme d oS (Rangeability(MLP)) 0l 5L
bl 53 Lb 58 LES) Ll ol 0SS Dl 5 (el SESLES s d andls
(.:yi‘ja Jles!

Clodd sl 58 (ol s spllal e dal a g iSTas s 5 el 5 sdalis O
osliul 5428 JS b 3l el 5 ST o3 3 Ikl s syl Ll RS sl
LS o i S Cilises (glandls 5 5Lad  gles Tl b s 1l p 5 baw s Ol Jldie &S Conlods

)\Jﬁﬁ@@)‘ >)|Jul:...u\f.o.la_i\f:,)>)_5:,5 J;‘J&- L;J)‘J}.A C,..w\ GML,:.A JJGJJJ[S .h,wj:)



41.:..,..4‘5ufpyb)}wj))ﬁﬁ%ﬂjbujwl;})‘v\;m‘ j@-‘fJJJJJ;SL};\J}dJ

Y- 3PS | W B FRCS | S P B ] JCOUR VR L S

S oo Oblad dly i i Units aaSs (555 03,5 SIS L oS il o 03l )| 3 ledb|

w[AputData

Gas Physical Prope

Clean Gas v

0E

Gas Type

Gas Gravity

Environmental Pressure 14615

By e e s AVY IS s of 51 ol

nstrument Specifications ————————
I 3
Accuracy of full Scall I 1 %

Tpe (R) I /226
Ppc (Psia) | §76.3

Z (Compressibility)

Pipe Size (Inch)

Fp

1/ Z (Compressibility factor) I 1.0406

Total factor of meter

Gas Flow Specifications

Minimum Bound

Qactual ( CMh)

Hominal Maximum Bound

Flow Bound ISEMh j

| 7362

| 747 4 | 4684.25

QMax ( CMh)

Pressure Bound IPSIE j

| 025

| 250 | 00

QMin ( CMh) 3

Rangeability (MHP)

Temperature Bound IF

<< Main |

Gas Velocity

Next »>

ility (MLP)

Tpr 1.48
033
I 0961

Ft |1—

Ppr

W

I 18737
I 200,004

250

ft's =

Units |

w. Units
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x]

Temperature [C ] -20 to 50
Up to 25

Prezzure max [bar)

+3 % : OQmin<Q < 2Qmax
+2 % : 20min < Q < Omax

Accuracy

Flaw [m3dhr] 0.04 to &
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- Flow Meter Type

- Flow Meter Name

-Clean Gas

Application

- Dirty Gas
Application

- Minimum Accuracy
- Maximum
Accuracv

- Minimum
Ranaeabilitv

- Maximum
Ranaeability
- Initial Cost

- Installation Cost

- Maintenance Cost

- Operating Cost

- Pressure Loss
- Viscosity Effect
- Type Of
Measurement

- Signal

- Sensitivity To
Installation Effects

- Performance Stability
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f3 DMS Specification | =B S

The Lodge, Mansfield Road, Eastwood, Nottingham NG16 3AQ, Tel: 01773 534 555,Fax: 01773
534 666, http:/fwww.dmsltd.com, Email: sales@ dmsltd.com

+{-2.0% ( better than 0.5 % when used with “ 101" Totaliser )

+1-0.2%

-30 oC to + 120 oC

12 mbar at maximum quoted Flow rate | based on test pressure of 1 bar )

DMS =S5 IS Slasie AYY K3



= [airbane T iow Meter of DMS Company

CPT
cPTS0 oK |
cPTE0 oK
CPTI0 0K |
CPT150

GX o

DMS &S 4 Loy sl €81 sla Je 90 S

w ! NS Specification

Specihication :

DMNED 3 inch. Flanged Connection

Operation temperature range:
gas temperature: <10°C up 1o +60°C |
amblent temperature: =20°C up to +70°C

Aovadable Models Flow 1ate [mil/e)

EOZ100/065 13 - 160
EQF 100/ G100 15 - 250
EOZ100/Q160 20 - 400
EQZ100/0250 25 - 650

DMS 5, SEQZ T Sloo gt AFY SKS
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[V]  http://www.processcontrolscorp.com/index.htm

[Y] http://www.omega.com
[¥]  http://www.flowresearch.com

[¥]  http://www.coleparmer.co.uk/index.asp?index=home

[0] D.W.Spitzer,Editor-"Flow Measurement" , Practical Guides for Measurement

and Control, ISA-The Instrumentation,System,and Automation Society,Y+ ).
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a sonic speed of gas {(ms—')

Ay area of hole (m?)

A area of cross-section of pipeline (m?)

Co empirical discharge coefficient, for subsonic
of Reynold number larger than 30,000,
Cp = 0.61. for other situations with Cy = 1

d hole diameter {m}

n pipeline diameter (m)

I3 friction factor

TF  friction force (= 2i2dlL/ D) (N)

> mass flux (kgm~2s71)

h enthalpy of gas (k] kg™')

L length from regulation valve to the hole (km)

Le equivalent length of pipeline (km)

Fill gas mass (kg)

M maolecular weight (kg kmol~!)

Ma  Mach number

k heat capacity ratio (cpicy)

P pressure (Pa)

0 release rate (kgs™!)

R constant of gas (Pam® mol™ K1)

t time (s)

T temperature (K)

u velocity of gas (ms™!)
IV volume of pipeline (m?)
Z compressibility factor
Greek svinbols

£ roughness of pipeline
i viscosity of gas (Pas)

o density of gas (kgm™?)

Subiscripts

0 steady state

1 initial point

2 point inside the pipeline
3 release point

a point in the atmosphere
av average

or critical

P pipeline

W whole

[‘f] (:?JA BES ol ealaal équ‘)lf.Y. O J&;

atmosphere

rupture hole
Pa 1 T’ ) p a

— .

initial point

Py Ty o0, p2

A
Y

Ay Flos 510k o2 5l Skl M0 S



YSY S8 S, e Ol e 15l 5 0 55

W "L":’L'LS‘ &.ﬁjjbﬂi )lf C_gj.>- 64.2.@ BEES ol u..ojs &:SL,L:;T sdjj Qj)) Ol—j;"
Aol S 5 L Sabbsl oL oS- dolas Cslodd (25 Gl S O sow OL
A o ey (OV-0) ;b illas psiago 5 (55 5

2 2
k+l, (RT), M (PP R) 4fL, . ov-0)
k (PT) RG\T, T ) D

1

LSJ")A"M‘) 6}»‘)bﬁg§&bﬁé‘ u.ij..o‘joby AJ‘}J JJL}.A J}kbﬁ‘f I_e L5j3 4\2_3‘))3

k+1

2
2M k[P ) [P )*
=CAP, [———|| 2| -| = (OA-0)
Q=CoArR ZRT, k-1 [sz [PJ

o 4.3‘9.&154 wjx_? Jib J.i&: @ 456_3\J.>L3 LLs CM.W.’)\ g C)'i‘ S 6‘;.’ J\.&Luj

S o

k
CPR =2 :(Lj (04-0)

P k+1
A.E_a\) )‘ Lf’J )U.E.o 9 on..: Li:;j.w UL.’.)?- c.l.«.:sl.’ L}"‘J’u )L\.:J )‘ J:VL’ Y LS‘dﬂ.E.: )L«lﬁ 49;;3[.«2:
SV PRI T
k+l

M 2 ) (5+-0)

= AP, |——k| —

Q=A, 2\/ZRT2 (k+1)

AT e s (OA-0) alaly 51 3 Ol s 3L Gl o 51 208 Y L3S 48055 50 o

Elose dube
S2p KU S gzmer ) b ppanl g L S S Y 4 cd Flose b oS s
ke WSl Sl b s e

S g i S8 g s ke Jsb s jlis e

5 ovs Sye Ol il CPR I a8 ¥ sahis SLis & il 5L cand & _alKia

Al o Sy (OA-0) alal,



\fa¥ S8 S, e Ol e 15l 5 0 55

A4 Juto
Yo Lyl Sl ol S e el sb ) a8 Al s e gl s Jis
L SSblsl b (B =P =P) o SIS s (S35 850 bll K3 5 o3 2l pa LY

g0 S OIS 0 3 IS0 4 p st se 5 (6551 dalan SS 4

udu+%+ZF =0

p (#\-0)
dh+udu=0
L3 alas G55 el s S0 il o ol ) Jsb s SWasl g o 4Kl 55 L
I Jewd
Y, =1+ﬂ|\/|ai2, Ma=g, a= kZﬂ (#Y-0)
2 a M
Lob (7-0)

B _Ma |Y, (5¥-0)
R Ma\Y,

Pr l\l\ji \/\T (50-0)
£

G=MaPp kM _Ma,p, kM _ 2M K T22—T1 2
ZRT, ZRT, ZR k-1(T, T, (7£-0)
JRE
338 o b3 el 4 e (OV-0) s G55 Loy, SO -
2
kel (MY ) o L L) 4l (5V-0)
2 Ma,Y, Ma, Ma, D

UL.’.J" c.)..&rl; JL:) Ajjj Q)ﬁj[_}))b BL. JL;}_‘B Q\M)ML:ML}_%S o)Uu\A.:ﬂdjj J)Jé alfj.h

w\&bffl\/la ;,Jb— ‘)J W\OMJ&M.)GJ‘J«@M)L)JW-‘MJ}JQ})J

L Son A b5 S S e Flge RS aS sla L3 tsu s eld ) e 53
S Oasle Ayl O 58 oL >~ Jf\ 2 G [C U PR YL &bl sl s

Bl o 03l b s o Bl5 a3l (658 Ol 2L



Y5¥ S8 S, e Ol e 15l 5 0 55

Ehsm > Fe 54 > O 093k 0L~

el S Floge 53 5 O3l A 0555 0Lz diBL 15 5 kel 0 o8 s

P >PMa, |21

. +1 (A-0)
% _cPR

P

2
P LS;M),_, OFB wlal 5 55l e aslss (£4-0) dal, KSu 38 o e ol
Lol gl Al shade a5l )50

c-Ap kM£2 & Ma P ap | <M (74-0)
A\ ZRT, k+1 ZRT,

iy 25 o3 L ilee Vo gabadi sl el 5 05 (?O—O)L (FY-0) Opzman ¥ ) blE s (galal,y

g
k 1
2 A*l 2 2 471
P=| = P T.=| —=|T = = (V+-0)
: (k+l) z ’ (k+lj » Ps (k+1j =

Elosw 44 55 O 4o 093k 0L

sl o o 53 5 sale g 050 OL L ASL 1B 5 Ll 5 o e

P, > PMa, 2Y,

*1 (V\-0)
P
T2 >CPR

2
bl ol Al ahade a5l ()5

2/k k+1/k
G:ip2 M_2k MR} _[R = Ma,P, kﬂ:l\/lazp2 M vr-0)
A *\|ZRT, k-1 P, ZRT, ZRT,

P k—1/k P 1k
P=P, T-= (F] T.. Py =[;"j Py (ve-0)

2 2

P13 b Ll 55 (295 (25 o g

S o aily Il s il e Sl Sl 8 Ol e 8l e LS slads



Y5O S8 S, e Ol e 15l 5 0 55

Ll Golesl BB aS 550 e sl b SLS w550 50 (5l s il S S s Sk
w‘ BE) J\SL;O waLS‘U@JJA k?-djb DL, )L\;«ﬁ j]“i\ )‘jou\.&w&c:uj:‘ Q)}.ﬁdu dl{‘;"

Su0s 0k 5l sl B3 el b plae o 2 oo I

Q(t)=-V, d/;_t(t) (V¥-0)

b Ol 31 A sl 5o e Dby 513 Flp 03 b S| e Sl
s e o8 pa L o 28 Lot Uk 5o [Lid aS | m S e 1y B s Os3be Coons 4
Gthols (P[P =CPR & sz o 55 Sl Sos 053l 4 S50 5 0L Conle i 353
S3o 0Lz 5o 35 e 0l () Sl Ol 0L 2 Conle i 5 2ol Ol s  Sle
Lpd e dawle 3 ISE 4 (VE-0) 53 (Pr-0) (1AL Loadasd s 55 0L > sla el 5L

PO Lo, W feqy

PO
Pp(t) _ [g (t)}z/(k’l) ’ Q()=Q, [g (t):l(k+1)/(k—1)
m(t)=m, [1_g(t)z/(k-1)} g(t):(1+at)_1 (Vo-0)
g k=)
2m,

S pd g dalmn 5 S 4 i Sl 0L

cr

| ]

i -1

a|l(k+1) /7" i (V$-0)
[( %} (P, /P )

(k=1)/k (k=1)/k 1% 5(k=1)/k
d_P:_@p@—k)/zk[P s

Tt eemtT )




Ys§ S8 S, e Ol e 15l 5 0 55

8\,@ 9.0

[1] John D.Anderson, Jr,” Modern Compressible Flow”, 2™ edition, Mc-Graw-Hill, 1990.
[2]  Yunus A. Cengel, John M. Cimbala,”Fluid Mechanics: Fundamentals and Applications”,1*
edition, McGraw-Hill,2006.

[3]1 Young-Do Jo, Bum Jong Ahn,” A simple model for the release rate of hazardous gas from a hole
on high-pressure pipelines”,Journal of Hazardous Materials A97 (2003), 31-46.

[4] Dong Yuhu,Gao Huilin, Ahou Jing’en, Feng Yaorong,”Mathematical modeling of gas release
through holes in pipelines”, Chemical Engineering Journal 92 (2003), 237-241

[5] Nourollahi. Ehsan, “Simulation of gas pipeline leakage using characteristics method .



9 13 lajlicew 9 bl aS gy oS 8

W ‘\5\)‘ u’ﬁlﬁ.n; L?’)L’

35 S ey b usbe b odlae s 50 ansdS Jle bady cpl 5 s 8 e Gl ke

Tl slas KaS a b 38 Wy bl 55 LIS 0L ileand @
Yo - R . N
Sl bl St Sledde Gl 2s) 2 a0 @

Ji-s d)tpm)l;ﬁm.u ;.:J'.:.}l:Mb O‘i‘ B ,L.I,Ldo OB 8D vJLn.:E}J slas;slis peY

lods S11 ST i 53 ol 70 S s S )
Ol s Ol 5 28 0 ladlantl (6550 oo s o @
Sl wbli glaers ladde Gla sy 2 Sose @
Ol ) 55 Bl 38 €80 Gladkisle 655 S joos bl iy V.5

S o3 38 S Gbolele 655 (G men Slaens b Jad o Llods &1, aslsl 5 &S ladsoll

.Cﬂw‘@ﬁ)‘ﬁw)ﬁj@qJ)yQT@ujoMJ\)fﬁQSfﬁcjbu&gwcae—)J

ASME 2010 5 o ail, ™

b 38 w5 s JUl ) bl o518 Chlis (g3luaig Mallnm pLES Gl s el il ™



YSA o.J\...::45‘)‘Qyua‘}j-)l;-j&‘béu)w‘}uw‘ﬁ)bdﬁ

S 38 =

liwied olind 31 8 4 ing 1 559 Ve

,up;u/":,a, 2]

sladlamle @i 5 ¢ juon
Bl ) g5 Olaat 3 <8

\WAA OLT

e G 55

. 5
,r,I'Jou/',:f, 1]

S35 B a8 ldings o] 5 (Slanidiia
83 RN
la ozl 397 ga s 3

ﬁSjj‘ d;ﬂ.ﬁ uf&‘;)}dlﬁashj‘gﬂ)j;ﬁ'
S350 (B pan falS clia slayl el wilsal




Y54 o Syl SV 5 sl 5 s sla a5 bl i s OS5

;\/""! -_rJ_.U

K %
o h"

$359 D pas (g3 luidiag) Cund! 53 ghdonis Y.

‘r’:JQ"{{’ (1]

S5 alin 3 (oiihia g Cone yd 030 Uy Zalen dane 95 3 (SNl Ay ot gaficn DI 41 5 g2y
Lab g coseaz a5l (3526 iyy a0 4z 1 5938 33 (olaznd y o3bual il 0 2w .
235 Olaz & sladsy T 13 (65 ) prlin <9 puan 201 50

$3 ) e ding pub 9 Caae pobi o5bizal (S5 j¥3 3 )lla B VL 3 gut>- p3 (T gl aaal a5y
1928 p

3355 P Olgr Cumer 1 dio 3 Ky 399 08516 Dl 100 (25 S0 03391 3 1 14 D puan

g B pan ady e gz 18 51 0 Ol 3§30 O puan a3

Y/

ol F ]
;f:vl'/":’l y

-

L | eS|
[ e N\ L
SR s )l
\ s,y ) - "

AN of < \ /
| el || oSame |

ar /



YV oJu.::43‘)‘Qyudjf)b-jg}‘béu)w‘)uw‘ﬁ)b&ﬁ

-‘,\J""g"_‘rﬁ

s,
ay

%

ﬁvfé

A et ]
v

< J-{ ol ©
&5l S Ladd jlgz O
Bty ©
S a6 34y ©
38 05l 93 Bl pas

o
Ghge bdes olidgy O
bzl by Oldie 1S sluws ©

3350 JYer el e

B A
,r;:JdJ/'/ngfu
T

&l s S b adbys O
B2 EsE s O
S gale oty O
&8 0 jlhor S5 Waaia O
g Bdas lidg, O
bzl by Oldie 1S sluws ©

3352 Y puerl e




YV o.J\...::45‘)‘Qyua‘}j-)l;-j&‘béu)w‘}uw‘ﬁ)bdﬁ

‘_V\-,\s-_g_. .

i %
=l ©

i\Y@_

iri. [
;f:-'vllf":’l ]

Ay gl Glesls @
&3l s S badb aw O
Qe Ve lyys 0
Eil o lun galaniad O
(g Bukas JliSg; O
bzl by Oldie 1S sluws ©

3359 SBYYD Gl yo

‘_V\-,\s-_g_. .

i %
4 "

i\Yh_

i b
it ...;.,«.ﬁu
‘et T

B i 3o e g gal Qlazsle @
‘5)‘3“5}!}1{‘!@’3 O
Britrlyy @

&8 0 jlhor S5 Waaia O
(Sige Bdas LSy, O
bzl by Oldie 1S sluws ©

3950 A Guelp



YVY oJu.::43‘)‘Qyudjf-)b-jé}‘béu)hwjuw‘ﬁ)bdﬁ

-‘,\J""g‘-‘rﬁ

o

\\/”

,r’l'.ldl/'/ s
T

s,
ay

U\:IJJ.‘T Jasls @
&l S baihk & O
Qr YTl 0
S gle gy O
&8 0 jlher S5 Waaia O
(5ge Bdas glisg; O
bzl by Oluie 1S sluws ©

o ¥ s

o ‘ Ty

g Y
R

.

B A
,r;l'Jdl//.efn
T

_ N Slasle @
L syl sl b adb 9 O
B oAb lypy O
e Gl dsy ©

&8 0 jlher S5 Waaia O
(i Bdas LSy, O
bzl by Oluie S sluws ©

3350 SAYY Gl e



YVYy o.J\...::45‘)‘Qywjf)bjk‘béu)hwjuw‘ﬁ)bdﬁ

-_V\3\§'_FJ_. .

g

Ve

iri. [
J ’I--'vl'/:‘:’l ]

C.'JLGL@.‘E" J\!Uj db}'&u) Qlasle ©
-\.E.JaJJ
2o 7 WEe Lyyj
I ke Ay
S 78 0 jlhor S5 Wnas,a
wlaziy 5 lige (lissy
luzad by Oliin 1S slass

3339 ABNTB el yo
‘ 114

-_V\3\§'_FJ_. .

g

(aslaisl 4l dailone Y.
i :U‘I'Jd'/:..::l%]
‘ PLIEBL

S E—
| |

38 354 L s

‘ Jlss =




" ol 8, Ve 5 sl s glaloams 5 La il S s oS L

o ¥ s
SJ'. -:‘.‘:1:
by oylaidl Jb daslone \/"
:reri_.)J/:.::.AZM

BFHEDEE X PO - -EM avE T

Camier ,1;i.,; ®

‘Space Wsogn OFFICE: Olfica Space =
L O T T ] (R ——|
DARequemeni 2[00 T |

[ o5 ] Cowed | B

Y

‘3 &
.KWL_A-.:-J.: dfﬁ‘@e-’"é"’ﬁ)lf
= Column?
® ColumnY




Yo o Syl SV 5 sl 5 s sla a5 bl i s OS5

oI S
i %
4 &
______ A\

ol F ]
;f:vl'/":’l y

,.‘j s Jlg.:.,_l_ﬁ \‘.I.".

|
L gl

)




Yv¢#

o Syl SV 5 sl 5 s sla a5 bl i s OS5

(21938 83 29 59152 33k 3 ookt /"

Art gl £ il
rl’vlfr..:l y

.Jl.-nq.:.ﬁ-.:-ﬁa.l.'.'.{t_.ﬂjaﬁﬁ alf.l.:sj‘d:o-}hc..:fjl:al}j

B pyrdd s Lays Py
Bl oK 5o ads | o gadd 3 A dy3 BT

3 g% kg sl 'Y O yums

Bl o s a2 3 e ol 51 g5 2tS5l Ol
B st3rdi e Lo

-

Bl K 3 ks i e 534 03 B

¥



vy o Syl SV 5 sl 5 s sla a5 bl i s OS5

UPVC ol Lo fan ¢ slae yous 3f eoliiu ;'?h v

ffJ |/ ...-’l Iy

.Lf’.)’:“jﬂ""ﬁ)-’
B Sl oS 55 0k o g 4,0 (634 dy3 &S

.&nwxaﬂdfﬂalf.le)Jﬂ ﬂof&:fjlebl}j

1A

W el Lajs

Bl K 5o ads pemdd o 54 U3 &5




YVA o Syl SV 5 sl 5 s sla a5 bl i s OS5

o 38 =5
" 7 “‘-(_‘.
J v
"b wady 90 J' oolilut L\Y’A
‘f’.q;,"/:_‘:" "Iy

B =i e Lays

B serdd e Lo 5o
Bl K o ekl g 60 3 A Jg3 KE

.&lwﬁaﬂdﬂpafksJ"&-}hufjlgabj




Ywa o Syl SV 5 sl 5 s sla a5 bl i s OS5

‘_u\-,u' —‘a—';,

g
Bl e

(g 2N ¥l publise Cultl agsi Y

Art gl £ il
rl’vlfr..:l y

B o o
Bl oK 55 ks g 46,0 g3 A g3 KF
.&-wﬁaﬂdﬂagij"db_}B&:fjl{Obj

¥y

; ('M‘ )‘ﬁ“"@%
D oo pf sldguwl b lgaol  augse ;\Yf;

.&lwﬁaﬂdfﬂ alf.l.:.}j‘ &-}bufjlebbj

B yndds by

Y



YAs ods £l Ve 5 sl 5 s Glaslaen 5 sl 2S5 oS 3

S50 D pas i lS wulin glo 4Tl y Lot

gjﬁ(.'.'.l)‘)’m;__u_)‘é ]

H:AWXUW+ARXUR+AGXUG XRG+ADXUD+AWB XUWB

C;bcqﬁ)pqﬁiﬂ‘7iré ®

H= ¥ UA

_)—LALC

S35 b pan b lS wualio glo ol y leiit

s T
WIK WIK
XYA~ ¥+AD

vy YYYY

Yoy




YAY ods £l Ve 5 sl 5 s Glaslaen 5 sl 2S5 oS 3

& o5

K e #“‘Jﬂ.
4 %
&35 O yan il wuuilio gla (0 y ol Y
acm s Y/d cm 3l OB a9 o gllas CS>
Smd Sayaiadeny || i gy e UPVC 4 oo, 55 o Olazsla
¢
o3
gl vy,
J Y
S 20 oleidrlu (55 38 I pan gl uilio gl S0, \V

- i (Db z) 430

sty (KJ) 8Uk O pas D s $)lodied A3y

Y, ¥aY, 4. 2 G sbale i eslizl
? v

LA Y88,45 0,8 Wl
Zxja YA AN o v s £,5FF,F v+ th 23 ol sale jl aslizd
FAVAY TY, 487,000 Y3, F5Y, YA UPVC e 51 esla
Lajrs WA AT e ee - 05 Ay sl oo slas oo
LAl YYY,Fae v aa,4- S
Lrive (LT DT VL,5Y 0,00 L ol g G

o
LYY ASAVIV,YeR AVAAN5, 80 (sl Blajes dlas

Yy




YAY o Syl SV 5 sl 5 s sla a5 bl i s OS5

N v T v - i N )
acm Gle Y/d cm e U oo 938 oy o ghlae L
A gy ddasedy s (59 5 Adpuiely upvc i cewkiga (loasle
\ .

g G Ny,
gigs shaidlu 63031 B pae udlS uilio gla 5ol ;\?h
s

e 93 Jggiﬁf@f.@ .
% 5 b o w o] gﬂl‘g .- a
swtdes  (KJ) 6e 3 jenn () &5 a0 Silodtl Ao
~ F ARy A 5 a5l 5l aalizal
A ‘ﬂ, \‘, %\f‘,f!! J"‘u‘JJ"(S cule Jl 0
qux.'l
ZV!& "A,fv-,. e v’\v;,. -

rlg 2» U:-"!J" ‘_;Lh&\.ﬁ j' eslaal

UPVC slacti ;I eslizd

A A58, Fra ene Y, 1¥Y,Ya.

é s . .-
Z‘blf ‘W,F\'b,..a B f;d-"’“‘-;!)! J,b"‘bbr:ha

/a/eq AT § IR A, v ee k33 olys 3 aslizal
AL L1 FCU S LA 7 TR 25 02403 (5l 51 oalizul
Z\.IP ‘YA’A..,..u v,.lb,lli dﬂr:wyjlnau;al

z 4 ) ) To 1]
Ys 845, Y8, 15F 114,105,548 U g6y Bl e

¥4



YAY o..L..'I:45‘)‘QYL&A}L;?-)B-)L&‘DLSLA)UWJLA&‘}&SJDC,SJJ

ot i JJ-G_ 3

Cleilu (g9, b pas S wuilis gla 150, .
o390t Ve

Il ]
,rl'Jvu/;._r- )

4oy P s
< ﬁ@ ) 528 (KJ) s 3 JeeT

yis 1 W Yy, ¥ G35 oy 3 ealizud
Z‘Ia \vb,fﬁb’iab A,fbb,bbl J}“f{w‘jjl o.\u:-d!

(g 5) a9 38 8 JTYTS RENTE- T3

LW A AT 6 el Sl Jasl

Gleidl 6§ 53 b pae S wuuilio glo 450! 7
3% a gaainn 3 gof Vg

,f(J;.-/:.:J. C]

Ao 39 P s b
e (D) e D () 438 D s iladig Sy

Lsls VE,YAR, + o e Y4,vs. 2305 Sy 51 eslizul

Z‘If \A’WT,::. Afs e re '—.’)“"(‘f‘f"“h‘jl sl

NS NLEYee ARYEY il Slages dlasl




YA¥ ods £l Ve 5 sl 5 s Glaslaen 5 sl 2S5 oS 3

qoh 3% ™
.:;,_.{ “ -'\;
S35 D pan idlS uilie glb ey wloeii | ﬁ?@
BCM 55 Aluipy Gale Y10 om s gy anuiets Gole Olazsle o pllae
A il Tl

Ty

o Ly #20

i
y

i 3907 oilaidl 635 o pae it ulis gla ,L500, ‘34

Al ol £ s 1
!I’ulfr_.:s ]

s 50 P (P s

st (KI) 8UL 3 jene () a0 B s Sty Py

LAIA FY,XVE, v v ¥ ¥,80 » G sb@l Sl el
ll.h_,lx.\
Ly 8, Ad, 4+ LYY,V

..-'u 2 Sl gbile 5l eslal

ey Y5,88¥, 0 0o Aryeee $325 olyi 31 aslizd

ZFIT’ AP ALY YaFrtyrnn F{hdtl‘dh"{“'\"u"’i}':

e an
Lys Q4,884,800 Yo, 804, Y0s W%VM

Yy



YAD o Syl SV 5 sl 5 s sla a5 bl i s OS5

o Ly #20

K Ty
4 K
&35 pan LS wanilis gl (0 y ool Y.
‘.f’fj.;,"/:_‘:i' Iy
8CM (5 3, Adudely il6 Y16 em aiben ol ozl o glhae b~
Slae RSy DIy
Ye
qo 3 25
ol i

Y8 laislu (35 O pae LS ulio glaylFef, _@

Art gl £ il
rl’vlfr..:l ]

- 2 tsm 0 db ) ay 3 odioss
gsre  (KoglO,e  GWIOP O

ZAv/a VYA, Y+ o A SY e 2 ol sdle Sl eslinal
ll.h_,!x.'l
La!b ff,Mq’Q e f,"A',v* * rl‘{ ) L;J‘J‘" L;L.ljt‘.l‘ J' el

zalh TQWT’A. " ‘;" itk B3 JlJ" jl aslanal

A Y,085,Y LA DR o5 b s gy iy

TSN BVATAYS:  VSFISAC  layaly Blages dlas

Ya



YAS ods £l Ve 5 sl 5 s Glaslaen 5 sl 2S5 oS 3

o ,xﬁ %,

Y/d em ;e Y/d em ;s
acm pls o ghlaa Sl
X (533 Adadpdy s (89 5 Adudiely ) )
33 S Adadety i . Oy gy Slazsbs
sl -1
re
Py

e A ey
. 7]
%

o
A

O giur; laidl 535 O pas ialS wulis glal5el; 1§

ATl 7 s s
!I’ulfr_.:s ]

2 gswt e Rl ; ediee 8
(KJ) Ss O eno () a3 D jeas il B9

PALYES, v en 14,50, A - 2 )l gl 5l el
ll.h_,lx.\
‘,r‘,‘,*', LR R} V, \A > LR R rll.: J’ JJ!)’- L;LD‘;QLF J‘ ‘)u’:.‘!

“.,”.,!!! ""9,"’ (_G-J-'J,JJAJL,"J'I ealazl

‘oa’gfa,... \A"Fb,llb r{b_dt‘.ldhl-’d\lﬂ}l:

VAMABE e P il Blajes dlas!

Yy



YAV o Syl SV 5 sl 5 s sla a5 bl i s OS5

laoslaisl o Jhailiut g 399 g0 Curidg cad daslis

B3 S oKW e s Ozl s it el 3 eae 01y
B 5 ar Sy oKW e s Ol gl e 3 ae D15

Ya #,

Y- ige el PrY Sl WS L

S chlix GBgtnm Giludds slabyy 2 &yse T8

ezl 53 S s S sl ek I 5 5 JUsl ) bshs oulS Cblis (giluang
»Jsd.w\, Dl ol slaadll

358 il 18 S5 35 g3 589

ER g Silwdde Sl B9y 2 &) 4
Sl cbla-




YAA o.,\..f&G\)\C)‘yuﬂ}u};)u—j&bdu)%w)uu&bﬁjzcﬁgﬁ

g < é o
f Wi Gonih ;‘v&

dadis @

..rél"!) ‘S}L‘J“ .

i ol fy,

Jalaa JU..I H-uj)

3135 0 S0 2 & 3ludae
Ly S

3355 3w 8 Lol sl

\. /

ot 3 S
; 1" ‘ '.\:
e NG

."nj-‘;h".-‘,t‘--.

SLag pgke ) Loy s AT (Lasls S (s o Vs az;a LS @
ABgr (255w 5m 51 o) A

3551 Ol 3L Yo s all By APVA L 53 (£ s ania @

| 0vl

P S 39\ T3 slaiy 30
(gley? & felge NTVA

s
.,

g A
4o ﬁ"ﬁ

1 s s

Silwdlagll= @




YAQ a.l..::‘Gb‘Q‘yuﬂ‘)f)b-jdb-‘béu)w‘)uw‘ﬁ)bdﬁ

7 %""k.-
ts‘bl"!) LSJL"'J""" A\Yg‘
e ;u_-‘;-éyu
Bdy gl
oS
f T 1
convection diffusion migration

N.:Nl."ig NAiff | yeonv
edyipenedzafe N;=NE+ N +NS

Siwoldl g

Plas Jo 50 Jylads gous glo iy
[




Y8 Ve ‘Gb‘ Q‘yuﬂ}f)b-jtﬁl?-‘bdu)w‘)uw‘ﬂ)b C/SJJ

LR
[ dah )'M U"BJ . -ﬁv‘{‘y

oy SN
7 i ¥ 4"";‘6;
y t
- >
ole syl > \\/”
e o ,:,_: iy
trastion eunznt | traction current b
—_—
+ 4
| | substationt -mmﬁ
i mction curent | traction curreed By J
\ jﬂxymm }
.—? — —— —=
Traditional stray current situation for a railway.
traction mmmll traction rw:m!l:
—_— B
L 4
DC source load cusent S DC source ——
T traction curmrent I'y traction current Ty
underground ‘external’
Loplocemokl )
[ —_—— e ]
Equivalent electrical network used in the software.
£ ar,,

392 90 sl 1 91p »

Beasy e

Ol @uzsos guons 3 ezl b cilise 3bla Sr Ol di ) il bl @
O3 & Laa ) b ghas Olajan 3Lis Cbl @

Qe )V g Jor b la v jloslial @

g 0gys (S SN 00 o dauly Ll O auls LB @
Hlest Qb eyt g pilad laniT il lie bl @

3135 a0l 2 5 U Sl S jldds Sl @




Yq\ aJ.J:‘Gb‘Qy&}fjbj&‘bdu)%w)uw‘ﬁ)bdﬁ

S92 90 sla I Plp 9

5 ] s zﬁ “J"\.
o9 g0 sl PP 5 Yy

CatPro e

PUP P T I [ PSR X PRI .- W R PRGN I

Sl Ol godish b wT b slagis gjllis =l @

685 b B g 3| (U 0158 s SBOL 7 3lds S @
S 5 Sl ST e F I gl ol e

g 032 Oz 5l (ol il Sl o bl @

S o A JOFF 30N ls Lodls acilos cubild

392 90 5ol ¥l 5 =\

.
Tl e B
! st 1 e P
asiEy
ey L] Pl Pt O ) U0 s P o
S Poterta On <2 ORIV e —
ey S " s
o, S
oot 3 —
S Ty
H
13160 E
148t "
1t
2080 v
QOB e 3MEM e AMEe S7EE
erdLingn bx
st




Yqy a.l..::‘Gb‘Q‘yuﬂ‘)f)b-jdb-‘béu)w‘)uw‘ﬁ)bdﬁ

V.,S.-..r_.

92 g0 o, Blp 5 Vs

e
e

Coud Foterh D shibon o Raseds| r v S
™ s
7301 »
2o
| A
= somn
e asmEs
T e
—a: 44mEs
e
s
saaey
ssEn
osies 4z

2995 33 odmipbul sl

Koo

2955 39 oukipldt bcadled

S—:‘.
\ jé&




wbjjam)bfﬁbdﬁ}dbf\/

2S5 ek O e o glaass 3 Gl S 5 e SV S O
b 5 g SKedil 5 Lawss 5 el Olslo Sosls 5 3505, 5 Oa skl
Sarw g pae pl g3 &S CuS Olgia cjﬁ Wl 5l e 0SUS slaae; s Ol e
5w Sl O a5 Oty o el gl o3 glacr b 5 bl o b 5 5 Ik
a5 b Gy el 4Kyl e o 8L s K03 S ) amsls ol e
Shaml Js G sy Somed 303 L3S g amD 3 5 sl 5 e W s S
O35 5 5SS asls wdy lwly s lafays 05 Shadda Sl Jlsys (i Coeal
05,5 83,08 5 Wl o Ss5 ama BLil ol 3 sl S 5 W5 5 G Ol SIS
5Ll sylee cpl s OIS a 6,,%(..&“ plis | sladle Ul s &8 Ol cnl Olaass
S Caleds 158 5 5558 s Wle aes 0eSU VA Jle 5l a8 Jragh aws L Casledss
e 5 e AT b ol Buag s ol S0 g 3 85 ol plaload s
3 s Sa (pamen pdalst e badie) ol s Sdedds 5 Sdeel S gladal 1)
S lS W a0 Sl I Ged U Cl 20 O0SUS laesl st
058 el 5 (Soa b 5 alatl Ganw ol Bl < Ol se cnl ke 5 iasn las) sk

v&@wﬁwﬁw‘jd‘yw%ué\fwjjd\o.lﬁ]jwb

SR Ads 8 VY

G0l 5l sy s SIS e b Olosen ol (555l 5 iasn lasskies oKiles
r‘}&.@)‘ g_a.:..;JS wu\.’ J‘i-’;)‘;f)\j-“‘“:'JJJ kS)LQ)JjQLL.»)P db.w‘).} cLA)JTY9 C,.LL;J Yy
W6 e Dldla dd wses Ol Lde Slag "&uamﬁjm&xb (s~ sleaKans

A OBl o3l L Ol s Ol S8 S8 5 Ghagsy s buly cpes D3 dyled pl)



Yay oA ke 5> fBo 4 gl

Sl 58 oS8 glacdled Lo Las e 5 5 mbeo s o ke i eI sSS 5 sl
i glael Slides glac b Ools Gpm Sz hash s S obml e 5 Ol
Coao b L3l s Sueles 5 ) L 0T Slids bl o & OLpmils 5 ole
B dh e 035 pls a ol Ol e g oK1

OB S 3L gl 2 35 Ol mw ipsi 183 sl 43 ol (lae 151 5 Gilual 4 4> 5
AT Bl 5 SR 53 B Dledst A S e s |y e a5 i3 ik S 02
S S0 glacdl 5 bagT i b b e 5 58 Coo w3 Lt 585 5 Las sl
5 egbe gl s opl 4 Ol Ol 8 s, hag oS OS5 Bles Ol
5 Al b8 lhdS 05 iy g D3 Ol S agn slacs Sl
S5 Ol O g dils 1255

il €50 by B Goele 4,8 4 a5 KAV a5 58 50 5l ol Kled o5 555
Szt S e O1 oy ey Sae sl 5 el plal i Sl g Dl

L OLT sdes aSclis S wussl @, 51 YY NS cele 5l Sde ol s oBaesassl
S5 555 GBI 01y e Alul dlex 31 .disls o LSCES bs o8l aslal s OL soeiils 0l Kimis
S oSl iy (bt bt S5 BT lgal O e dgd oK o s el (6 20 5
GBT Glaal cuis 0usliils 38 JUinly o505 wdige 03,5 ke Sl owmme S5 BT lsal
L ol 53 BT 5 Olstlte 1S3 QBT e o 5 ol slgn 5l 08 e plowi S5
e (’U

5 Ay JRVL 5 58 S sls 035 il e s p e se 03 dslle SV
bshst 53 Sy Sl s 5 Ghleia e e (o st (nl 53 S e la 2ol
| aies onl 53 50 (6ol 5218 Ol e aher OF 515 A3 0Ly OL il 5 aSlul (5o 51 Jli!



Yao DRy At 5 by b oL

93 o\fsj\ ORI 83 A ,e N\Y

i

a&;’u‘b€f>uwl{‘)6ﬁﬁjf));géuijb‘}Lf’wfsbétﬂYVJ&;



Y5 OB A 53 by W Lo

==

k- P
I L e — I

ol &yl sla jra gy 5 58 S s a1 gl Y S



yay it ama ys by 4 ,e b,

e g | 1

i 11 s kMg § 00
o Fenih A gl
R s e e

e B i g i M Sl
et o e ) o 3
g s
b s aa
S firir phphidatt
P

Sy ama 3 el 1y szl OV .

-

¢ 5l oBus b py K



YaA Sy Ak > B 4 gl g

Wye 5 iagh s s ddid VL iash SKea AV S



vaq DAL as 3 s a8 ol

U9 AR 53 oS LS S slaas 24V I

OBk At 53 e diS S 5 glaas 2 Ve Y IS



" R s )y by ab e oL

R
laal 3550 55 lae (glgme b (ghsd g s Sl glaaie 5 Cldal L Oliwdsdle

JJ.J:L;« a.xig‘\’f“Ji..:j\\\/(}&.:):é.xi%f«jbljf\} &A}}_{j&ﬁb q,.:lw LSLAW)J

&L.ZT B ‘-;9‘).&& )j.lz.m&.s cJ).:\guﬁ u-:“"“}}l J;'ﬁb WU )\ JL.» V)\

ol 92 bl

Ry 428 Coalin 43
AA LY 1YY

L ST iy r“fg@

weiar Gy b 5y ol A el ioeas
P PPCCpPE S T PR I |
2 551y Sl (g8 5t 5 (wwwscuacin)

PERERS T AP |

1300 i 9103 ypkiod
Dzt 318 25 4 g 55 ol B3y e by
PRENE IR oy e
23 reb HS Lm) 3 (galenns slaanbiilyly
PPV RN T PR N PO
aabidlyly o dior Oln el 33 45 At plndt
PO S S W TV S A T

ke g9 shs 5% 1

G gl y 3o & Al g s g sidy 550 ot
ot A 5 2t Al oy St Ea
ALt 4y nls S Canias diin 3 Al
3 pthgt i et ) 50 Kbk a8
whdly sy Eagts Slad ek 5 an

. N b @ W ™)
joh 35 =g o . - xs olka
' o R
' ! & sl . WS b abgoen 53 b b e s gl
y AR sl g Olpazy dugd EE | dige
- ﬂ\ '4 www khgcro scmacir ‘5""5\;(’:’,2)&"‘:“"&" | o
i ek 38 gm appha gy e Ea Lol Gl Glga
i - FaealS b Ky y St Sl Ol S

S e s 5 O 5ER s sl dy 45 an gy
PUETIIOIS U 0 TR - (N
gl gn B2 gy
c,gmc.-_lﬁ,cqln_a,

Wity 55 Sligt S 8,0 Aaysy s
Oplien 3 duild Dy ety | an s 2 ggen
55 5m ot ety 3 ot B s pjren
ALy Eeat ailcey (ool 4 pludt
5 ) edihate AT 5 s glacSt)
3 it Ghap b b ol 3 s
Catr by o yn gl By ey (e

atesh 83 gai 3N

uwa_,mv-‘\{.'.m'_,u.hofuﬁ PR RPN L=
SFVLITYOVA - Sl
g Email: khgcro@scu.ac.ir e —
N y Lk J o Y

V=38 CS 8 Sy B e pdy Y S

\.

-
AN Maw ) [ b li
U'luT""'-'U'h"‘L'fh"" iy L igbm g il | 515 (3 gy paln [P L [ T J R  P
el g WL sile g Al . .
ling o 31 8 | 2agls oluic gl sl gl gy gl b2 £ | aps wcadleh AR alap 51 g gt
ol PRt o T 1y ag 50 b 0 dydem gla gl T [P PR - P M P
gy e Capm 8 lpanin coglis v 5 il i bl JUE oA gluca el b Cab o 6y L Ll 8 b oyl 0 LS
[ gkl s 16l B TIPS o 5 A el I s B e
8 el ot Lipl LT oy el 1801 d payd | g 66y
i G TL LT g a5L3 e 4y il Wl aa g 5 St T ) bl
PRSI FINPRENIE . e P R S-S
O I, P TR FUF NP T S - Lc.T.ls:, kg
. L |
5 I_.EST“'J m"_d wlis o ” J::i"":jll“ = c...l.:i-'ilt:‘ill-'iI " ul:h'l.:'
BT g IR T kil _J"L.L“.u-fl-‘l'd.r JI
3L ey 3 e cotlad 5 Laag L s gt 3 eyt WL Sl 3 o
Phpe allidel |y e 3 i L BT
o LN PRVEEIEF RN R
g 0 gl g Pkl ple e R . B
ol a1 gl g ele el gyl
Jl_..':.fEI.--‘-_.;J::'-IJJJJI!'
S Pl g n gl 1
R RV g L W
(kT gl ¥ 1pdp | ol
20 ikt L‘._flfjamlu.pﬂ_ndﬂﬂ R ER LRI | L LY - PR
LT e S claial b g b |y L1 g2 gl g e
il glacaliilly o ilygr g e S at i g Gl wilale glu A E |
horcdlel Ly iy i gy o000 455 I ey 3 plucediel g Loyl b Ly 3|
a8 Ty LAl e g I ki o el
By BT o dugl g mcadled L T,
28 1y walEal
o )\ o J\

V=38 S, hagh 8 bime sady N VY S




. oA )3 8w e ok

Clas plo 5 Sleds 758 5 Oldal c a6 e Sl gilises 5050 s 5 ne S
Sl L2 01 re b 2 5 o ol 42 Ol ot Ol S8 2S5 Ry 8 by
S 5l S s OBaSssl sl s 80 slasds s JSE 4 By b el el
sdalis gl 85 b L o lale Sl 1S 5 o gmdils (baasbOLL (Sl slap b als Koo
gl esls I 345 8 s Dldaddle

03 b eslial @8 3 gt e B B edd plnil (SlalJlad ael B me aslsl
Kol 3 me aies jsb 4 Ll S 515 ey s axdllas 3y oS slaaie; s gug oyl
Glcdl © by Ldr geg 55 (e gladle s odd Gl 5 (b Gla zes 5 odle
S ey 558 QBRI Il me b e b l S (K38 Sl s eslel s ]
Slotingr 8 51 GlodSr o5 sy OV IS Clodd o3l 5 b fagsy 55 bu s
el SLIVEY 1SS 53 0T 51 oles 55505 3 1y 58 eS8 cbolasla

o Mes,:

A‘v'e.,

i ..l/’m;%)
S LK)

i

5

23S ot 18l 4

bl Bl S5l 5 ol e kil e il 1y Sl mls s eslinal syse s 5 5 5T Al sl S plt LRI SLG e 5 al

o 1ol 53 sl il by Kan &S Sl sas

Ul SIS 133 5 Jaus 5 aslin 5 58 S 31 ey
o Ol i 5ile 5 B g lin 28 Ol LBl 3 3lee Jals g asls tEle

GBSy e e ol 558 S Siloes peas

AP P TR v PR TPy (& ool il

S s g
s LS

adis gl gl sdalin aud Ll S o jopds
£ S AL L T 58 Natural Gas Flow meter Selection ol l33 g les s e S Slhes hul
sl JW5ile i das s 45 15 olis Sbe e glacS L3
‘ LY REOrH
Uy\ﬁ.x‘S&w‘J\JJ»_ﬁ‘Qw’ﬁw,;,ﬁ‘_‘- _‘—_’ - Rradu
= 4 A 7B M 5 o S Gl 5 45 gl bl
iz gla bl Al ks i Kos il OIS T e fdg I j =i Gl e aco Sl SRl :‘
.33

sl s kil Nl 5 5 [

A5 5 e amis

£

Ol p3Y ad sl Sl O S50y 5V a5l 5 onl
3 S8 S8 Ol e e oo e sla s sl
A g0y Bl 03 el 00 (At glads
2 (FP) 555 o o filenl i Bl s 5s 50
o g (ML) 523 oS5 2 5 (FT) el
s gl L (Gl sl e 3 g0 S8 il

501 $p0upSI5 o 5 il el LS il a

2ol 2y s SLEE 5 VU 5L 0L 2 s g

S5 8 o i




Yoy B ke )3 o 4 ol

258 sl 1590 p
Q;JWML{L;«U:\)QJLU)'K@L'Mp):asugﬁ\s)yﬁ)j}wf\}gséu)ﬁst\jﬂ
J"":'L‘_faj") J)‘}A JALJ Jj..:: ob‘b)‘f‘rféq‘x.")b dhubf)lfhﬂj;mhﬂts L}SL‘“A-}&

S Slo s o

e LIS e

W‘)W}Lasc&éﬁ)jﬁéw&%\ﬁ

S o3Il s

338 s O 6y 5 s5S el 13 aS gl bt gL

Joo iz sl eyl edalin OIGH o 3Y sl Sledbl 05 Sasls 5l Ay Slsdle 5 cpl 02
53 LS Sl 3 s Blas s el (23 ccilisie Glaasls 3 o SE Ol e
ZN) Gpdy o515 e 5 BT ol o8 (FP) (L3 b cpllilad 2o Loyl 2
Sl sl pals glos (Gl Sl (Sl gles Jre B s S8 il Slo sast
503 55 sl LIS 5 VU LES O o3 sdome (pizmen 5 OF (5 plsoST 5 o 5 4Bl 28l

sl iomle 5558 IS Slo past edalie OGl 158l 5l 5 ol 528 Sl Sl
3ol sy el o3 Ly S g cpl il S 1 ol

S b Jde dlise glacs 8 gladie gliil edalin ad WlS o )8 o S inds
Ol oo S alamdle 1) die cpl Sl st piomen 5 358 0 lely Slgdle 5 s
o 0l 15l 5 s il (gla el Ay L SS9 el U

S35 D s SHludigy

g 38 S E gbolatle (551 g linlys B gl 5l as Sl b4 it
o Sled 4 @, 3 5 g 6550 Oletle 51 Shree 4 b ole Bl 5 S s
a3 o OLES |y g cpl 31 Sl VYV K4S as ansldS



oy oA )3 8w e ok

o e,

A
6}5}0 [ P WA 555)" Sl g ey

S0 Slad 45 039 5000 (5 18 b PAEL Dl g Dlh S 25 2 1S 0 Dlazbl "’.
e by 0 4 52020 DA 43 e e LT s ah S sa
St m,_,f/m@,

J'-‘:»--v-”r w_ﬁ;g_éwwmh_ﬁ—

b8

‘3

Ol s Oliwl 58 @S 5 658 0 Olazsle o (6551 (olwang jiw s VY SS



el b A

sl 5L 4w wWllle 65540l 5 53 85 Godd s s 5 slaasl <=L>,u'\ LS s

b3 sl 5l oole e dlad ol (godes 3 55 e oL Lol Jeas cpl 53 a8 4 S Cl;;’\ R

Ll e
o5 8 sla, S 055 0L silwand g3d8 Gla g, py @

Hﬂu L6 sl S

SEL ke slaaie 5o Sladss laess,y i 25 @

35 38 oy 58 093 0b 7z &jlund G348 Sl isy 1A
A s Wl o Slled ol L BLE 5 syt pasiie S ol ol Sl ol 51 s
o5 CLOsES S s o2 b bLISL o i Sepds el bl Wi b 5 58
el g b (6 i bl

0505 Obx olwand ol s Juad o 51 (SCgade Gl Sy oo bl cpl s
s plnil e s godas 1WAl oo W6l (6 So3I) 33 (a5 sy 38 las S
w05 Sges b Ol Sl s n s Jos & s ol 2 &S L s o
DS 53 Slallias ol s ke ol L3 eldplnil 5l (sle i b ety 2L s
o 1) s & 5l

oo o3 e ledss b olas e SV we gazme Ol 53 el Ll anlllas (2515l o
$3de s gy slas o8 1 Lcleds el o5 Slagpe o & by 0L > g Sl
S50 s Gl o3 53 5os SVbw 5 LK plil oz 5 e 23 S o3Il A
L;LAG'M‘_;p a5, 5 8 Ol Ol b LLoL 53 s )l ol 5 2 cnilas S 513 Gy



v ac s L

BE Uﬁ.}f)ls )‘ J’<'.’.'> Lﬁ'?-J" .L.J.:La )Ufﬂsl: QT 6}:§c)\.l.a‘ 8> BE .J\...’b:& aS "\""':’L’Lf Lff)j:
308 pase sk 5 Culg 0d 5 Ll e e 05 355 0503 Ol Ole (S3lwand L BLS )

QM‘GM Gb‘ LACM,‘:‘}.:) LS)’:§°)“)"" LSLE} wv;? L: ‘JQU)\ DL jJ)LSCﬁ:)A w})

3U 2 & xS0l 45 Cd3 Caal 1N A
Al i 45 315 Sy (ol 5 3date slatss 5 bolSiuws Lz (S o3Il Eone s
Usn b Wl 3l o 5 5L 350 O35 Lopasn 5 5l wslisl 5550 Jlw Sl yas
Slasens O 5 o (6 S o3Il gaolKaws bl (gl 4l pand 23 503 eslital (5 S o3Il g
JEsl bshast 51558 5l g S8 o3y Tl o gad g Il d eled sl 1 sddedizen U5 5
o or 4 by S apds, osain Jla=l gl Sol 5 ssmse Glae o3 L a5
Lol i a6l S o3l ptes Sl 53 &S ke o Ol den 5 den (S5 DY panes
DN J6 1, sbhosls

A5l clie slaolius 51 (S (5 oKL Slles laasly s s
Jors Dlidos 5 2550 Sl 4 Ly Gl 5,055 ol Jb o) b eyl lagmin 0
5 a3l e VL sla ity b it (S o310 (slaptg 1 o3lial G 4 il o oikal
G35 Gl B 53 55 s A sbselsn 03 S8 mlis e S5 s 58 Ol s
heslizal Js (Gl ol oslizal )l 31 8 s Slage 2 3l Shsle Cgr Y pams
Copde 3 S5l s sl s 315m ke L3 IS ey 05 b Ly ] Slagi 2
5 den 555 Ol 3 S xcd Jlann caeal o 5V 1 Bs b 5 Sl
arpp ol reb 3L e e VU Sl 65505 b sosla s 5 bl slus 63,5505 58
I 555 VG sl oo 55 S o3l s 30 5 iy (6 S eIl olKans 51 (6) 5 S Ol
Solows o ool e 5y s Sl Slapz s ol San 100 Jslae gl o 4SSl
s S wds il il sdilel &S sl (G Olan (s gl sl Jees &S5 5 )
Gy 5 3lasl e s led ol 3 355 alie 4 Sl | olaws Sl Ve Ol 4 (5 So51
Rl 505 0S5 ol laay e Ol OISl j iy pn Al L Ol e xio o ke
Lo Cwed b o WL B by S tedes (6 S5l bt g OIS Lo 5 2 L
3 Sass ol J s ddaal s KT el laeS i (5515 e 53 OF 31 e 5158 55 il
el Ol aher O 51 a8 Wil o SVL S35 L 5 b slagr s Sl eslinud 4 Sler

Olge swrs LA Jlays wlda 528 L;;w-w\ oKl s 54 g0 | 6L“G:“”df"



Y5 Lol L

035 30 Jmus L Se sleallany 51 dlass S8 Casle e 05 VY &y 3 Jle 013) 58
LLs sty oy Oler LK B 5l ol 5 0 5 Wl tal 558 53 i ol s (o
el @ i slezel 555 0 S0l Slaptona VL 23> Uil e 53 byl ol 1
S35 8 SlalS s S Lol Sl S e bl sl Ysol il
Ll i 0 Sl G il e Coenl b Sl Sles slptials 5 kol ccsledss S
Volebl pas 53 osan 5 Ol dsn olid Ul wslol a Ji des ol
et 5 153 3l ol Cund s 4SSl rly e I35 e Sl e 1) o Kns
Sl il bagb 5l o 5 b 53 &5 e a3l 55 ol Olabl oL
e & Ol b ol B L slaelSagl 3 s s pe eslinad VU 3s L slaelSaas
5ol g a5 b opl e AL ad 03 5L 3550 YL (sl 534S (83 0T L (g Sesll
LA M s sed eslizad OF cmbie g g 31 Cslie O b b Ol 555 0T 508
wyyhn Sl bl s sl gl Slatie KL s Sl 0L S el glaelSans
SlB s ay Jlat e (Rl 50l Cd B L glaelSinl 1 S preppds ASL
dealls o i Sl 3 Jy 5,108 o 6, Se3lll 5a) 2 s JB Sl Ol
oo 6ol sl el 5H 235 030V G sl e Sday BCGS 5 ends m mles
[V ]

L oo s Slesl So e 53 3pmse 3L b b b oS o5l slaelanl S sk o
b 3 alse 4 e Sy Bl 5 5L st DUl g GLis Cuxsy b 5l 01y
DIs S sk

la CGS .)

LaolS 5 5 oKl Y

a5 onds sy s oK) ¥

Spd e edls m 5 |t a5 S35 50 5L S a5 3

la CGS

)}ﬁ‘ )‘ )K J‘iJ}_ FICW CJ.)&)JLA)JK dlﬂl.w dM&“SJ«.I’MJk—I a CGS BL. nggojbu‘ S8

St s Sl Capde Sl 63k sl Caeal Sl ke 4 0T Bs s Ay bk

46 Accuracy
47 Uncertaininty



LY ac s L

Oleol 4 S 53 5 b ,ed 4 635,55 S8 oS s blE Lol Jl s oSSyl o ol Jls 55
sed= gd OIS S CGS b b 81 e Olgmy Jb= 55 0 Lasie b CGS 3 b 5
Jobee o0l (o, Seslll a5l 20 Jslee Sl glas Lo AL $eveer SM3/H
YPerveer SM3/Year Jslae Jl 53 03, (p) S 5500 dal AJ g YVPeevr o SM3/Month
o O Ol K 53 Iy Yo Jolee 1 58 cnd 23Sl s S5 5 dal
Al e g LB Sl &S dldals U, O/ ce/ee /o 6 Sonp del dalgt 3y p oS
S S i b akly 5o Con Lol b s o8 55500 Aol Badaes Cad pl s ol
Slysros el o b eSS b cul b 5 (Gl) Sl bl 6 5 conl Sl
Ll Sy 3 ambio Ll o Sl S8 253 Go b 51 aS Jle mlie sl 50 5 5
3 S el sy Sl Ss 3l adls [ Jh c3s Sl o Seslul laelKans
Slomens glaas s ol Wb Js A3l a0 e sl e gk 3 Ol pand glaag 3o Ll
53 oS Jlaml slalas 55 5 il 7 e gl 0 s ol S35l 3 &S Slaaysa L
Sl & Sl mly Sl 4l oS e aglie daldalys 3 g (5 Sesll dny 5l oSs
YO Jslae o3, b aglio BB (Sl ans glaaiza Oy mon 4 Ades sl Jle s oS e
Oy ols b Jsb )3 a5 ol (5550 L3 0l S5 035 andl 5 Addalss Jlays Jb) 5Lk
ooy Obtl day 3 &S (s i SL s 3 6,500 Jlaml glas &jf@.a
5ol by xS LG DS Ol ol 3 K e L LCGS (gl (5 xSl
sy g bl o) p s BB Dbl 5 Ask e S, als Slela a4 ey 2 5 Slss
LG EKSSJ:.EJ)'@V.?Q- e S S laelKans glacs » Sus 2 s LelKa
ol S eyl 5 S 6 olas 0L (6 S o3l 65 doms 4 A 55 ol by AEL e sdaliv

Vel s, 1oL o Coeal bl cw;dbf ol s as

t:ootf;,; ‘5:3)39@..1\
Dbl sleal8 5 5 olSasl b b Jle 5 sha) Lol (VU Sl Bolas 4 i 55 Leals 5 5550 3
Sms 58 Ol onl Uil Jlezs) a8 Wil o Cola o caSe e 08 o Tasus odll o
05 Js ssed amlie |13 e U1 Lealss 0 oSl Oy bl 5 lamlis Bl 51 (5l
S o3 Lol 0 Jlie Olge 4y il o Jol JB oS 5yls 55y SIS 08 dey 31 50 Lal8y 0
OLbtls L oS (godate D SHe le) 555 ol b b 51 VL Sley S o5 S b

“ UNCERTAINTY
4 RANGEABILITY



YA Lol L

b s oens b sl s Il ey Sles 5 Ao 100 S (s plnil ealS s 0

)98 D WL& b e.l,ijSS S0 L)"\J"L" MTM‘)}- J.;L.f )L:M..g L}_‘ﬁfﬂ.d )Lf j'<','.3 MJA
Dsls, 3 de 6, Sesll LSLAW ol

WJJ‘ Gua&*{‘
Sl a4 plaws 5 Sl S3s cpl ple gl YL Jls i b oss endsn beelKal

[\].L.J:L:& J.:) b)jﬁjsd,\.g_e-tw )\5/ t_éf,,a,a

35 Sl sy Ll il b S8 T Sl S ol 5 sl glaasly g )
A alie Glad=ls by ety lagerms 5o sl ladly 5 Sland (gla paies
O30 o fed 53 Sl a2 Sl meizes )2) S8 slas s S =Y s dsle

(33,5 n o3linl G 55 g Sy Sl s 55 1 Ygmme Sl

bl 53 I Ak el b3 et eyl 53 G a5l S is (IS I s Y
T bl Dl oand 0l 53 L 5 ol 5 5ol sladsls (o)l o pals s Dlia ol
LsLaco:eu); Gl o o sa ol 3 adl &S Wl o ialS Sul & 35 G s Ol
B sl slml (b 55 Sl Sos obea 5 3500 ann T glaolKainl oy

3 y00 (6 SNy ezl EISis a1 Ol sz

lalla= 550 5l Sk 5 Sl By 8 ek n sladsly s 4l 4ol
CHCIPRPI 75 REIPERUMEE i ICIS PSRt GO g S L [P [ SR VP P
Soare il anils sy il oBas my 25 Johe oSl 5o (5 S el Jlazs]
D]asl e

Vi o3 4 i pag Over SMIH spi ol b L sbeelSang) 5550 L3 il
Lo, T G pme Olipe 5 13 oS LL bl g baelSansl €655 ol Ygane 3,106 eal Ol
Slalles sloul &g )5 e Ol 0355 YU Sy &K1 es Al 0 ol 5 oo A LB
Olsiee WolSal €8 nl sl cpl b wudls dalps JL 1) ey BB b fles Jle|
D15 500 skt 1 6 S o300 GlaolKens ) mows i

5 b el Gl Sy un 4 s Ll Eole 5 IS Slws s Sl m
D3 eslinal 5,50 5528 8 (Sl slaelSansl 55 ASlg o oS Ol g Seslul 5



Y4 Lol L

s ol s il Ol Selul ColKins a5y andl Sad e atly WS
Sliios 5 Sl cpl duly 55 s oS Wlesls plnil |y Slllae (i Slidos Sl s

[Vl

\A@w&) Sy dwd g 23 ‘sﬂfa)'\.m Jeol YAA

g a5t WGl anlie 5 lagi o3 (Stuatns (23 (5SSl Ul ) r bl 3
5 S e 6 Sesll ey dmls 53 Ly (La o b pamm) s sledimd o Olsn ola e 505 51 any
T s> S S o (6,83 Sy o3k SO s e Jame o 2 b e IS e s S
o5 0Lz 48 O s el DLl 3 Il L laiiens a5 gl Sl road ol Jis aw ol
S IS a8 Mot 35 kS o i (5,50 BB IS G w1y sl 1)
LYIAS o Jlsl 5L 5550 slas il b Gdate 5 0L 2 b slize

Jsl e ol (5 Sl BB o 03 5 (3 psgte 92 Ll 0L S S 0nt
Cnisle SI a5 O Selil Aoty 5 358 g odaal oz 3 Obo) ol 53 Il
J=ls 5l v .E.w}:ﬂq&ﬂQé@éﬁjﬁjﬁiﬁbAcﬁAd&dbdld}@% .m3/s : ;|
Y]l aslons BB 5 g & Jls oz (03 kS o 558 O
Q(m’/s) = A(m*)xV (m/s) (\-A)

3 Soso akgsem H Ol o il pasiie 15 (p) v JEs 8 Syse o
V] 55 o0 anmlos
W (kg /s)=Q(m’/s)x p(kg /m*) (Y-A)

Ll Liters/minute L Gallons/hour 1l (5,5 sladly ST glad=ls » o5
by o Jslhe s gl s oo oS 5500 LIS @ pldlir Candsn 55 08 64 (03 035
[Y]elotsasl )

S5l LB cnS S w03 b sl (e sl (b sl s Sl s 25 52
[Y]5 505 (kv i 53 Copgem 4 Ol oo s Jlle s 5l L@Tt\,;\ 10 555 g0 o3lixel

Lf«'cj'w LSLQCM_NL;’J L]

%0 Primary device
5! Transducer
52 Transmitter



nE Lol L

il 53 s il - 51 O e 03 b &S > s o (S 0510 L
b s 55l Sl 550 51 (G Ol ) e o i 3 S e diilos )

L;wo—élﬁc.w&: L]
s oole w4 S e s,Selll 1y (gose JL:MV.?Q- Wu@ww & o
dnles (gl Jo 3 s dly) s C‘)Uo\st.ng)'L:.Z Lo i 2l 53 ez 05 (5 S o310
.;ﬁ@oJGJM\JL,&‘/JK%JJW&JQ.s}‘..?gf,b)'\@ﬁ-&:
:wﬁéu@&g .
930S o 6 Seslul 1 0T 5 s (S sSI Ie & 1y b oz 0L Lasits
))‘Ju dl.c.w JK%)‘ CW‘QLSJL‘J’ cLﬁ)W w‘)) L;QJ'} J" dﬁf°J\J“‘C~E¢£"

bl Gamin oo @

&‘)‘5‘_;‘”6;°)"\“‘)(’j>'tir>‘>‘wﬂdu):ﬁblﬁ )‘ Q@Ab)wtyw\
J.g\)&ijoaﬁéﬁfo)'\x\J;S&Jxéjdal.géﬁéﬁjébéﬁséuﬂbg
Ol S Gla oo 5 (S5 gy oolid r plinad ) S e plund ol el

S el a5 L e OLES |y oo 6, Seslil sla isy shars VA S

V] 5o o 4ty T Oliasiin aslin 5 ooy s Sl 2



1 el b

(Positive Displacement) cuis sloul> b ome ol oo 23—

F e S T2t
(Coriolis) x5 - o
Fay S :-:...- ~.‘=-'f'~‘
(Thermal) s, ~-

ol gla el

(Variable Area) i i

(Differential Pressure) g les Jsvesl -

(Target) & -

S el gy ksl L“G"‘““u‘f’ luas VA S

¥ sl gy YA
s S S0l b asle pl IS Galid s S0 S5 s e Slagmin 03 sz 03 &S 5 sb0Ls
U5 date han 55 s ol Sl ez 0t e 5 4 50 b 0L S0k
Sl AT Gy Jols e S S5l gl ealinal 3,50 sl gy gl AL e
swoF O w W Sl bl s S cl s S B s bt s S s 5
V]2 58 oastls

Sl b 5, o dle 0L (SO (6550 S eslinal e fus 58 sl e 5le s
53 SSe 550 a1 v 0L S 550 L5 s G eddnal Slaey T o
Loorlpb ool cliae Jhw &8 > Co i b 55555 Olss s 5 S o S A5
Sy e 8 01 g3 s b Ol o 4 015 e 55 Slosd S S eI
G333 4% 550 O el RO i asls IS (SN s el it ae- IS
1 ombliie 5 LSO JU1 s, 53 YAUSE ol jaieds L6 bl 01| SIS
S M5 e pblae i Lo Sl bse 51 G s () IS 55 s e OLL
o o RS L Rl S o e a3 e g 2 53 L
ooles b Gl 38 8 (6 8ol L Wl e tandl 5 SO 5 ol dalgs il 50 s
D5 (0 S5 53 S loms [y o S b e s sla ey 51 Jn il sl



¥\ Y Lodbd L

[¥]555 o Jeate 2o S L 5 S I w i (SO 28 aile alises sladdes

TURBINE

(<

FREE KDNOE

PROPELLER

LINKAGE TO METER

(<

FLOW—

Sl (6 1S3l (O ¢ mabline (¢ So3lll (Al oy 55 25l g5 92 bl YA S
Jio g5 0B 4 e Slale 5 WSS s e (6 S eIl 6l Bkas 55 Sl gmin 20
Sy plol ol Ll (01, Sl oS Slaule 53 T s 108 S e lalad 03 13
S e Dlakad ()TNs, gy 54y L8 wslse i oy a5 AL Slule ples)se 5o s
Opomad s o UL |y S et sl il LLI I 5 5559, Gdad peses oses YA ISE 5 00 O 50
s glesy gl b il ged SV s WGl S & sliar e i sl VL 233

SANERITEP

Il Ol s 53 55555 Gl o see 2o, TA IS

IV aisbe o5 Glagen e S8 4 o e DS



oS s 3l oS glace w3 (WOBLL s SKaosl 555 Cle @ b > o2l @
a3 5% J3la> 5lo)l gan a8 555 S35 WL (515 e e 5 ol r@)z\;\lu&)\:;)}ﬁ-ﬁ
35 o3lital OF Ssls
ool GBIl L e oass A s el s YL Glacs s o a5 e e sle e
jwbo-"ug:,:ﬁbjoﬂ‘j CJUGP')’\.A Lffﬁjgj}a-")bl.s.l.lb )KJ‘))J.:.C QYL:*A LS‘)" LQJ’LA).L‘)
Sy Sl SIS,
L;u&;s\ﬁj:jﬁéﬁfjla.lﬂl{(@Lu\_g)'lfj\dl.ﬂjx;’dMb)g@fuksuﬁﬁdw\)‘\ o
238 s LS el e S
o a3 K s 4zl a)ls Jl 43580 5 4 o (9305 ol b a5l ol 235 o
oF or ) ) ) )
e J”LM Cy BE j(\c./\ J.i&) Ql—j;?' g g dses L&oj.; VL S Cf BE) Jw"ul.ada
(OA ISK2) Ll o 0L Sl3lge 53 Lo

Flowr
straizhterer

Deflector
Ccones

>3 Axial type turbine flowmeter
> Tangential type turbine flowmeter



Sl e,y sl eas S B0 5 Jlw Slassly S b cnlite Jlw sy T 2D 93 A O
e yts oy 2t o b aCslodds 03 SIS0 eblins slge T 3 oS sl o olbit] i
LS o el sl HLE o 55l e ublan Olde SO s peblian JLa SO sl (Jlw OL
g oo dles s S s ) g SO b g b L sl (6, 865100 L oS

1S Ol o s e 2 bl

-’)‘-’-’j)tsdlif)u‘l‘)‘g":”’)wbd‘f ®

| YL Jl-:-\m-f QT BE) (5;0)‘-'\4‘ CBy e

.:ﬁ@wbﬁpéuw}l{MQYp&lﬂ o

383 S S el Ol S e s OSL 0L &S Jal i s dae,y S bl 4 @

ESIERge s

AL e Jlw 0L s Lid ol sl OT colas 5l e

. . ¢ . . &
(S5 SR 93 53 0L S S 03Il y s sl gy FNA
)ujlf t‘f‘ R S L L;ﬁfoj\.)dl Loy 3 (Gdde L;Lzauijj L;mﬁjlsu:sqd\ 3
bbu)‘)bu)jjgw‘)‘ff W‘M;J‘Jjwubjjﬂw)‘};éucde)JﬁJQyLrﬂ

OF o3l 35 3wl o &S Wl po s o 4 3505 31 8 0L Ol



Y10 el b

Tovsd 357 0,3 0L Ol (olwans L BLS1 s bas )8 51 s e WA K (g
gl e b BLL 53 S ige By 28 e sl e e s b

ek &1l g 53 (6 S0

¥ e 3 S8 0Lz Ol (Gl Lo
Wil on bagmis 3 6158l Glasliy 5 sl e 5 Lol sl Aol ke Sl (S alies o
AT 3l o 5l S e O (SeidT 4 bz o3 Jonll oS Sl s 4 oS S B
la Kasl da iSdy) s esle sla g sl e gl clils o osin oS o 4SSl S 10
S pl S o olml ) O Jlsn S5 a8 5 Ay S5 O Sl
e SVl 3 0L GlhediSmeal Ly it gla iS5 eslinad L A5
s ann Sl 5 38 ) opl oS Wil e opl s BB aSS bl asdesls ials
L5 S o Sl jlis il syl Sl 5 shaal = il53l

g olalizl el ol San & mly Slpe Sl wsad 55 T i)l 5SS s
O 5 90° sl S Jold Wsed 3 opl hiles S anlons 1) 058 b 0L 2 (5510l
s B Sl il . 2> ) J& (outof-plane) Cislias 55 S Ole Sl (bSle
oo 53 sl sl 5l eslinal b oss ol 5 dnes sdsan b kS gel 53 8 S
CFD slagssluans dl Ol oo olul 5 dlos sad o sliel | sdelnly Cilisis (gaus
Srmen 5 Auil e S50 A Al slags i Seilhl b oanslie s A sladl )y
ol BT lagilaand opl Sledbl s

G s e Sl B 0L eliS el S LI Y] o) 5 uS S Sl sl s
53 Sllas 6l sla k)l 5 s S Slages 25 S5k . sledl ol CFD (5luan SS
Ll b opl 55 LS ol cplple Kledd b i slad ) sl Jlen) Ll 3
T e® $305 53 ekd, 5 Sl Bt g Il Wl (g Sl oo 5 Llede IS

Jro 0L oW ez 5l AS Sl ps s Glame o0 S S e 20l (S

aC,\?_- OL—i;’.' C)\Jj\

. T . - Z . IR - [
Sho il boeolis la, gV S5 dewsy oS O L O >
U 65 et ol il e el Lot 58 e bl (5,6 58 slaolKanyl 55 iS4

Sys0 i Ol Gllsed s p WSS e Y Sl i 4 s S e sl gl S ol

> jet flow



¥\$ Lol L

oo sl Jdow 51 lages bes L asloddosls OLES P A S s W s 23 53l e 0L 2 anllas
eslod 03,51 285 AV Jlu slediinl 35155 s (o3 3OS ) e a0l s e

g 22 31 8 0L 2 anlllas 5550 05 5 5l (514 50 FA IS

¥ S 23 LU oL o (Flubw flov

Oraed A o S8 SUL e 5 Sl ahes o fege s Sz
Rty 355 o eslizal (53 3 Ikl Slansli 3 wx e Slagin 03 Olge 4 Y gans P
Al o dde g3lasl Lad I LT st sl 5 ol Jail 3

05 ekl a8 gl sz Slles diees S8 0L~ oy il LY @
3 M 3l e 13 e s 5l S 4l WBlaze 5 O it o S8 s 5 Sl o
i Ol il 56 ) aiaes bl 0L Ol SRS B s sl b ads
Obm 55 Jamgte Olgn ) adoad 353 00 313 i 03 5145 S5 Olge Loyt cpl by o2
wll S Wil o s g Sl sl 045l s aliee ol ol i
il i OF e i

ol Ol SScaledd a by A dle Ve Bl s Sla e 23 Sl lals i
(WFZLeeetal) Luy o5 Cygo b ol o 5 ol sy 8 ol
Fob bl Ol ol pslie 55 s pesls pll LT &S ()8 Gullae wilinibie [0] 3 Splonl
ol S o Gl i ot ol ale Bl 51 aS 558 e e Sl slas

Sz 53 (LI)ILLLE lausl s slp Jdos Jools [F] pr e 53 ad (e
UL il e DUl sl (Soolus Glast amlbe s 5 350 Cols (38 s
65,31 [V] w03 o) gl Bl s B Jes 55 Gl i ol S5 0LLE el 5

Clo s

% Dynamic error



¥V aedls L

ol Sy g g 0L 55 Sl Gl 5 OS] Jan 5 siplondl IS e
SUIU[A] g e 00 S s plie mlS romes Zelodzes ;51 [A] Bk ol o
Llodel s Ol o Jdatos b s DUl g5 (sl o5 oddastld mls 4an o o Al
Slodamy ilsd Cow &S i kil S 5 0L Sl [V] Al (B Leeetal) law gy
Cslodd )y 3l 0 Bl

Jools bl 5 LIS OLr 3 g g0 SR el ol aes 4Ll S|
s ol 1 b5l B ey S didl e e el Jols oS dimes Lol yis ¥sles
r S1 il o i Ll b Ll Bl 5 el il (sl e gl oS el Lo
o0 55 Wlame 5 1,38 ladol b g, relr (2505 Lol cslods antlis (ol oode ISk
g T (Sealus slas 5 s 5 ) 8 Slagim 23 ($3loans

Sy oleand Ll iy S NS 5 25508 ) Gldlas js s S
(s o) el sl ) DLy 0B a1 50k DUz 53 s Sl 2
Sl i 5l ool S Ol 4 iy ol el Sl 5 AR LST Gla i, Sl S S
ol IS 0L 2 3 e 2 Ll Gileand (S slaasie S Olpen m 03 ok
oy Qb 5 e Sleid @ el Sl Sl daly el ol S e e
Rl 38 sl AT [ gbay s e 4 i Sl e e el S o310
25 g ol ol s 056 pa Lo 55 Ok o Dk 4 g 22 oy e sl (ol

Sl 55 8 s Gl s s LIS Syl s sl Sledrs oK 1
23 s 8 LSL“G.‘*”L;.” D, ke iluand e Csleddasle 0L S

CMA‘OMVBU‘ J‘.’.) JJ‘}A A{.L: B ‘)J\f Q\iJ}-

S Oley 4 1,38 glaagl s s T Sl S A 6l (Sals e
slods Cob A lesT gl (F-A) disles 3ulas

Q=— "2 _poT (Y-A)

P AW ol S B AW (LA S A 65 Q
2L e

.w\auww@w@uju@ﬂs@w&; e U g P GV



YA aedls L

L Ll oo Oley g 53 0L cr okl ns e S Cleds 505 gy pl g Les
Ssdesls OLLS 5 S silee al 0 a3 AL Jsb U glaly L

Dl
1
.2
b
SN P t

; At a;-fﬁ@bt“;miL}ubj:@l,;}wtiﬁ@;ym@ﬁgzv.AJ&:

gl LY asiie OL o T )

J.E.;)J @u&fﬁanW)J J.:‘j}'u.o QL{QJ&- C); chT:l; erS u_BLgo)Uu‘éuAtl ;\m
BEREY WP T PUIp WO V-7 SR EPS R d= 0 a gl Llg o (F-A) dslas 5 5pda S
LS Ky o) oby dbe Sl eslanad L (F-A) dsles sl Joel s dslee ames

dw dt
= —— f-/\
T (¥-A)

w —WQ
33 é,«.ab».» sla> T c\ﬂli bl eddslgliy (s ol Sl eslaal bl Sen

53 bas . Calodon s 51 [V ] e > JoS bl Sloee Lz 056 e b Ol oK
T ek lmaw OILLL 0L > Ol Y] LK 5 assY 5l s gl

ot anllas glal> 0 & ooy 5

ol () Slaga 93 93 0Lz (Flawbw Lo

S S et §5 93 s o wedl S b llas (s 8 SIS S bokes
T Olse s Vsams Gopme > &5 il 350 wles ¢35 51 5 5 o g5
[Y]ewleddazls sy s

53 Ol spg 5 Gileang L &S waastle odbe VAYA Ul 3 aoss T2 s

Slaees 53 rews Gl 8 5 Clad S ISS a8 mee s b bl (s Dliies



Y14 Ll Ll

Slidss tio Gl 4 B 6o VA0 ans 3l ol Jle e s andl icdles S 1y 0S50S
osb> $SUSS Sl sladie 5 Lleddell sy Glagn 02 2L o 5, [VF-1A]
35 Qliten Lo 5 70 pal bl 55 T o Sl ek sleiiy s lage g
O 02,5 00e dl b 53 i 3 laions 53 b S8 o Stk bl andl cenlodd 40U
DY e S0 Sls b5 bagile s Sse sla, 586 5550 5o (T 2 O

52 Sy Ll gl oe VAPY Jle s o plal eles sy s sle el
Oa bl Blay bz g ol il S Beslinal 3550 5 S Sl 55 5l
Oubd>= Sl ¢ 2oL Bl S SN e 3,008 ol.wrla..a Awlin
Sk s o o £ 3 G Selos gl 5 SV e (6 S0 31l s
DIVl 3 gdme polon 755 51 Glagn o3 Sy Dlaisd oa 5 5n

S e 3 558U 5T S Ak e 5skiS IY]E S5 5 05 Sy 5l sldls s
Cslodd DU (6555 Bl AN IS L s ol ooy 5 T

UG 4 oleesl Sl dny (Tr ) ohomy 5538 (psmage dolas il 2 48 ) pm il

.Cmﬂ‘a.)\.\:db‘ )ﬂ)

>" Thompson's Airfoil Theory
3% Micro-flow
%9 Rotor-blade driving torque



Inlet velocity triangle of tangential type turbine flowmeter.

Outlet velocity triangle of tangential type turbine flowmeter.
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Air System Design Load Summary for Central Office

Project Name:Central Office
Prepared by:KHGCRO

09/30/2009
02:38E.U

DESIGN COOLING DESIGN HEATING
COOLING DATA AT Jul 1700 HEATING DATA AT DES HTG
COOLING OA DB /WB 46.4°C/27.9°C HEATING OA DB /WB 2.6°C/1.5°C
Sensible Latent Sensible Latent
ZONE LOADS | Details (W) (W) Details (W) (W)
Window & Skylight Solar Loads|m ¥¥12 YAVAY - m Y¥2 - -

Wall Transmission|m Y)7Y2 ¥a4.) - mY\7y2 Y7a4¥ -

Roof Transmission|m 8AA2 YAFYD - m 0AA2 YFFa -
Window Transmission|m Y¥12 YYYVA - mY¥y2 YAY A -
Skylight Transmission|{m -2 . - m 2 . -

Door Loads|m Y2 YYAA - m Y2 YYFY -

Floor Transmission|m &Y Y2 VYAY - movyy2 YYFVY -

Partitions|{m -2 . - m 2 . R
Ceiling|m +2 . - m 2 . -

Overhead Lighting|W YYYo. Yovea - . . _

Task Lighting|W + . - . . -

Electric Equipment|W Y&y TY \AMAR - . . R

People|Yd# VAR YADY . . R

Infiltration |- TAVFY YVYYYY - YAFYY R
Miscellaneous|- . . - . .

Safety Factor|%\« / %+ YV.ay FOAF %)« VAN LY .

Total Zone Loads <<|- Yavara . FYY o 1YYIY .

Zone Conditioning |- YAYYYY de¥YY - YAVFFY .

Plenum Wall Load|%* . - . . R

Plenum Roof Load|%* . - . . R
Plenum Lighting Load|%: . - . . -

Return Fan Load|L/s Y:Y:4 . - L/s Y¥Y . -
Ventilation Load|L/s YY)« IARFS Froavy L/s YA ave .
Supply Fan Load|L/s YY1 . - L/s Y¥Y . -
Space Fan Coil Fans|- . - - . -
Duct Heat Gain / Loss|%* . - % . -
Total System Loads <<|- 1dadadd 45484 - [EEERA .
Central Cooling Coll |- YEFEYY A7 9AY - VAT .
Terminal Reheat Coils |- . - - YAFYAA R
Total Conditioning <<|- YEFFYY 474AY o 1YY 74 .

:Key Positive values are clg loads Positive values are htg loads

Negative values are htg loads Negative values are clg loads

Hourly Analysis Program v.4.2

Page 1 of 1



Hourly Air System Design Day Loads for Central Office

10/08/2009

Project Name: Central office

02:25PM

Prepared by: KHGCRO
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Hourly Air System Design Day Loads for Central Office

10/08/2009

Project Name: Central office
Prepared by: KHGCRO

2:25PM

[A]

Total Heating

Data for August

[@]

Total Cooling

23

| |
18 20 22

\ \ \
14 16
15

\
12

11

1 1 1 T 1
04 06 08 10
05 07 09
Hour of Day

\
02

\
00

450

19 21

17

13

03

01

Page 2 of 2

Hourly Analysis Program v.4.2



Air System Design Load Summary for ENGINEERING OFFICE

Project Name:ENGINEERING OFFICE
Prepared by: KHGCRO

09/30/2(
06:36E.U

DESIGN COOLING DESIGN HEATING
COOLING DATA AT Jul 1700 HEATING DATA AT DES HTG
COOLING OA DB /WB 46.4°C/27.9°C HEATING OA DB /WB 2.6°C/1.5°C
Sensible Latent Sensible Latent
ZONE LOADS | Details (W) (W) Details (W) (W)

Window & Skylight Solar Loads|m Y342 VEYY . - m YiA2 - -
Wall Transmission|m 2412 YAAY¥ - mosy2 VAP S R
Roof Transmission|m 8342 YAIYA - m 84A2 YOV -
Window Transmission|m 442 YVEYY - m VA2 YOYva -
Skylight Transmission|{m -2 . - m 2 . -
Door Loads|{m Y2 22N - m.2 2z -
Floor Transmission|m 812 . - m fay2 . -
Partitions|{m -2 . - m 2 . R
Ceiling|m +2 . - m 2 . N
Overhead Lighting[W Y7+« Y844 - . . -
Task Lighting|W - . - . . -
Electric Equipment|W Y77 Y ARZAN - . . R
People|Y) - YOLVA \YFYVY . . .
Infiltration |- YA va49 - AVYY .
Miscellaneous|- . . - . .
Safety Factor|%\« / %+ YYAYAQ ARRA %+ . .
Total Zone Loads <<|- AN S YYFVY o 8484 .
Zone Conditioning |- VYOV ? YYFVY - dFY.Y .
Plenum Wall Load|%* . - . . R
Plenum Roof Load|%* . - . . R
Plenum Lighting Load|%: . - . . -
Return Fan Load|L/s VY- . - L/s V1o . -
Ventilation Load|L/s YA+ ? FYALY YPAT L/s ¥\ ¥yv .
Supply Fan Load|L/s 4VY+ . - L/s \Vo . _
Space Fan Coil Fans|- . - - . -
Duct Heat Gain / Loss|%* . - % . R
Total System Loads <<|- VAY¥O LA 248vY o 2FVYe .
Central Cooling Coil |- YAYA LA DAY - LS .
Terminal Reheat Coils |- . - - dAYFY R
Total Conditioning <<|- VA¥S A 48AF - DFVY4 .

:Key Positive values are clg loads Positive values are htg loads

Negative values are htg loads Negative values are clg loads

Hourly Analysis Program v.4.2
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Hourly Air System Design Day Loads for ENGINEERING OFFICE

Project Name: ENGINEERING OFFICE

Prepared by: KHGCRO

10/08/2p09

02:27FPM
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Hourly Air System Design Day Loads for ENGINEERING OFFICE

Project Name: ENGINEERING OFFICE

Prepared by: khgcro

10/08/2p09
02:27PM
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Project Name:BANK
Prepared by: KHGCRO

Air System Design Load Summary for BANK

09/30/2009

07:53E.U

DESIGN COOLING

DESIGN HEATING

COOLING OA DB / WB

COOLING DATA AT Aug 1700
46.4° C/27.9°C

HEATING DATA AT DES HTG
HEATING OA DB /WB 2.6°C/1.5°C

Sensible Latent Sensible Latent
ZONE LOADS |Details (W) (W) Details (W) (W)
Window & Skylight Solar Loads|m V-2 voor - my.2 - -
Wall Transmission|{m V¥ 2 APYO - mvyy.2 AF -
Roof Transmission|m ¥1)2 YAV - m¥)2 FYLY B
Window Transmission|m V2 Yo7 - mV.2 FoY¥ -
Skylight Transmission|m 2 . - m 2 . N
Door Loads|{m Y2 ARANY - m.2 Y40 -
Floor Transmission|m ¥&+2 . - m¥a.2 . -
Partitions|m -2 - m -2 N
Ceiling|m -2 - m 2 _
Overhead Lighting|W YYYo. YAPYY - . . -
Task Lighting|W &Y+« FAYY - R R N
Electric Equipment|W YY A7 FOYAA - . . R
People|Y¥o VFAYY VFVY.
Infiltration |- \Va¥Y A4 _ YEYYD
Miscellaneous |- . . - . .
Safety Factor|%\: / %"+ YIVY . YYPA %) YY.F .
Total Zone Loads <<|- [N YF FA - YOYFY .
Zone Conditioning |- YYYEF)Y YFLFA - YFVFY
Plenum Wall Load | % - -
Plenum Roof Load|%:* . - . . -
Plenum Lighting Load | %" . - . . -
Return Fan Load|L/s YY?Y¥ . - L/s Y#Y¥ . -
Ventilation Load|L/s Y&¥Y FYOY . Yoray L/s YOFY AFYY .
Supply Fan Load |L/s VY7 Y¥ . - L/sY#Y¥ . -
Space Fan Coil Fans|- . - - . B
Duct Heat Gain / Loss | % . - % . B
Total System Loads <<|- 14.4vy FIVE. - qYFSF .
Central Cooling Coil |- 14.avy FYVEY -
Central Heating Coil |- - - IYFSY _
Total Conditioning <<|- 14.4vY FAVEY - aYFsY .

:Key

Positive values are clg loads
Negative values are htg loads

Positive values are htg loads
Negative values are clg loads

Hourly Analysis Program v.4.2

Page 1 of 1



02:14FPM

10/08/2009
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Data for June
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Hourly Air System Design Day Loads for BANK
Total Cooling

Project Name: BANK
Prepared by: KHGCRO

Page 1 of 2
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Hourly Air System Design Day Loads for BANK

02:14FPM

10/08/2009
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Air System Design Load Summary for Customer East Affairs

Project Name:Customer East Affairs 09/30/2009
Prepared by: KHGCRO 08:17E.U
DESIGN COOLING DESIGN HEATING
COOLING DATA AT Aug 1700 HEATING DATA AT DES HTG
COOLING OA DB /WB 46.4°C/27.9°C HEATING OADB/WB 2.6°C/1.5°C
Sensible Latent Sensible Latent
ZONE LOADS |Details (W) (W) Details (W) (W)
Window & Skylight Solar Loads|m YV2 AR - m Yv2 - -
Wall Transmission|m Y YVY2 YFVY - mYyv2 YFVY -
Roof Transmission|m Y« :2 YYAY - mb..2 VOFA -
Window Transmission|m YV2 Y¥oaq - m Yv2 YAYY -
Skylight Transmission|m 2 . - m 2 . -
Door Loads|m ¥2 7 - m ¥2 ¥oA -
Floor Transmission{m V2 . - mb..2 . N
Partitions|m -2 . - m 2 . _
Ceiling|m -2 . - m 2 . -
Overhead Lighting W Y3YA YA4 - . N N
Task Lighting|W - . - . . N
Electric Equipment|W Y+« ++ 77 - . . R
People AR VFY \YYY
Infiltration |- YYAY Y¥YY B TR
Miscellaneous |- . . - . .
Safety Factor|%\: / %"+ Yvay vy %+ . .
Total Zone Loads <<|- FOYAY Fyv - AVaY .
Zone Conditioning |- Y4\ ¥Y Y.y _ AFQ
Plenum Wall Load | % . - . . -
Plenum Roof Load|%:* . - . . -
Plenum Lighting Load | %" . - . . -
Return Fan Load|L/s Y+A? . - L/s Yo . N
Ventilation Load|L/s YAY Fava YAov L/s ¥ fo
Supply Fan Load|L/s Y A7 . - L/s Yo . -
Space Fan Coil Fans|- . - - . -
Duct Heat Gain / Loss|%* . - %+ . -
Total System Loads <<|- YEOAL vagy - Avay¥ .
Central Cooling Coil |- TEOAL vags - Vo7
Preheat Coil |- - - -
Terminal Reheat Coils |- . - - AY¥Q -
Total Conditioning <<|- YEOA vase o Avay¥ .
:Key Positive values are clg loads Positive values are htg loads
Negative values are htg loads Negative values are clg loads

Hourly Analysis Program v.4.2 Page 1 of 1



Hourly Air System Design Day Loads for Customer East Affairs

10/08/2009

Project Name: Customer East Affairs

Prepared by: KHGCRO

02:21PM
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Air System Design Load Summary for Default System

Project Name: amozash 10/09/2009
Prepared by: khgcro 02:38PM
DESIGN COOLING DESIGN HEATING
COOLING DATA AT Jul 1800 HEATING DATA AT DES HTG
COOLING OADB/WB 45.3°C/27.7°C HEATING OADB/WB 2.6°C/1.5°C
Sensible Latent Sensible Latent
ZONE LOADS Details (W) (W) Details (W) (W)
Window & Skylight Solar Loads 36 m? 2420 - 36 m? - -
Wall Transmission 275 m? 9327 - 275 m? 9318 -
Roof Transmission 329 m? 10784 - 329 m? 8612 -
Window Transmission 36 m? 3010 - 36 m? 2796 -
Skylight Transmission 0m? 0 - 0m? 0 -
Door Loads 7 m? 1043 - 7 m? 784 -
Floor Transmission 342 m? 0 - 342 m? 0 -
Partitions 0m? 0 - 0m? 0 -
Ceiling 0m? 0 - 0 m? 0 -
Overhead Lighting 7950 W 7156 - 0 0 -
Task Lighting ow 0 - 0 0 -
Electric Equipment 25891 W 24354 - 0 0 -
People 73 4371 4386 0 0 0
Infiltration - 3298 1955 - 2800 0
Miscellaneous - 0 0 - 0 0
Safety Factor 10% / 10% 6576 634 0% 0 0
>> Total Zone Loads - 72339 6974 - 24310 0
Zone Conditioning - 70699 6974 - 24339 0
Plenum Wall Load 0% 0 - 0 0 -
Plenum Roof Load 0% 0 - 0 0
Plenum Lighting Load 0% 0 - 0 0 -
Return Fan Load 6648 L/s 0 - 6648 L/s 0 -
Ventilation Load 519 L/s 12902 8075 519 L/s 11591 0
Supply Fan Load 6648 L/s 0 - 6648 L/s 0 -
Space Fan Coil Fans - 0 - - 0 -
Duct Heat Gain / Loss 0% 0 - 0% 0 -
>> Total System Loads - 83601 15050 - 35930 0
Central Cooling Coil - 83601 15057 - 0 0
Central Heating Coil - 0 - - 35930 -
>> Total Conditioning - 83601 15057 - 35930 0
Key: Positive values are clg loads Positive values are htg loads
Negative values are htg loads Negative values are clg loads
Hourly Analysis Program v.4.2 Page 1 of 1



10/09/2009
02:43PM
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Data for June

Hourly Air System Design Day Loads for Default System
Total Cooling
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Hourly Air System Design Day Loads for Default System

10/09/2009
02:43PM

Project Name: amozash
Prepared by: khgcro
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Air System Design Load Summary for Default System

Project Name: ANBAR KALA V BHRABARDARE final0 10/09/2009
Prepared by: khgcro 02:49PM
DESIGN COOLING DESIGN HEATING
COOLING DATA AT Jul 1700 HEATING DATA AT DES HTG
COOLING OADB/WB 46.4°C/27.9°C HEATING OADB/WB 2.6°C/1.5°C
Sensible Latent Sensible Latent
ZONE LOADS Details (W) (W) Details (W) (W)
Window & Skylight Solar Loads 78 m? 6887 - 78 m? - -
Wall Transmission 537 m? 17110 - 537 m? 17226 -
Roof Transmission 379 m? 11721 - 379 m? 9923 -
Window Transmission 78 m? 6684 - 78 m? 6040 -
Skylight Transmission 0m? 0 - 0m? 0 -
Door Loads 6 m? 779 - 6 m? 591 -
Floor Transmission 424 m? 0 - 424 m? 0 -
Partitions 0om? 0 - 0om? 0 -
Ceiling 0m? 0 - 0 m? 0 -
Overhead Lighting 7000 W 6512 - 0 0 -
Task Lighting ow 0 - 0 0 -
Electric Equipment 13090 W 12356 - 0 0 -
People 71 4299 4266 0 0 0
Infiltration - 11629 8510 - 9421 0
Miscellaneous - 0 0 - 0 0
Safety Factor 10% / 10% 7798 1278 10% 4320 0
>> Total Zone Loads - 85773 14054 - 47520 0
Zone Conditioning - 80860 14054 - 43712 0
Plenum Wall Load 0% 0 - 0 0 -
Plenum Roof Load 0% 0 - 0 0
Plenum Lighting Load 0% 0 - 0 0 -
Return Fan Load 5561 L/s 0 - 67 L/s 0 -
Ventilation Load 516 L/s 13366 10396 6 L/s 127 0
Supply Fan Load 5561 L/s 0 - 67 L/s 0 -
Space Fan Coil Fans - 0 - - 0 -
Duct Heat Gain / Loss 0% 0 - 0% 0 -
>> Total System Loads - 94225 24450 - 43839 0
Central Cooling Coil - 94225 24451 - -419 0
Preheat Coil - 0 - - 0 -
Terminal Reheat Coils - 0 - - 44257 -
>> Total Conditioning - 94225 24451 - 43839 0
Key: Positive values are clg loads Positive values are htg loads
Negative values are htg loads Negative values are clg loads
Hourly Analysis Program v.4.2 Page 1 of 1




Hourly Air System Design Day Loads for Default System

Project Name: ANBAR KALA V BHRABARDARE final0

Prepared by: khgcro

10/09/2009
02:54PM
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Hourly Air System Design Day Loads for Default System

Project Name: ANBAR KALA V BHRABARDARE final0

Prepared by: khgcro

10/09/2009

02:54PM

Data for August
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Air System Design Load Summary for Default System

Project Name: restaurant base3 12/28/2009
Prepared by: r.mojaddam 05:58E.U
DESIGN COOLING DESIGN HEATING
COOLING DATA AT Aug 1700 HEATING DATA AT DES HTG
COOLING OADB/WB 46.4°C/27.9°C HEATING OADB/WB 2.6°C/1.5°C
Sensible Latent Sensible Latent
ZONE LOADS | Details (W) (W) Details (W) (W)
Window & Skylight Solar Loads|m Y42 Yoaqy - m) .4z - R
Wall Transmission|{m )« 72 YFOYA - mbY).#2 YVFFY -
Roof Transmission{m +2 . - m 2 . -
Window Transmission|m )42 area - m) .4z AY A -
Skylight Transmission|m -2 . - m 2 . -
Door Loads|m Y¥2 \ARAS - m Y¥2 YaAY -
Floor Transmission|{m 7 ¥2 . - m #)¥2 . -
Partitions|m Y¥ .2 ARRRAY - mY¥.2 . -
Ceiling|m 7Y72 VFAAR R m Fre2 . "
Overhead Lighting|W 14Y -« YVAF . R . . :
Task Lighting|W - . - . . R
Electric Equipment|W oY+ ). - . . -
People|V¥? AAYQ AYYY
Infiltration |- YAABA ayYva - YOYVY
Miscellaneous |- Yyaye YYFPY -
Safety Factor|%) + / %) + VPEYS Yoa) %+
Total Zone Loads <<|- VAT LLRER . FYVVE .
Zone Conditioning |- YYFAAY Ya.9. R FYOAF
Plenum Wall Load| % . - . . -
Plenum Roof Load | % . - . . R
Plenum Lighting Load % . - . . -
Return Fan Load|L/s Y74¥¥ . - L/s Y7a¥¥ . -
Ventilation Load [L/s Y¥¥A YOYYY YAYYF L/s YY¥A YAVYA
Supply Fan Load|[L/s Y74¥¥ . - L/s Y#a¥¥ . -
Space Fan Coil Fans|- . - - . -
Duct Heat Gain / Loss|% . - % . -
Total System Loads <<|- YAONNA AVYY. Y o qrvey .
Central Cooling Coil |- YY) VA AVY LA R
Central Heating Coil |- - - aryeyY R
Total Conditioning <<|- YAONNA BYY A o arveyY .
:Key Positive values are clg loads Positive values are htg loads
Negative values are htg loads Negative values are clg loads

Hourly Analysis Program v.4.2 Page 1 of 1



Hourly Air System Design Day Loads for Default System

Project Name: restaurant base3

Prepared by: r.mojaddam

12/28/2009

06:03E.U
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Hourly Air System Design Day Loads for Default System

12/28/2009

06:03E.U
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Hourly Air System Design Day Loads for Default System

Project Name: restaurant base3

Prepared by: r.mojaddam

12/28/2009

06:03E.U
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Air System Design Load Summary for CENTRAL OFFICE

Project Name: CENTRAL OFFICE
Prepared by:KHGCRO

10/08/2009
02:58H

DESIGN COOLING DESIGN HEATING
COOLING DATA AT Aug 1700 HEATING DATA AT DES HTG

COOLING OADB/WB 46.4°C/27.9°C HEATING OADB/WB 2.6°C/1.5°C
Sensible Latent Sensible Latent
ZONE LOADS Details (W) (W) Details (W) (W)
Window & Skylight Solar Loads 342 m? 32969 - 342 m? - -
Wall Transmission 1170 m? 12953 - 1170 m? 13786 -
Roof Transmission 588 m? 9368 - 588 m? 8751 -
Window Transmission 342 m? 16432 - 342 m? 15470 -
Skylight Transmission 0 m? 0 - 0 m? 0 -
Door Loads 12m? 1943 - 12 m? 1241 -
Floor Transmission 532 m? 5974 - 532 m? 11717 -
Partitions 0 m? 0 - 0 m? 0 -
Ceiling 0 m? 0 - 0 m? 0 -
Overhead Lighting 8980 W 8343 - 0 0 -
Task Lighting ow 0 - 0 0 -
Electric Equipment 75332 W 71110 - 0 0 -
People 296 18045 18516 0 0 0
Infiltration - 20399 16165 - 17024 0
Miscellaneous - 0 0 - 0 0
Safety Factor 10% / 10% 19754 3468 10% 6799 0
>> Total Zone Loads - 217292 38149 - 74787 0
Zone Conditioning - 205013 38149 - 67959 0
Plenum Wall Load 0% 0 - 0 0 -

Plenum Roof Load 0% 0 - 0 0

Plenum Lighting Load 0% 0 - 0 0 -
Return Fan Load 12065 L/s 0 - 142 L/s 0 -
Ventilation Load 2342 L/s 54885 46593 28 L/s 526 0
Supply Fan Load 12065 L/s 0 - 142 L/s 0 -
Space Fan Coil Fans - 0 - - 0 -
Duct Heat Gain / Loss 0% 0 - 0% 0 -
>> Total System Loads - 259898 84742 - 68485 0
Central Cooling Coil - 259898 84761 - -445 0
Terminal Reheat Coils - 0 - - 68930 -
>> Total Conditioning - 259898 84761 - 68485 0

Key: Positive values are clg loads Positive values are htg loads

Negative values are htg loads Negative values are clg loads

Hourly Analysis Program v.4.2 Page 1 of 1



Hourly Air System Design Day Loads for CENTRAL OFFICE

Project Name:CENTRAL OFFICE

Prepared by: KHGCRO

10/08/2009

02:26fPM
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Hourly Air System Design Day Loads for CENTRAL OFFICE

Project Name: CENTRAL OFFICE

Prepared by:KHGCRO

10/08/2009

02:26HM
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Air System Design Load Summary for ENGINEERING OFFICE

Project Name: ENGINEERING OFFICE 10/08/2009
Prepared by: KHGCRO 03:10PM
DESIGN COOLING DESIGN HEATING
COOLING DATA AT Jul 1700 HEATING DATA AT DES HTG

COOLING OADB/WB 46.4°C/27.9°C HEATING OADB/WB 2.6°C/1.5°C
Sensible Latent Sensible Latent
ZONE LOADS Details (W) (W) Details (W) (W)
Window & Skylight Solar Loads 198 m? 12557 - 198 m? - -
Wall Transmission 551 m? 6192 - 551 m? 6904 -
Roof Transmission 598 m? 9637 - 598 m? 9467 -
Window Transmission 198 m? 9506 - 198 m? 9521 -
Skylight Transmission 0 m? 0 - 0 m? 0 -
Door Loads 10 m? 1623 - 10 m? 1074 -
Floor Transmission 451 m? 0 - 451 m? 0 -
Partitions 0 m? 0 - 0 m? 0 -
Ceiling 0 m? 0 - 0 m? 0 -
Overhead Lighting 5040 W 4688 - 0 0 -
Task Lighting ow 0 - 0 0 -
Electric Equipment 16612 W 15681 - 0 0 -
People 210 12714 12617 0 0 0
Infiltration - 5930 4553 - 5265 0
Miscellaneous - 0 0 - 0 0
Safety Factor 10% / 10% 7853 1717 0% 0 0
>> Total Zone Loads - 86383 18886 - 32230 0
Zone Conditioning - 81276 18886 - 29203 0
Plenum Wall Load 0% 0 - 0 0 -

Plenum Roof Load 0% 0 - 0 0

Plenum Lighting Load 0% 0 - 0 0 -
Return Fan Load 4784 L/s 0 - 56 L/s 0 -
Ventilation Load 1814 L/s 42527 34965 21L/s 437 0
Supply Fan Load 4784 L/s 0 - 56 L/s 0 -
Space Fan Coil Fans - 0 - - 0 -
Duct Heat Gain / Loss 0% 0 - 0% 0 -
>> Total System Loads - 123803 53851 - 29640 0
Central Cooling Coil - 123803 53858 - -25 0
Terminal Reheat Coils - 0 - - 29665 -
>> Total Conditioning - 123803 53858 - 29640 0

Key: Positive values are clg loads Positive values are htg loads

Negative values are htg loads Negative values are clg loads

Hourly Analysis Program v.4.2
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Hourly Air System Design Day Loads for ENGINEERING OFFICE

Project Name:ENGINEERING OFFICE

Prepared by: KHGCRO

10/08/2009

02:29¥M
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Hourly Air System Design Day Loads for ENGINEERING OFFICE

Project Name: ENGINEERING OFFICE

Prepared by:KHGCRO

10/08/2009

02:29HM
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Air System Design Load Summary for BANK

Project Name: BANK
Prepared by:KHGCRO

10/08/2009

03:20H

DESIGN COOLING DESIGN HEATING
COOLING DATA AT Aug 1600 HEATING DATA AT DES HTG

COOLING OADB/WB 46.8 °C/28.0 °C HEATING OADB/WB 2.6°C/1.5°C
Sensible Latent Sensible Latent
ZONE LOADS Details (W) (W) Details (W) (W)
Window & Skylight Solar Loads 70 m? 7250 - 70 m? - -
Wall Transmission 730 m? 7477 - 730 m? 8405 -
Roof Transmission 411 m? 4137 - 411 m? 4307 -
Window Transmission 70 m? 4046 - 70 m? 4024 -
Skylight Transmission 0 m? 0 - 0 m? 0 -
Door Loads 10 m? 2115 - 10 m? 1095 -
Floor Transmission 450 m? 0 - 450 m? 0 -
Partitions 0 m? 0 - 0 m? 0 -
Ceiling 0 m? 0 - 0 m? 0 -
Overhead Lighting 9400 W 8696 - 0 0 -
Task Lighting 5200 W 4812 - 0 0 -
Electric Equipment 32086 W 30162 - 0 0 -
People 245 14639 14720 0 0 0
Infiltration - 10142 5245 - 8814 0
Miscellaneous - 0 0 - 0 0
Safety Factor 10% / 10% 9347 1996 10% 2664 0
>> Total Zone Loads - 102821 21961 - 29309 0
Zone Conditioning - 97690 21961 - 29852 0
Plenum Wall Load 0% 0 - 0 0 -

Plenum Roof Load 0% 0 - 0 0

Plenum Lighting Load 0% 0 - 0 0 -
Return Fan Load 7958 L/s 0 - 7958 L/s 0 -
Ventilation Load 2542 L/s 61417 33715 2542 Lis 56243 0
Supply Fan Load 7958 L/s 0 - 7958 L/s 0 -
Space Fan Coil Fans - 0 - - 0 -
Duct Heat Gain / Loss 0% 0 - 0% 0 -
>> Total System Loads - 159106 55675 - 86096 0
Central Cooling Coil - 159106 55684 - 0 0
Central Heating Coil - 0 - - 86096 -
>> Total Conditioning - 159106 55684 - 86096 0

Key: Positive values are clg loads Positive values are htg loads

Negative values are htg loads Negative values are clg loads
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Hourly Air System Design Day Loads for BANK

10/08/2009

Project Name: BANK
Prepared by:KHGCRO

02:19AM
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Hourly Air System Design Day Loads for BANK

10/08/2009

Project Name: BANK

02:19¥PM

Prepared by: KHGCRO
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Project Name:Customer East Affairs

Air System Design Load Summary for Customer East Affairs
10/08/2009

Prepared by: KHGCRO 03:26PM
DESIGN COOLING DESIGN HEATING
COOLING DATA AT Aug 1700 HEATING DATA AT DES HTG

COOLING OADB/WB 46.4°C/27.9°C HEATING OADB/WB 2.6°C/1.5°C
Sensible Latent Sensible Latent
ZONE LOADS Details (W) (W) Details (W) (W)
Window & Skylight Solar Loads 27 m? 3434 - 27 m? - -
Wall Transmission 227 m? 2319 - 227 m? 2614 -
Roof Transmission 100 m? 1042 - 100 m? 1048 -
Window Transmission 27 m? 2172 - 27 m? 2121 -
Skylight Transmission 0 m? 0 - 0 m? 0 -
Door Loads 4 m? 546 - 4m? 408 -
Floor Transmission 100 m? 0 - 100 m? 0 -
Partitions 0 m? 0 - 0 m? 0 -
Ceiling 0 m? 0 - 0 m? 0 -
Overhead Lighting 1360 W 1301 - 0 0 -
Task Lighting ow 0 - 0 0 -
Electric Equipment 10000 W 9661 - 0 0 -
People 22 1430 1322 0 0 0
Infiltration - 1445 1219 - 1283 0
Miscellaneous - 0 0 - 0 0
Safety Factor 10% / 10% 2335 254 0% 0 0
>> Total Zone Loads - 25684 2794 - 7474 0
Zone Conditioning - 24606 2794 - 6845 0
Plenum Wall Load 0% 0 - 0 0 -

Plenum Roof Load 0% 0 - 0 0

Plenum Lighting Load 0% 0 - 0 0 -
Return Fan Load 1446 L/s 0 - 17 L/s 0 -
Ventilation Load 190 L/s 4442 4017 2L/s 45 0
Supply Fan Load 1446 L/s 0 - 17 Lis 0 -
Space Fan Coil Fans - 0 - - 0 -
Duct Heat Gain / Loss 0% 0 - 0% 0 -
>> Total System Loads - 29048 6811 - 6890 0
Central Cooling Coil - 29048 6814 - -92 0
Preheat Coil - 0 - - 0 -
Terminal Reheat Coils - 0 - - 6982 -
>> Total Conditioning - 29048 6814 - 6890 0

Key: Positive values are clg loads Positive values are htg loads

Negative values are htg loads Negative values are clg loads
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Hourly Air System Design Day Loads for Customer East Affairs

10/10/2009

Project Name:Customer East Affairs

Prepared by: KHGCRO
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Hourly Air System Design Day Loads for Customer East Affairs

05:45AM

10/10/2009

Project Name:Customer East Affairs

Prepared by:KHGCRO
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Air System Design Load Summary for Default System
Project Name: amozash
Prepared by: KHGCRO

DESIGN COOLING DESIGN HEATING
COOLING DATA AT Jul 1600 HEATING DATA AT DES HTG
COOLING OA DB /WB 46.8°C/28.0°C HEATING OA DB /WB 2.6°C/1.5°C
Sensible Latent Sensible Latent
ZONE LOADS |Details (W) (W) Details (W) (W)
Window & Skylight Solar Loads|m Y72 Y¥PA - m Y#2 - -

Wall Transmission|m YVYa2 Y474 - m Yvaz YYYY -

Roof Transmission|m YY42 Fay4 - m Yyaz Favy -
Window Transmission|m Y72 YAVY - m Y72 Yvas -
Skylight Transmission|{m +2 . - m 2 . -

Door Loads|{m V2 Yoo - m V2 VA¥ -

Floor Transmission|{m Y¥Y2 . - NARALS . -

Partitions{m +2 . - m 2 . -
Ceiling|m -2 . - m 2 . -

Overhead Lighting|W YA« YAV F - . . -

Task Lighting|W -+ . - . . -

Electric Equipment|W YoA%) Y¥AITY - . ; -

People|VYY FYFY FYAF . . .

Infiltration |- AR BRI - NARY .
Miscellaneous |- . . - . .

Safety Factor|%): / %)+ FYYY oY % . .

Total Zone Loads <<|- AY . FA Fovy - 1¥04. .

Zone Conditioning |- davad Favy - YYEVY .

Plenum Wall Load| % . - . . -

Plenum Roof Load |%: . - . . -
Plenum Lighting Load| %" . - . . -

Return Fan Load|L/s Y477 . - L/s Yyass . _
Ventilation Load|L/s 814 YYOYA V7VA L/s ovd ARRAR .
Supply Fan Load|L/s Y477 . - L/s Ya¢¢ . -
Space Fan Coil Fans|- . - - . _
Duct Heat Gain / Loss|%* . - % . N
Total System Loads <<|- FYQYY \¥VaO o YFaNY .
Central Cooling Coil |- FYAYY AN - . .
Central Heating Coil |- . - - YFary -
Total Conditioning <<|- FYQYY \FVOV o YPaY .

:Key Positive values are clg loads Positive values are htg loads

Negative values are htg loads Negative values are clg loads
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Hourly Air System Design Day Loads for Default System

Project Name:AMOZESH
Prepared by: KHGCRO

Datafor August
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Air System Design Load Summary for Default System
Project Name: ANBAR KALA V BHRABARDARE
Prepared by: KHGCRO

DESIGN COOLING DESIGN HEATING
COOLING DATA AT Jul 1700 HEATING DATA AT DES HTG
COOLING OA DB /WB 46.4°C/27.9°C HEATING OA DB /WB 2.6°C/1.5°C
Sensible Latent Sensible Latent
ZONE LOADS |Details (W) (W) Details (W) (W)
Window & Skylight Solar Loads|m VA2 FAAY - m VA2 - -

Wall Transmission|m &YVv2 AVFY - m oYv2 FYOA -

Roof Transmission|m YV42 Y4 - m Yvaz avoay -
Window Transmission|m VA2 Fay - m VA2 [T -
Skylight Transmission|{m +2 . - m 2 . -

Door Loads|m 72 vye - m 72 849 -

Floor Transmission|{m ¥ Y¥2 . - m FY¥2 . -

Partitions{m -2 . - m 2 . -
Ceiling|m -2 . - m +2 . -

Overhead Lighting|W YA Y70 - . . -

Task Lighting|W -+ . - . . -

Electric EQuipment|W Y+ 4. YYYOP - . . -

People |V FYa4q FYPP . . .

Infiltration |- FYFY 410 - dA0A .
Miscellaneous |- . . - . .

Safety Factor|%"+ / %+ davy VA %\ Y¥Y. .

Total Zone Loads <<|- dOAFA R o YevYa .

Zone Conditioning |- DYAAF KX _ YFEY . .

Plenum Wall Load| % . - . . -

Plenum Roof Load |%: . - . . -
Plenum Lighting Load| %" . - . . -

Return Fan Load|L/s Y+ oA . - L/s ¥? . -
Ventilation Load|L/s oY+ AARRA VAYFA Lis 7 ARAY .
Supply Fan Load|L/s ¥+ oA . - L/sY? . -
Space Fan Coil Fans|- . - - . _
Duct Heat Gain / Loss|%* . - % . N
Total System Loads <<|- FEAY \RR A 4% - YPa¥s .
Central Cooling Coil |- FE LAY AR R AY - YYY- .
Preheat Coil |- . - - . N
Terminal Reheat Coils|- . - - YFVYA -
Total Conditioning <<|- FEOAY Yovey o YPO¥F .
:Key Positive values are clg loads Positive values are htg loads
Negative values are htg loads Negative values are clg loads

Hourly Analysis Program v.4.2 Page 1 of 1
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Hourly Air System Design Day Loads for Default System
Datafor June

Project Name: ANBAR KALA V BHRABARDARE

Prepared by: KHGCRO
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Hourly Air System Design Day Loads for Default System

Project Name: ANBAR KALA V BHRABARDARE

Prepared by: KHGCRO
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Prepared by: r.mojaddam

Air System Design Load Summary for Default System

Project Name: restaurant standard2

12/28/2009
06:00E.U

DESIGN COOLING DESIGN HEATING
COOLING DATA AT Aug 1600 HEATING DATA AT DES HTG
COOLING OADB/WB 46.8°C/28.0°C HEATING OADB/WB 2.6°C/1.5°C
Sensible Latent Sensible Latent
ZONE LOADS |Details (W) (W) Details (W) (W)
Window & Skylight Solar Loads|m Y42 9¥Y - m )42 - R

Wall Transmission|m ) « 72 YYALY - md).s2 Y¥YL4 -

Roof Transmission|m +2 - m 2 -
Window Transmission|{m )+ 42 YY) - m .42 YFY -
Skylight Transmission|m -2 - m 2 -

Door Loads|m Y¥2 4.4 - m Y¥2 YAAY R

Floor Transmission|m 7)¥2 - m 7)¥2 -

Partitions|m Y¥ .2 GABA - mY¥.2 -
Ceiling|m 7772 YYFAY - m #ye2 R

Overhead Lighting|W YVA AR - -

Task Lighting|W - - R

Electric Equipment|W &¥ e A - -

People|V¥? AVY¥ AYYY
Infiltration |- AATY Fy. - YOYVY
Miscellaneous |- Yyave YVEFY -
Safety Factor|%)* / %)+ ARARAY YA %+
Total Zone Loads <<|- VYA YYeYY o YEOVE .

Zone Conditioning |- VVPVFY YYFYY - Yvoo¥

Plenum Wall Load| % - -

Plenum Roof Load | % - -
Plenum Lighting Load % - . -

Return Fan Load|L/s 4¥YY - L/s 4¥¥Y -
Ventilation Load|L/s YY¥fA YYOY) \EARN L/s YY¥A YaAd.
Supply Fan Load [L/s 3¥¥Y - L/s 4¥¥Y -
Space Fan Coil Fans|- - - -
Duct Heat Gain / Loss|% - %+ . -
Total System Loads <<|- VFAYVA FagyyY o FVFFY .
Central Cooling Coil |- YFAYVA far.o -
Central Heating Coil |- - - FYEYF R
Total Conditioning <<|- VFAYVA Faf.o o FVEFYF .
:Key Positive values are clg loads Positive values are htg loads
Negative values are htg loads Negative values are clg loads

Hourly Analysis Program v.4.2
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Hourly Air System Design Day Loads for Default System

Project Name: restaurant standard2

Prepared by: r.mojaddam

12/28/2009

06:00E.U
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Hourly Air System Design Day Loads for Default System

12/28/2009

06:00E.U
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Project Name: restaurant standard2

Prepared by: r.mojaddam
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Hourly Air System Design Day Loads for Default System

Project Name: restaurant standard2

Prepared by: r.mojaddam

12/28/2009

06:00E.U
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ABSTRACT

A transient flow simulation for gas pipelines and networks is
proposed. The proposed transient flow simulation is based on
the state space equations. The equivalent transfer functions of
the nonlinear governing equations are derived for different
boundary conditions types. Next, the state space equations are
derived from the transfer functions. To verify the accuracy of the
proposed simulation, the results obtained are compared with
those of the conventional finite difference schemes (such as total
variation diminishing algorithms, method of lines, and other
finite difference implicit and explicit schemes). The effect of the
flow inertia is incorporated in this simulation. The accuracy and
computational efficiency of the proposed method are discussed
for a single gas pipeline and a sample gas network.

Keywords: transient flow, transfer function, state space,
natural gas, gas pipeline.

LINTRODUCTION

Natural gas transportation and distribution are commonly
accomplished in many countries through the gas pipelines and
networks. Due to the on-line controlling and reasons that are
incidental or/and accidental to the operation of gas transmission
pipelines or networks, transient flows do commonly arise. Thus,
pipeline operations are actually transient processes and in fact
steady state operations are rarity in practice. The governing
equations for a transient subsonic flow analysis of natural gas in
pipelines are a set of two nonlinear hyperbolic partial differential
equations. Many algorithms and numerical methods such as
implicit and explicit finite differences, method of characteristics
and so on, have been applied by several researchers for transient

flow in gas pipelines [1]-[6]. However, almost all of these
conventional schemes are time consuming especially for gas
network analysis.

Some of investigators [1], [2] have neglected inertia term in
momentum equation to linearize partial differential set of
equations. But, it will result in loss of accuracy. Yow introduced
the concept of inertia multiplier to partially account the effect of
the inertia term [3]. Osiadacz et al. simulated transient gas flow
with isothermal assumption without neglecting any terms in
momentum equation for gas networks [4]. Kiuchi used an
implicit method to analyze unsteady gas networks at isothermal
conditions [6]. Also, Dukhovnaya and A. Michael [7], and Zhou
and Adewumi [8] did flow simulation with the same
assumptions and using TVD schemes. Tentis et al. have used an
adaptive method of lines to simulate the transient gas flow in
pipelines [9]. Ke and Ti analyzed isothermal transient gas flow
in the pipeline networks using the electrical models for the loops
and nodes [10]. Recently, Gonzales et al. [11] have used
MATLAB-Simulink and prepared some S-functions to simulate
transient flow in gas networks. At their work, two simplified
models have derived containing Crank-Nicolson algorithm and
method of characteristics. Reddy et al. [12] have proposed an
efficient transient flow simulation for gas pipelines and
networks using the transfer functions in Laplace domain. They
derived the equivalent transfer functions for the governing
equations and then, using the convolution theorem, they
obtained the series form of the output in the time domain.
Behbahani-nejad and Bagheri [13] prepare a MATLAB-
Simulink library to simulate the transient flow in gas pipelines
and networks. They derived the transfer functions of a single
pipeline to develop a MATLAB-Simulink library and then
extended it for a gas pipeline network simulation.
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In the present study, the state space equations are employed
for simulation of transient flow in gas pipelines and networks.
For this purpose, the mathematical model of the transient flow in
a gas pipeline is presented. Next, the flow transfer functions are
derived based on the mathematical model. Finally, the state
space equations are obtained using the transfer functions and are
employed to analyze transient flow in a gas pipeline and a gas
network.

Il. MATHEMATICAL MODEL

The set of partial differential equations describing the
general one-dimensional compressible gas flow dynamics
through a pipeline under isothermal conditions is obtained by
applying the conservation of mass, momentum and an equation
of state relating the pressure, density and the temperature. For a
general pipe as shown in Fig. 1., these hyperbolic partial
differential equations are [14]

dp  d(pu)
- = 1
ot ox 0 M
d(pu) 9(pu*+P)  pulul .
- _ _ 2)
ot o D f —pgsina (
P = pZR, 3)

where p is the gas density, P is the pressure, u is the gas axial
velocity, g is the gravitational acceleration, a is the pipe
inclination, f is the friction coefficient, Z is the gas
compressibility factor, and D is the pipeline diameter.

Fig. 1. A control volume in a general gas pipeline

The governing equations in matrix form are
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Another form of the relations (1) and (2) versus the gas
pressure and the mass flow rate can be written as [14]

d P N 1om 0 ©)
ot\(1+kP)RT) Aodx
P 10m RTa (1+kP) .
ox  Aodx 0x AP m
f mlm| - %)
- mT(l + kP)RT
Ah P

9L A+ kP)RT

where i shows the mass flow rate and k is an experimental
parameter which is used to compute the compressibility factor,
ie.

Z=1+kP (8)

lll. FLOW TRANSFER FUNCTIONS

To obtain the flow transfer functions, Py, Ty, 4y, and p, are
considered as the reference values and the nonlinear partial
differential equations (6) and (7) are linearized about them.
Moreover, these reference values are also considered to define
the corresponding dimensionless variables expressed as

Pr=p=o ©

where u, is the average gas velocity in the pipe and is calculated
as [14]

U = (min + maut)ZORTO
0 (Pin + Pout)AO

(10)

When the governing equations (6) and (7) are linearized and
the nondimensional variables are used, with some mathematical
manipulations one obtains [14]

dAm* dAP*

9t ot

(11)
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Since for the practical subsonic transient flows u* = u,/c <
1, one can omits u** at the left hand side of (12). Taking the
Laplace transform of (11) and (12), yields the following two
coupled linear ordinary differential equations

O (s) )
T = —sAP (S) (15)
—aAI;;(S) = —[Ju*|fL* — s]am*(s) +

. (16)
fL * * ghh * *
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After imposing the boundary conditions, the above system of
ODE can be solved. For example, if the gas pressure at the inlet
and the mass flow rate at the pipe outlet are specified as
functions of time, the above system of ODE results in [14]

* — 2 2b *
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where a, 8, b and y are defined in annex A. After Taylor-
expansion of the hyperbolic terms in (17), the simplified transfer
functions are

{Apout*(s) = Fp e pinBPn(S) + Fpy o Moue AMoue (S) (18)
AM;,"(s) = FMin,PmAPL'*n () + FMin,MoutAM;ut (s)
where
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F _ 1+ b;s 21
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The coefficients of the above expansions are also presented
in annex A. For other types of the boundary conditions, similar
relations can be obtained.

IV. STATE SPACE MODEL

When the flow transfer functions are obtained, they are used
to derive the state space equations for transient analysis. The
block diagram of the model is shown in Fig. 2. shows also the
selected variables as states of the system (x; to x,), two inputs,
gas pressure at the inlet and mass flow rate at the outlet, and two
outputs, the outlet pressure and the inlet gas flow rate. So the
state space equations are
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a; a;
-1 1
Xy =X+ =Py (24)
a, aq
S . 7Y 25
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1 2 75 CIAZ + in
1+a,s i A
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M
out #,
1+a,s
7 4
1+d;s

Fig.2. Block diagram of model when the inlet pipeline pressure and

the outlet gas flow rate are inputs

Outputs of the systems can be written as follows

by by k;,
Pour = %1 + (1 - T) X3 ——— Moy 27
a; a;
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For other boundary conditions, similar models can be made.

The proposed approach is now extended to simulate a gas
network. A typical network which has been studied by Osiadacz
[4], Ke and Ti [10], and Behbahani-nejad and Bagheri [13] is
considered and simulated with the present approach. Fig. 3.
shows schematic of this network. The accuracy of the obtained
results of the proposed simulation are discussed in the next
section.

0,

",

Fig. 3. The gas pipeline network

V. RESULTS AND DISCUSSIONS

The results of the proposed transient simulation are
compared with the obtained results of Reddy et al. [12] for a
single pipeline. In order to verify the accuracy of the present
state space model, a 8000 m long pipeline of 0.406 m diameter
with an elevation of 1 m was considered as a test case. The
pipeline transports natural gas with 0.675 specific gravity at
27°C. The gas viscosity is 1 X 1075 N.sec/m?, while the
pipeline wall roughness is 0.046 mm. At the pipeline’s inlet, the
gas pressure is kept constant at 6 MPa, whereas the pipe’s mass
flow rate at the outlet varies with a 6000-sec cycle,
corresponding to changes in consumer demand within 6000 sec
as is depicted in Fig. 4.

Figure 5. illustrates the present results of state space model
for mass flow rate time changes at the pipe inlet, along with the
obtained results by Reddy et al. [12]. It can be seen that there is
good agreement and both models produce identical results.

A 72259.5m long pipeline of 0.2m diameter was
considered as another case test. The experimental data is
available for this problem and has been studied by Taylor et al.
[15], Zhou and Adewumi [8], Tentis et al. [9], and also
Behbahani-nejad and Bagheri [13]. The pipeline transports
natural gas of 0.675 specific gravity at 10°C. The gas viscosity
is 1.1831 x 1075 N.sec/m?, while the pipeline wall roughness
is 0.617 mm and isothermal sound speed equals 367.9 m/s. At
the pipeline’s inlet, the gas pressure is kept constant at 4.205
MPa, whereas the pipe’s mass flow rate at the outlet varies with

a 24-hour cycle, corresponding to changes in consumer demand
within a day as is depicted in Fig. 6.
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Fig. 4. A 6000-sec irregular flow imposed at the pipe outlet
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Fig. 6. A 24-hour irregular flow imposed at the pipe outlet
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Figure 7. illustrates the results of present state space model
for pressure time changes at the pipe outlet, along with those of
the others [8], [9], [15] and the experimental results. The results
of present state space model is comparable with other results and
behaves like nonlinear finite difference models.

32
———-—- Zhou and Adewumi (1995)
3F — — — — Tentis et. al (2003)
e Taylor et. al (1962)
28 L] Experimental data
26 — Present State Space

Pressure (MPa)

Time(hours)

Fig. 7. Comparison of pressure time history at the outlet

Finally, a typical network as shown in Fig. 3. was considered
to validate the results of the present gas network simulation. The
geometrical data of the network is introduced in Table I and the
gas demand at the nodes 2 and 3 are illustrated in Fig. 8. The
pressure source in the network is node 1 which is maintained at
a constant pressure of 5 MPa. The gas specific gravity is
approximately 0.6, the operational temperature is 5°C, and the
friction factor is considered to be constant and equal to 0.003.
The present simulation results are compared with those obtained
by Osiadacz [4], Ke and Ti [10], and Behbahani-nejad and
Bagheri [13] in Figs. 9. and 10. The obtained results are in good
agreement with the others.

Demand from node 2
————— Demand from node 3

w
(3

30
25
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N
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0 | | | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20 22 24

Time (Hour)

Fig. 8. Demands versus time for nodes 2 and 3 of the simulated

network

Gas Pipe From To Diameter  Length
ID node node (m) (km)
1 3 0.6 80
2 1 2 0.6 90
3 2 3 0.6 100

Table 1. Pipe geometrical data for the considered network
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Fig. 9. Outlet pressure results for nodes 2

5.1

e Osiadacz (1987)

———-—- Ke and Ti (1999)

— — — — Behbahani-nejad and Bagheri (2008)
Present State Space

5.05

»
©
a

Pressure (MPa)
>
©

»
)
a

4.8

| | | | | | | | | | |
4'750 2 4 6 8 10 12 14 16 18 20 22 24

Time (Hour)

Fig. 10. Outlet pressure results for nodes 3

VII. CONCLUSION

The proposed simulation can be applied to analyze the
transient flow of natural gas in pipelines and networks with a
sufficient accuracy. Since the proposed simulation is used the
state space of the transient gas flows, it is more computationally
efficient than the other finite difference methods. On the other
hand, one can assemble the state space equations of all the
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network pipes to simulate the dynamic behavior of a gas
network. So the state space model can be used efficiently for
more complicated networks. However, because the present
simulation is based on the flow state space equations, it only can
give the endpoints results, not those distributions along the
pipelines.
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ANNEX A

In this annex, the algebraic expressions of the parameters
used in (17) and (19)-(28) are presented. «, 8, y and b which are
used in (17) are stated as[14]

a(s) = a; + aps (A-1)
B(s) = pis (A-2)
Y(S) =v1+72s (A-3)
b(s) = \[y? + 4aB/2 (A-4)

where

a, = |w|fL", ay=L/c, Bi=L/c,
L* Ah *
=1 —8 =20l

T2 c2’

u*lu*l (A'S)

The other parameters which have been used in (19)-(28) are
[13]

_ onqt 11,1
a, =ez2 {_a1a2 (1__7/1 el SRl £1 +)}
(A-6)

2 671 " 22 240
_r
2
ky = en (A7)
1
a1 = a1 - _]/2 (A-g)
2
)41 1
_ B 2 4 A-9
kp =€ 0‘1(1+24V1 toz0M ) (A-9)

a N (0-’1[”1 + %Vﬂ/z) (1 + %hz)

by = (A-10)
a 1 ., 1 4
1 1+4V1 +320V1
YL 1 1
ci=e2p; <1 +ﬁ]/12+m]/14) (A-11)
1
dy =+ 37, (A-12)
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Equivalent electrical network used in the software.
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