MONROE BROTHERS LTD klu‘

Customer Sigmaphi o
Project JLab Q2-Q3 Pressure Relief SF /13603
Design Note Chimney Pressure Dop Analysis Quench Design Note 235  Issue 1
msg_corner Version  Pressure Drop RefProps 150902.xls
CONVERGENCE ANALYSIS Pressure Flow
calculation_method Converge Distribution Node Pressure Drop
ping (No convergence at 100%) 0.5 Absolute error 0.00% 0.00%
Error_Converge 0.002% = Error threshold for convergence 2.0% oy
Error_Target 0.002% SR I =—) Damping (No convergence at 100%) 40% 30.00% 9 ;Eﬂtﬁ:‘\gg tosses
Counter 3 QO 1nitial calculation New calculated value 5.503 29.36% _3 OSudden contraction / expansion
s N
Max_Count 10 @ Convergence . . ‘EZ E\I}Igﬂ/r:statlc
Succesful Convergence Initial estimate 30.000 33.00% Formula_block g O Flow meter
Used Estimate 5.503 29.36% Est numbers 54
HeatTransfer Evrror #DW/O! Design-Analysis Worksheet Next estimate 5.503 29.36% Calc_numbers §3
a
PRESSURE DROP ANALYSIS Fluid Fluid Helium Ambient 24.00 éC Ef
Drawing 318711-) LA-001-001-detail of Helium chimney-revB.PDF Chimney pipe heat flux 0OwW/m/ 75.20 éF %0
Include the obstruction of the conductor support in th pipe close to the CCR and the larger diameter of the pipe close to the CCR 297.15 K =z CHB2 I PRV EPISNSRSE 2882 PRV I PIRNGR8S
Inlet pressure 5.503 bar A SA Heat Flux Heating Vent Flow °§§°,§:g(ﬁ,§§g”“‘”””’§ °§§°,§5,§**,§5,§””NN"’§
Inlet temperature 6.89 K Heliumvessel  10.055 m/ oW /ml 0.0 W 0 kg /hr 0.0% Exclude So gaoy 293 € °° g3 283 €
Outletpressure  Target 5.473 barA Helium vessel - ID 4.488 m/ 0oW/ml 0.0 W 0 kg /hr 0.0% Exclude -7 S Node Bescripton S <
Calculated 5.473 bar A oil Assy - Quench SA 2.706 m/ 24500 W /m} 66.3 W 9594 kg /hr 100.0% Include
Error 0.00% Coil Assy 10.556 m/ owW/m 0.0 W 0 kg /hr 0.0% Exclude X
Outlet temperature 6.88 K Chimney 0.971 m/ owW/m 0.0 W 0 kg /hr 0.0% Exclude Cumulative Pressure Drop
Instrument wire Include CCR 0.984 m/ 0owW/m 0.0 W 0 kg /hr 0.0% Exclude 35
Total  29.76 m/ 66.3 W 9594 kg /hr 100.0% 30
Large Pipe g;s
Lead Clamp Instrumen:ad Clamp Instrument Total Inst Conductor 515
Area 1068.61 mm/ 29.36%  70.64% 310
Perimeter  140.67 mm Flow rate 9594 2817 6777 kg /hr ®
Large diameter 37.58 mm 2.665 0.783 1.882 kg /s § 0
Small diameter 7.195 mm Outlet pressure 5.473 5.473 barA £ Y s PN E PO NGRS 5 O3 s PERnEPEoNgSS S
Width - Large piece 75.0 mm Pressure drop 0.030 0.030 barA SySCEE T T REaNNNNME O30Sz T sz e NNNNMY
Width small piece 36.0 mm E rror 0.00% 83 gfx 28y € 83 g8y 283 €
Thickness 1.0 mm - < NN CO - - N &
Geometry & Section Diam [nner diam FlowHeat Load Length| Verticalre Change Section Valve Flowmeter UnitDP Node Description
Pressure Drop orwidth ordepth Paths| per path Rise /-Falllon Losses  Fittings Change 1ydrostatic Total
mm mm W /m m m mbar mbar mbar mbar mbar mbar| mbar/m Pressure Profile —Instr. Pipe
Instr. Pipe S mooth 52.20 1 0.0 0.246 0.238 0.93 10.18 6.38 1.67 19.16 3.78 .
Instr. P Weld ring S mooth 48.20 1 0.0 — Instr. P Weld ring
1 0.0 5.51 4
Instr. CCR Smooth 82.80 1 0.0 0.517 0.517 0.18 1.67 3.61 5.47 0.35 5.50 4
Instr. XPipe S mooth 77.90 1 00 0452 0452 0.16 1.78 3.16 5.09 035|| 550 Instr. CCR
Instr. XP Weld ring S mooth 73.90 1 0.0 0.031 0.031 0.01 0.12 0.22 0.35 0.46( = .
1 0.0 3 549 4 —Instr. XPipe
Cond. Pipe |Smooth 52.50 2 0.0 0.246 0.238 0.56 8.58 6.63 1.67 17.44 2.25 % 549 | ——Instr. XP Weld ring
Cond. P Weld Ring S mooth 48.50 2 0.0 o
Cond. P Clamp|Coaxial 37.58 7.20 2 0.0 & 5.48 4 —
Cond. CCR |Smooth 82.80 2 0.0 0.517 0.517 0.29 2.63 3.61 6.53 0.57 5.48 — Cond. Pipe
Cond. XPipe 'S mooth 77.90 2 0.0 0.452 0.452 0.18 2.30 3.16 5.64 0.40 .
Cond. XP Weld ring S mooth 73.90 2 00 0031 0031 0.01 024 022 0.47 0.44 547 " " ¥ " X " '
Cond. XP Clamp S mooth 82.80 2 0.0 0 0204 06 08 ! 12 14
Total Instr. Path 1.247, 1239 1.29  10.18 9.96 8.65 30.07 Position m
Total Cond. Path 1.247 1.239 1.04 8.58 11.80 8.65 30.07
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MONROE BROTHERS LTD g

Customer Sigmaphi
Project ILab Q2-Q3 Pressure Relief SF /13603
Design Note Chimney Pressure Dop Analysis Instr. Pipe Design Note 235 Issue 1
Line number (Typical) Cryostat | Instr. Pipe Instr. Pipe Instr. Pipe Instr. XPip Instr. XP V Instr. XP V Instr. XPip Instr. XPip Instr. XPip Instr. XP V Instr. XP V Instr. XPip Instr. CCR Instr. CCR Instr. CCR Instr. CCR Instr. CCR CCR
010 03045¢ 040 45¢ 090 130 132 Ring 134 150 155 260 262 Ring 264 270 272 280 290 300/ Terminatj
Elbow Elbow Divergent Taper Taper Taper Taper on
Description
Conditions  "Two phase" or "gas" Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas
Inlet pressure bar A 5.503 5.503 5.495 5.490 5.484 5.482 5.481 5.481 5.481 5.481 5.479 5.479 5.479 5.478 5.478 5.476 5.475 5.475 5.473
mbar A 5503 5503 5495 5490 5484 5482 5481 5481 5481 5481 5479 5479 5479 5478 5478 5476 5475 5475 5473
Outlet pressure bar A 5.503 5.495 5.490 5.484 5.482 5.481 5.481 5.481 5.481 5.479 5.479 5.479 5.478 5.478 5.476 5.475 5.475 5.473
mbar A 5503 5495 5490 5484 5482 5481 5481 5481 5481 5479 5479 5479 5478 5478 5476 5475 5475 5473
Inlet temperature &
K 6.89 6.89 6.89 6.89 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88
Heat (imposed at outlet) w 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Checking data entry Mixture oK oK oK oK oK oK 0K oK 0K oK 0K oK 0K oK oK oK oK 0K 0K
Temperature oK oK oK oK oK 0K oK 0K oK 0K oK 0K oK oK oK oK 0K 0K 0K
Temperature oK oK oK oK oK 0K oK 0K 0K oK 0K oK 0K oK 0K oK 0K 0K 0K
Gas flow rate oK oK oK oK oK oK oK 0K oK 0K oK 0K oK oK oK oK oK 0K 0K
Liquid flow rate oK oK oK oK oK oK 0K 0K oK oK OK OK OK OK OK OK OK OK OK
Mass flows 0K oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK OK
Section Change OK oK OK OK OK OK OK OK Error OK OK OK OK OK OK OK OK OK OK
Flow rate as kg /hr
Liquid kg /hr
Gas g/s 782.5
Liquid g /s
Gasused g/s 782.5 782.5 782.5 782.5 782.5 782.5 782.5 782.5 782.5 782.5 782.5 782.5 782.5 782.5 782.5 782.5 782.5 782.5 782.5
Liquid used g /s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Inlet temperature & -266.26| -266.26 -266.26 -266.26 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27| -266.27
K 6.89 6.89 6.89 6.89 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88
Outlet temperature & -266.26| -266.26 -266.26 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27
K 6.89 6.89 6.89 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88
GEOMETRY Length m 0.0000| 0.1336  0.0564  0.0564 0.0909 0.0075 0.0081 0.0075 0.1000 0.2462  0.0075 0.0081  0.0075 0.1000 0.2430  0.0610 ~ 0.1130  0.0000
Vertical rise m 0.0000| 0.1336  0.0524  0.0524 0.0909 0.0075 0.0081 0.0075 0.1000 0.2462  0.0075 0.0081  0.0075 0.1000 0.2430  0.0610 ~ 0.1130  0.0000
Tvpe Smooth| Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth ‘onvoluted  Smooth ~ Smooth
Number of flow paths
Maximum diameter / depth mm 1000.00 52.20 52.20 52.20 77.90 73.90 73.90 77.90 77.90 77.90 73.90 73.90 77.90 82.80 82.80 82.80 82.80  545.00
Minimum diameter / Width
Obstruction
Instr 1 Diam mm 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00 13.00
Instr 2 Diam mm 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00
Instr 3 Diam mm 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00
Weld Strip Width - Pair mm 10.00 10.00
Weld Strip Depth - Pair mm 2.00 2.00
Conductor width mm n-a n-a n-a n-a n-a n-a n-a na n-a na n-a na na na na na na
Conductor depth mm n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a na na na na na na
Conductor S upport width mm n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a na na na na na
Conductor Support depth mm n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a na na na na na na
onductor Support recess mm n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a n-a
Conductor strutts width mm n-a n-a n-a n-a n-a na n-a na n-a na n-a na na na na na na
Conductor strutts width mm n-a n-a n-a na n-a na n-a na n-a na n-a na na na na na na
onductor strutts thickness mm n-a n-a n-a n-a n-a na n-a na n-a na n-a na na na na na na
Obstructed area mm/ 373.06 373.06 373.06 373.06 373.06 373.06 373.06 413.06 413.06 373.06 373.06 373.06 373.06 373.06 373.06 373.06 373.06
Obstruction perimeter mm 11624 11624 11624 11624 11624 11624 116.24 12424 12424 11624 11624 11624 11624 11624 11624 11624  116.24
Free flow area mm/ 2140.08 2140.08 2140.08 4766.12 4289.22 4289.22 4766.12 4766.12 4766.12 4289.22 4289.22 4766.12 5384.56 5384.56 5384.56 5384.56 #HHHHHH]
Free flow perimeter mm 163.99  163.99  163.99 244.73 23216 23216 24473 24473 24473 23216 23216 24473 260.12 260.12 260.12  260.12 1712.17
Flow area mm/ 785398.2| 1767.0 1767.0 1767.0 4393.1 39162 39162 4393.1 4353.1 43531 39162 39162 4393.1 5011.5 5011.5 5011.5 5011.5 232909.8
Perimeter mm 3141.59| 280.23 280.23 280.23 360.97 34840 34840 360.97 368.97 368.97 34840 34840 360.97 37636 37636 37636 376.36 1828.41
Hydraulic diameter mm 1000.0 25.2 25.2 25.2 48.7 45.0 45.0 48.7 47.2 47.2 45.0 45.0 48.7 53.3 53.3 53.3 53.3 509.5
FITTINGS Description Elbow 45¢- Std v45¢- Std
CONTRACTION /EXPANSION LOSSES - NODE INLET
ade upstream effective diameter mm 1000.00| 1000.00 47.43 47.43 47.43 74.79 70.61 70.61 74.79 74.45 74.45 70.61 70.61 74.79 79.88 79.88 79.88 79.88
Node effective diameter mm 1000.00 47.43 47.43 47.43 74.79 70.61 70.61 74.79 74.45 74.45 70.61 70.61 74.79 79.88 79.88 79.88 79.88  544.56
Section Change Contract - Expand - Contract - Expand - Contract - Expand - Expand - Expand -
Sudden Divergent Converge Divergent Converge Divergent _Sudden Sudden
NODE PRESSURE DROP
Friction Losses mbar 0.00 0.50 0.21 0.21 0.03 0.00 0.00 0.00 0.04 0.09 0.00 0.00 0.00 0.02 0.06 0.07 0.03 0.00
Fittings mbar 0.00 0.00 5.09 5.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sudden contraction / expansion mbar 0.00 6.38 0.00 0.00 173 0.07 0.00 0.02 0.00 0.00 0.06 0.00 0.02 0.03 0.00 0.00 0.00 1.64
Hydrostatic mbar 0.00 0.94 0.37 0.37 0.63 0.05 0.06 0.05 0.70 172 0.05 0.06 0.05 0.70 1.70 0.43 0.79 0.00
Valve mbar 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Flow meter mbar 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL NODE PRESSURE DR( mbar 0.00 7.82 5.67 5.67 2.40 0.12 0.06 0.08 0.73 1.81 0.11 0.06 0.08 0.76 1.75 0.50 0.82 1.64
bar 0.000 0.008 0.006 0.006 0.002 0.000 0.000 0.000 0.001 0.002 0.000 0.000 0.000 0.001 0.002 0.000 0.001 0.002

GAS FLOW REGIME Viscosity kg /m.s | 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06
Density kg /mE 71371 71371 71305 71257 71.209 71.188  71.187 71.187 71.186 71.180 71.165 71.164 71.163 71.163 71.156  71.141  71.137 71130
G kg /mAis 1.00| 442.85 442.85 442.85 17813 199.82 199.82 17813 179.76 179.76 199.82 199.82 178.13 156.15 156.15 156.15  156.15 336

Velocity m/s 0.01 6.20 6.21 6.21 2.50 2.81 2.81 2.50 2.53 2.53 2.81 2.81 2.50 2.19 2.19 2.19 2.20 0.05
Re No 385,018 | #HHHHHH HHEHHHH  HHEREAR  HHHEHE HREHEH IHRAHER SHEREA HHEHERE HRRAEE HHERER HRHEAH HHEREA RHHAHE HRRARA IHRAHER . SHEARAH 662,930
f 0.0127| 0.0069 0.0069 0.0069 0.0074 0.0073 0.0073 0.0074 0.0074 0.0074 0.0073 0.0073 0.0074 0.0075 0.0075 0.0373 0.0075 0.0111
regime Turbulent| Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent
Pressure drop per unit length  mbar per 0.000 3.776 3.779 3.782 0.338 0.456 0.456 0.338 0.357 0.357 0.457 0.457 0.338 0.240 0.240 1.200 0.240 0.000
Gas| Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas|
FRICTION PRESS BREv Fegime Turbulent| Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent
Unit length pressure drop mbar per’ 0.000 3.776 3.779 3.782 0.338 0.456 0.456 0.338 0.357 0.357 0.457 0.457 0.338 0.240 0.240 1.200 0.240 0.000
Total pressure drop bar A 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
mbar 0.000 0.505 0.213 0.213 0.031 0.003 0.004 0.003 0.036 0.088 0.003 0.004 0.003 0.024 0.058 0.073 0.027 0.000

HOMOGENOUS MIXTURE PROPERTIES
Mass fraction 100.0% | 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Volume fraction 100.0% | 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Mixture viscosity kg /m.s | 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06
Mixture density kg / mE 71.37 71.37 71.31 71.26 71.21 71.19 71.19 71.19 71.19 71.18 71.16 71.16 71.16 71.16 71.16 71.14 71.14 71.13

HYDROSTATIC PRESSURE LOSS

Mixture densitv 71.37 71.37 71.31 71.26 71.21 71.19 71.19 71.19 71.19 71.18 71.16 71.16 71.16 71.16 71.16 71.14 71.14 71.13
Vertical rise 0.00 0.13 0.05 0.05 0.09 0.01 0.01 0.01 0.10 0.25 0.01 0.01 0.01 0.10 0.24 0.06 0.1 0.00
Pressure bar A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
mbar 0.00 0.94 0.37 0.37 0.63 0.05 0.06 0.05 0.70 1.72 0.05 0.06 0.05 0.70 1.70 0.43 0.79 0.00

CONTRACTION /EXPANSION LOSSES - NODE INLET
de upstream effective diameter mm 1000.00| 1000.00 47.43 47.43 47.43 74.79 70.61 70.61 74.79 74.45 74.45 70.61 70.61 74.79 79.88 79.88 79.88 79.88
Node effective diameter mm 1000.00 47.43 47.43 47.43 74.79 70.61 70.61 74.79 74.45 74.45 70.61 70.61 74.79 79.88 79.88 79.88 79.88  544.56
Node upstream flow area mm/ 785398.2| 785398.2  1767.0 1767.0 1767.0  4393.1 3916.2  3916.2  4393.1 4353.1 4353.1 3916.2  3916.2  4393.1 5011.5 5011.5 50115 5011.5
Node flow area mm/ 785398.2| 1767.0 1767.0 1767.0  4393.1 3916.2  3916.2  4393.1 4353.1 4353.1 3916.2  3916.2  4393.1 5011.5 5011.5 5011.5 5011.5 232909.8

mi
mi

Inlet fluid mass velocity kg /mAs 1.0 442.9 442.9 442.9 178.1 199.8 199.8 178.1 179.8 179.8 199.8 199.8 178.1 156.1 156.1 156.1 156.1 3.4
Effective diameter ratio 1.000 0.047 1.000 1.000 1.577 0.944 1.000 1.059 0.995 1.000 0.948 1.000 1.059 1.068 1.000 1.000 1.000 6.817
Convergent section angle n-a| Sudden n-a n-a n-a 313 n-a n-a n-a n-a 288 n-a na n-a na na na na
Contraction loss coefficient n-a 0.464 n-a n-a n-a 0.023 n-a n-a na n-a 0.020 n-a na n-a na na na na
Contraction loss mbar n-a 6.38 n-a n-a n-a 0.07 n-a na 0.00 n-a 0.06 n-a na na na na na na
Divergent section angle n-a n-a n-a n-a 17.11 n-a n-a 31.26 n-a n-a n-a n-a 31.26  Sudden na na n-a Sudden
Expansion loss coefficient n-a n-a n-a n-a 035 n-a n-a 0.73 n-a n-a n-a n-a 0.73 1.00 na n-a na 1.00
Expansion loss mbar n-a n-a n-a n-a 173 na n-a 0.02 n-a n-a na n-a 0.02 0.03 n-a n-a n-a 1.64
Total section change losses mbar 0.00 6.38 0.00 0.00 1.73 0.07 0.00 0.02 0.00 0.00 0.06 0.00 0.02 0.03 0.00 0.00 0.00 1.64
FITTINGS - VELOCITY HEAD LOSS (Fitting at the node outlet)
Velcoty Head Loss Index 2 2
Velocity head loss 037 037
Average velocity m /s 6.2 6.2
Additional frictional loss mbar 5.09 5.09
bar 0.01 0.01
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MONROE BROTHERS LTD ] g

Customer Sigmaphi
Project ILab Q2-Q3 Pre: SF /13603
Design Note Chimney Pressul Cond. Pipe Design Note 235 Issue 1
Line number (Typical) Cryostat|Cond. Pip Cond. Pip Cond. Pip: Cond. XPi Cond. XP Cond. XP Cond. XPi Cond. XPi Cond. XPi Cond. XP  Cond. XP Cond. XPi Cond. CC Cond. CC Cond. CC Cond. CC Cond. CC CCR
010 03045¢ 040 45¢ 090 130 132 Ring 134 150 155 260 262 Ring 264 270 272 280 290 300| Terminati
Elbow Elbow Divergent Taper Taper Taper Taper on|
Description
Conditions  "Two phase" or "gas" Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas
Inlet pressure bar A 5.503 5.503 5.495 5.490 5.486 5.483 5.483 5.483 5.482 5.482 5.480 5.480 5.480 5.480 5.479 5.477 5.476 5.476 5.473
mbar A 5503 5503 5495 5490 5486 5483 5483 5483 5482 5482 5480 5480 5480 5480 5479 5477 5476 5476 5473
Outlet pressure bar A 5.503 5.495 5.490 5.486 5.483 5.483 5.483 5.482 5.482 5.480 5.480 5.480 5.480 5.479 5.477 5.476 5.476 5.473
mbar A 5503 5495 5490 5486 5483 5483 5483 5482 5482 5480 5480 5480 5480 5479 5477 5476 5476 5473
Inlet temperature &
K 6.89 6.89 6.89 6.89 6.89 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88
Heat (imposed at outlet) w 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Checking data entry Mixture oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK
Temperature oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK
Temperature oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK
Gas flow rate oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK
Liquid flow rate oK oK oK oK oK oK oK OK OK oK oK OK OK OK OK 0K 0K 0K OK
Mass flows oK oK oK oK oK oK 0K OK OK OK 0K 0K 0K OK 0K oK 0K 0K oK
Section Change OK OK OK OK OK OK oK OK OK oK OK OK OK OK OK OK OK OK OK
Flow rate Gas kg /hr
Liquid kg /hr
Gas g/s 1882.5
Liquid g /s
Gasused g/s 1882.5| 18825 18825 18825 18825 18825 18825 18825 18825 18825 18825 18825 18825 18825 18825 18825 18825 18825/ 18825
Liquid used g /s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Inlet temperature & -266.26| -266.26 -266.26 -266.26 -266.26 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27| -266.27
K 6.89 6.89 6.89 6.89 6.89 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88
Outlet temperature & -266.26| -266.26 -266.26 -266.26 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27 -266.27
K 6.89 6.89 6.89 6.89 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88
GEOMETRY Length m 0.000| 0.1336  0.0564  0.0564 0.0909  0.0075 0.0081 0.0075 0.1000 0.2462  0.0075  0.0081  0.0075 0.1000 0.2430  0.0670 ~ 0.1130  0.0000
Vertical rise m 0.000| 0.1336  0.0524  0.0524  0.0909  0.0075 0.0081 0.0075 0.1000 0.2462  0.0075  0.0081  0.0075 0.1000 0.2430  0.0670  0.1130  0.0000

Tvpe Smooth| Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth onvoluted  Smooth  Smooth
Number of flow paths 1 2

Maximum diameter / depth
Minimum diameter / Width

3

3
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=3
=3
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3
o
~
o
S
o
S
o
S

52.50 77.90 73.90 73.90 77.90 77.90 77.90 73.90 73.90 77.90 82.80 82.80 82.80 82.80  545.00

Obstruction
Instr 1 Diam mm na na na na na na na na na na na na na na na na na
Instr 2 Diam mm na na na na na na na na na na na na na na na na na
Instr 3 Diam mm na na na na na na na na na na na na na na na na na
Weld Strip Width - Pair mm 10.00 10.00
Weld Strip Depth - Pair mm 2.00 2.00
Conductor width mm 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
Conductor depth mm 4.00 4.00 4.00 4.00 12.00 12.00 12.00 12.00 12.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Conductor S upport width mm 50.80 50.80 50.80 50.80
Conductor Support depth mm 9.50 9.50 9.50 9.50
onductor Support recess mm 4.00 4.00 4.00 4.00
Conductor strutts width mm 75.00 75.00
Conductor strutts width mm 36.00 36.00
onductor strutts thickness mm 1.00 1.00
Obstructed area mm/ 160.00 160.00 160.00 160.00 480.00 480.00 480.00 782.00 560.00 320.00 320.00 320.00 542.00 112520 112520 112520 1125.20
Obstruction perimeter mm 96.00 96.00 96.00 96.00 128.00 128.00 128.00 372.00 14400 112,00 112.00 112.00 340.00 257.20 257.20 257.20  257.20
Free flow area mm/ 4329.51 4329.51 4329.51 9532.24 857845 857845 9532.24 9532.24 9532.24 857845 857845 9532.24 10769.13 10769.13 10769.13 10769.13 #HHHHHH
Free flow perimeter mm 329.87 329.87 329.87 489.46 464.33 464.33 48946 489.46 489.46 464.33 464.33 48946 52025 52025 520.25 520.25 3424.34
Flow area mm/ 785398.2| 4169.5 4169.5 4169.5 93722 80984 80984 9052.2 8750.2 89722 82584 82584 9212.2 10227.1 9643.9 9643.9  9643.9 465440.6
Perimeter mm 3141.59| 42587 42587 425.87 58546 59233 59233 61746 861.46 63346 57633 57633 601.46 860.25 777.45 777.45 777.45 3681.54
Hydraulic diameter mm 1000.0 39.2 39.2 39.2 64.0 54.7 54.7 58.6 40.6 56.7 57.3 57.3 61.3 47.6 49.6 49.6 49.6 505.7
FITTINGS Description Elbow 45€-Std v45¢- Std
CONTRACTION /EXPANSION LOSSES -
de upstream effective diameter mm 1000.00| 1000.00 72.86 72.86 72.86 109.24  101.54 101.54 10736  105.55 106.88 102.54 102.54 10830 11411 110.81 110.81  110.81
Node effective diameter mm 1000.00 72.86 72.86 72.86 109.24  101.54 101.54 107.36  105.55 106.88 102.54 102.54 10830 11411 110.81 110.81 110.81  769.82
Section Change Contract - Expand - Contract - Expand - Contract- Expand - Contract- Expand - Expand - Contract - Expand -
Sudden Divergent Converge Divergent Sudden Sudden Converge Divergent Sudden Sudden Sudden
NODE PRESSURE DROP
Friction Losses mbar 0.00 0.30 0.13 0.13 0.03 0.00 0.00 0.00 0.06 0.09 0.00 0.00 0.00 0.04 0.09 0.12 0.04 0.00
Fittings mbar 0.00 0.00 4.29 4.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sudden contraction / expansion mbar 0.00 6.63 0.00 0.00 218 017 0.00 0.04 0.03 0.00 0.06 0.00 0.04 0.03 0.03 0.00 0.00 257
Hydrostatic mbar 0.00 0.94 0.37 0.37 0.64 0.05 0.06 0.05 0.70 1.72 0.05 0.06 0.05 0.70 1.70 0.43 0.79 0.00
Valve mbar 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Flow meter mbar 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL NODE PRESSURE DR( mbar 0.00 7.87 4.78 4.78 2.84 0.23 0.06 0.10 0.79 1.81 0.12 0.06 0.09 0.76 1.82 0.54 0.83 2.57
bar 0.000 0.008 0.005 0.005 0.003 0.000 0.000 0.000 0.001 0.002 0.000 0.000 0.000 0.001 0.002 0.001 0.001 0.003

GAS FLOW REGIME Viscosity kg /m.s | 2.6E-06| 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06
Density kg /mE 71371 71371 71305 71.264 71223 71199 71197 71197 71196 71.189 71174 71473 71172 71172 71965 71150 71.145  71.138
G kg /mis 240| 45149 45149 45149 200.86 23245 23245 207.96 21513  209.81 227.95 227.95 20434 184.07 19520 19520 195.20 4.04

Velocity m/s 0.03 6.33 6.33 6.34 2.82 3.26 3.26 2.92 3.02 2.95 3.20 3.20 2.87 2.59 2.74 2.74 2.74 0.06
Re No 926,213 HHHHHHH HHERRHE HHEHEE HBRERN HEHHER SHRERAE (RHHERR HERREE HHERRE HREEER JHERREE HERREE EBRERE HEREER SHRERAE fEEERR 791,975

f 0.0102| 0.0062 0.0062 0.0062 0.0067 0.0067 0.0067 0.0068 0.0074 0.0068 0.0067 0.0067 0.0067 0.0074 0.0072 0.0359 0.0072 0.0106
regime Turbulent| Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent

Pressure drop per unit length  mbar per 0.000 2.254 2.256 2.257 0.296 0.466 0.466 0.351 0.589 0.372 0.424 0.424 0.322 0.369 0.387 1.938 0.388 0.000
Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas

FRICTION PRESS BREv Fegime Turbulent| Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent Turbulent
Unit length pressure drop mbar per’ 0.000 2254 2.256 2257 0.296 0.466 0.466 0.351 0.589 0.372 0.424 0.424 0.322 0.369 0.387 1.938 0.388 0.000
Total pressure drop bar A 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
mbar 0.000 0.301 0.127 0.127 0.027 0.003 0.004 0.003 0.059 0.092 0.003 0.003 0.002 0.037 0.094 0.118 0.044 0.000

HOMOGENOUS MIXTURE PROPERTIES
Mass fraction 100.0% | 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Volume fraction 100.0% | 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Mixture viscosity kg /m.s | 2.6E-06| 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06 2.6E-06
Mixture density kg / mE 71.37 71.37 71.30 71.26 71.22 71.20 71.20 71.20 71.20 71.19 71.17 71.17 71.17 71.17 71.17 71.15 71.14 71.14

HYDROSTATIC PRESSURE LOSS

Mixture densitv 71.37 71.37 71.30 71.26 71.22 71.20 71.20 71.20 71.20 71.19 71.17 71.17 71.17 71.17 71.17 71.15 71.14 71.14
Vertical rise 0.00 0.13 0.05 0.05 0.09 0.01 0.01 0.01 0.10 0.25 0.01 0.01 0.01 0.10 0.24 0.06 0.11 0.00
Pressure bar A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
mbar 0.00 0.94 0.37 0.37 0.64 0.05 0.06 0.05 0.70 1.72 0.05 0.06 0.05 0.70 1.70 0.43 0.79 0.00

CONTRACTION /EXPANSION LOSSES -
de upstream effective diameter mm 1000.00| 1000.00 72.86 72.86 72.86 109.24 10154 101.54 107.36 105.55 106.88  102.54 102.54 10830 114.11 110.81 110.81 110.81
Node effective diameter mm 1000.00 72.86 72.86 72.86 109.24 10154 101.54 107.36 105.55 106.88  102.54 102.54 10830 114.11 110.81 110.81 110.81 769.82

Node upstream flow area mm/ 785398.2|785398.2  4169.5 4169.5 4169.5 93722 80984 8098.4 9052.2 8750.2 8972.2 82584 82584 92122 10227.1 9643.9 9643.9  9643.9
Node flow area mm/ 785398.2| 4169.5 4169.5 4169.5 9372.2 80984 80984 9052.2 8750.2 8972.2 82584 82584  9212.2 10227.1 9643.9 9643.9  9643.9 465440.6

Inlet fluid mass velocity kg /mAs 2.4 451.5 451.5 451.5 200.9 2324 2324 208.0 2151 209.8 227.9 227.9 204.3 184.1 195.2 195.2 195.2 4.0
Effective diameter ratio 1.000 0.073 1.000 1.000 1.499 0.930 1.000 1.057 0.983 1.013 0.959 1.000 1.056 1.054 0.971 1.000 1.000 6.947
Convergent section angle n-a Sudden n-a n-a n-a 54.5 n-a n-a Sudden n-a 324 na na n-a Sudden na na na
Contraction loss coefficient n-a 0.465 n-a n-a n-a 0.046 n-a n-a 0.010 n-a 0.018 na na na 0.012 na na na
Contraction loss mbar n-a 6.63 n-a n-a n-a 0.17 n-a n-a 0.03 n-a 0.06 na na na 0.03 na na na
Divergent section angle n-a n-a n-a n-a 2263 n-a n-a 42.55 n-a Sudden n-a n-a 4220  Sudden na na n-a Sudden
Expansion loss coefficient n-a n-a n-a n-a 0.49 n-a n-a 1.00 n-a 1.00 n-a n-a 1.00 1.00 na na na 1.00
Expansion loss mbar n-a n-a n-a n-a 2.18 n-a n-a 0.04 n-a 0.00 n-a n-a 0.04 0.03 na na na 2.57
Total section change losses mbar 0.00 6.63 0.00 0.00 218 017 0.00 0.04 0.03 0.00 0.06 0.00 0.04 0.03 0.03 0.00 0.00 2.57
FITTINGS - VELOCITY HEAD LOSS (Fitti
Velcoty Head Loss Index 2 2
Velocity head loss 0.30 0.30
Average velocity m /s 6.3 6.3
Additional frictional loss mbar 4.29 4.29
bar 0.00 0.00
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