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MONROE BROTHERS LTD ;l“‘
Customer Sigmaphi o
Project JLab Q2-Q3 Pressure Relief SF /13603
Design Note Chimney Pressure Dop Analysis Quench Design Note 238 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% 30 ;Eﬂtﬁ:‘\gg tosses
Counter 5 QO 1nitial calculation New calculated value 6.580 29.38% 25 OSudden cgntraction /expansion
Max_Count 10 @Convergence ézo E\I}Igﬂ/r:statlc
Succesful Convergence Initial estimate 30.000 33.00% Formula_block g O Flow meter
Used Estimate 6.580 29.38% Est numbers a15
HeatTransfer Evrror #DW/O! Design-Analysis Worksheet Next estimate 6.580 29.38% Calc_numbers gw
a
PRESSURE DROP ANALYSIS Fluid Fluid Helium Ambient 24.00 éC E 5
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 BB T XIRNIPIRNRR3E 8B EPERNEPERNGRSS
Inlet pressure 6.580 bar A SA Heat Flux Heating Vent Flow °§§°,§§gﬁﬁg§g“‘””””’§ °§§°,§§gﬁﬁg§g“‘””””’§
Inlet temperature 7.03 K Heliumvessel  10.055 m/ 6691 W /m/ 673 W 8778 kg /hr 44.4% Include ©°c 2393 2393 € °c goy¥ 383 €
Outletpressure  Target 6.500 bar A Helium vessel - ID 4.488 m/ 6691 W /m/ 30.0 W 3918 kg /hr 19.8% Include - N~ Node Bescripon N~ <
Calculated 6.500 bar A oil Assy - Quench SA 2.706 m/ 15225 W /m} 412 W 5376 kg /hr 27.2% Include
Error 0.00% Coil Assy 10.556 m/ owW/m 0.0 W 0 kg /hr 0.0% Exclude X
Outlet temperature 7.01 K Chimney  0.971 my 6691 W /m/ 6.5 W 848 kg /hr 4.3% Include Cumulatve Pressure Drop
Instrument wire Include CCR 0.984 m/ 6691 W /m/ 6.6 W 859 kg /hr 4.3% Exclude Zg
Total 29.76 m/ 151.6 W 19779 kg /hr 100.0% 70
Large Pipe 560
Lead Clamp Instrumen:ad Clamp Instrument Total Inst Conductor E_Zg
Area  1068.61 mm/ 29.38%  70.62% £30
Perimeter  140.67 mm Flow rate 18920 5559 13361 kg /hr 220
Large diameter ~ 37.58 mm 5.256 1544 3711 kg /s 310
Small diameter 7.195 mm Outlet pressure 6.500 6.500 bar A 2 CWWO - EOoONMEMEONOOOE OWPo 5 WMEOIN S W50N000 C
Width - Large piece 75.0 mm Pressure drop 0.080  0.080 barA ~ Sﬁﬁgs‘?é %fﬁ%ﬁ%'&'&ﬁﬂ%% Sﬁﬁgiﬁii}fﬁ%i%ﬁﬁﬁﬂ%%
Width small piece 36.0 mm E rror 0.00% 83 gfx 28y E 83 g8y 283 E
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 2.65 33.67 21.07 1.97 59.36 10.77 .
Instr. P Weld ring S mooth 48.20 1 0.0 650 - — Instr. P Weld ring
1 0.0 ’
Instr. CCR | Smooth 82.80 1 00 0517 0517 052 555 424 1031 101 S
Instr. XPipe |Smooth 77.90 1 0.0 0.452 0.452 0.46 5.89 3.71 10.06 1.01 < 6-56 ] Instr. CCR
Instr. XP Weld ring S mooth 73.90 1 0.0 0.031 0.031 0.04 0.40 0.25 0.70 130 5 .
1 0.0 3 6.55 4 ——Instr. XPipe
Cond. Pipe | Smooth 52.50 2 00 0246 0238 158 2833 21.87 1.97 53.75 642|| § el —Instr. XP Weld ring
Cond. P Weld Ring 'S mooth 48.50 2 0.0 2777
Cond. P Clamp|Coaxial 37.58 7.20 2 0.0 e 6524 —
Cond. CCR |Smooth 82.80 2 00 0517 0517 0.84 8.69 424 13.77 1.62 6511 !
Cond. XPipe S mooth 77.90 2 00 0452 0452 052 750 371 1183 115 6501 ——Cond. Pipe
Cond. XP Weld ring S mooth 73.90 2 00 0031 0031 0.04 0.79 026 1.09 1.27 649 " " ¥ " X " '
Cond. XP Clamp S mooth 82.80 2 0.0 0 02 04 06 08 ! 12 14
Total Instr. Path 1.247, 1239 3.67  33.67 3292 1017 80.43 Position m
Total Cond. Path 1.247 1.239 2.98 28.33 38.95 10.17 80.43
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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 238 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 6.580 6.580 6.557 6.539 6.521 6.514 6.514 6.514 6.514 6.513 6.511 6.510 6.510 6.510 6.509 6.507 6.506 6.505 6.500
mbar A 6580 6580 6557 6539 6521 6514 6514 6514 6514 6513 6511 6510 6510 6510 6509 6507 6506 6505 6500
Outlet pressure bar A 6.580 6.557 6.539 6.521 6.514 6.514 6.514 6.514 6.513 6.511 6.510 6.510 6.510 6.509 6.507 6.506 6.505 6.500
mbar A 6580 6557 6539 6521 6514 6514 6514 6514 6513 6511 6510 6510 6510 6509 6507 6506 6505 6500
Inlet temperature &
K 7.03 7.03 7.03 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.01 7.01 7.01 7.01
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 1544.1
Liquid g /s
Gasused g/s 1544.1| 15441 15441 15441 15441 15441 15441 15441 15441 15441 15441 15441 15441 15441 15441 15441 15441 15441 15441
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 & -266.12| -266.12 -266.12 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.14 -266.14 -266.14| -266.14
K 7.03 7.03 7.03 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.01 7.01 7.01 7.01
Outlet temperature & -266.12| -266.12 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.14 -266.14 -266.14 -266.14
K 7.03 7.03 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7. 7.01 7.01 7.01
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 1.44 0.61 0.61 0.09 0.01 0.01 0.01 0.10 0.25 0.01 0.01 0.01 0.07 0.17 0.21 0.08 0.00
Fittings mbar 0.00 0.00 16.82 16.85 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 21.07 0.00 0.00 5.73 0.22 0.00 0.08 0.00 0.00 0.19 0.00 0.08 0.1 0.00 0.00 0.00 5.44
Hydrostatic mbar 0.00 1.10 0.43 0.43 0.75 0.06 0.07 0.06 0.82 2.02 0.06 0.07 0.06 0.82 1.99 0.50 0.93 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 23.61 17.86 17.89 6.57 0.29 0.08 0.15 0.92 2.27 0.26 0.08 0.15 1.00 2.16 0.71 1.00 5.44
bar 0.000 0.024 0.018 0.018 0.007 0.000 0.000 0.000 0.001 0.002 0.000 0.000 0.000 0.001 0.002 0.001 0.001 0.005

GAS FLOW REGIME Viscosity kg /m.s | 2.8E-06| 2.8E-06 2.8E-06 28E-06 28E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 28E-06 28E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 28E-06 2.8E-06
Density kg /mE 84.150| 84.150 83.974  83.841 83707 83.658 83.656 83.655 83.654 83.647 83.630 83.628 83.628 83.627 83.619 83.603 83.597  83.590
G kg /mAis 197/ 873.83 873.83 873.83 351.48 39428 39428 35148 35471 35471 394.28 39428 351.48 30811 30811 308.11 308.11 6.63

Velocity m/s 0.02 10.38 10.41 10.42 4.20 471 471 4.20 4.24 4.24 471 471 4.20 3.68 3.68 3.69 3.69 0.08
Re No 695,434 | HHHHHHH  HHEHHHH  HHEREAR) HHHEHE IHREHRE HRAHER SHEREAE HHEHERE HRRAEE HHERER HRHHAH HHEREA RHRAHE HRRERE HRAHER SHERRA AR
f 0.0109| 0.0060 0.0060 0.0060 0.0064 0.0063 0.0063 0.0064 0.0064 0.0064 0.0063 0.0063 0.0064 0.0064 0.0064 0.0322 0.0064  0.0095
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| 10.757  10.776 _ 10.790 0.965 1.304 1.304 0.965 1.020 1.020 1.304 1.304 0.966 0.685 0.685 3.427 0.685 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| 10.757 10.776  10.790 0.965 1.304 1.304 0.965 1.020 1.020 1.304 1.304 0.966 0.685 0.685 3.427 0.685 0.000
Total pressure drop bar A 0.000 0.001 0.001 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
mbar 0.000 1.437 0.608 0.609 0.088 0.010 0.011 0.007 0.102 0.251 0.010 0.011 0.007 0.069 0.167 0.209 0.077 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 | 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8£-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06
Mixture density kg / mE 84.15 84.15 83.97 83.84 83.71 83.66 83.66 83.66 83.65 83.65 83.63 83.63 83.63 83.63 83.62 83.60 83.60 83.59

HYDROSTATIC PRESSURE LOSS

Mixture densitv 84.15 84.15 83.97 83.84 83.71 83.66 83.66 83.66 83.65 83.65 83.63 83.63 83.63 83.63 83.62 83.60 83.60 83.59
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 1.10 0.43 0.43 0.75 0.06 0.07 0.06 0.82 2.02 0.06 0.07 0.06 0.82 1.99 0.50 0.93 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 2.0 873.8 873.8 873.8 351.5 394.3 394.3 351.5 354.7 354.7 394.3 394.3 351.5 308.1 308.1 308.1 308.1 6.6
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 21.07 n-a n-a n-a 0.22 n-a na 0.00 n-a 0.19 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 na n-a n-a 5.73 na n-a 0.08 n-a n-a na n-a 0.08 0.1 n-a n-a n-a 5.44
Total section change losses mbar 0.00 21.07 0.00 0.00 5.73 0.22 0.00 0.08 0.00 0.00 0.19 0.00 0.08 0.1 0.00 0.00 0.00 5.44
FITTINGS - VELOCITY HEAD LOSS (Fitting at the node outlet)
Velcoty Head Loss Index 2 2
Velocity head loss 037 037
Average velocity m /s 104 104
Additional frictional loss mbar 16.82 16.85
bar 0.02 0.02
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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 238 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 6.580 6.580 6.557 6.542 6.527 6.519 6.518 6.518 6.518 6.517 6.514 6.514 6.514 6.514 6.513 6.510 6.509 6.508 6.500
mbar A 6580 6580 6557 6542 6527 6519 6518 6518 6518 6517 6514 6514 6514 6514 6513 6510 6509 6508 6500
Outlet pressure bar A 6.580 6.557 6.542 6.527 6.519 6.518 6.518 6.518 6.517 6.514 6.514 6.514 6.514 6.513 6.510 6.509 6.508 6.500
mbar A 6580 6557 6542 6527 6519 6518 6518 6518 6517 6514 6514 6514 6514 6513 6510 6509 6508 6500
Inlet temperature &
K 7.03 7.03 7.03 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.01
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 3711.5
Liquid g /s
Gasused g/s 37115, 37115 37115 37115 37115 37115 37115 37115 37115 37115 37115 37115 37115 37115 37115 37115 37115 37115 37115
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 & -266.12| -266.12 -266.12 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13| -266.14
K 7.03 7.03 7.03 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.01
Outlet temperature & -266.12| -266.12 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.13 -266.14
K 7.03 7.03 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.01
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
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3
o
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o
Sn
o
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o
S
o
~
o
S

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 0.86 0.36 0.36 0.08 0.01 0.01 0.01 017 0.26 0.01 0.01 0.01 0.11 0.27 0.34 0.12 0.00
Fittings mbar 0.00 0.00 14.15 14.17 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 21.87 0.00 0.00 7.21 0.58 0.00 0.14 0.11 0.01 0.21 0.00 0.13 0.10 0.10 0.00 0.00 8.49
Hydrostatic mbar 0.00 1.10 0.43 0.43 0.75 0.06 0.07 0.06 0.82 2.02 0.06 0.07 0.06 0.82 1.99 0.50 0.93 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 23.83 14.95 14.97 8.03 0.65 0.08 0.21 1.10 2.29 0.28 0.08 0.20 1.02 237 0.84 1.05 8.49
bar 0.000 0.024 0.015 0.015 0.008 0.001 0.000 0.000 0.001 0.002 0.000 0.000 0.000 0.001 0.002 0.001 0.001 0.008

GAS FLOW REGIME Viscosity kg /m.s | 2.8E-06| 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 28E-06 28E-06 28E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 28E-06 28E-06 2.8E-06
Density kg /mE 84.150, 84.150 83.972 83.861 83.749 83.689 83.684 83.684 83.682 83.674 83.657 83.654 83.654 83.652 83.645 83.627 83.621 83.613
G kg /mis 4.73| 890.14  890.14  890.14 396.01 45829 458.29 410.00 424.16  413.66 449.41 44941 402.88 362.90 384.85 384.85 384.85 7.97

Velocity m/s 0.06 10.58 10.60 10.61 4.73 5.48 5.48 4.90 5.07 4.94 5.37 5.37 4.82 4.34 4.60 4.60 4.60 0.10
Re No FHHEHAR  HEHHRH HEHREE HRHRERER JHREHRR HEHREE JHHRERE . HHERHRR HERREH HHRRRE . HHHEHRR HEERRR HEHRRE HHHRRRR HEERRH HHERRRR SRHRERE SRR

f 0.0088| 0.0053 0.0053 0.0053 0.0058 0.0058 0.0058 0.0058 0.0064 0.0059 0.0057 0.0057 0.0058 0.0064 0.0062 0.0310 0.0062  0.0091
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 6.411 6.422 6.429 0.844 1.327 1.328 1.001 1.681 1.062 1.210 1.210 0.920 1.051 1.105 5.525 1.105 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 6.411 6.422 6.429 0.844 1.327 1.328 1.001 1.681 1.062 1.210 1.210 0.920 1.051 1.105 5.525 1.105 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 0.856 0.362 0.363 0.077 0.010 0.011 0.007 0.168 0.261 0.009 0.010 0.007 0.105 0.268 0.337 0.125 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 | 2.8E-06| 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06 2.8E-06
Mixture density kg / mE 84.15 84.15 83.97 83.86 83.75 83.69 83.68 83.68 83.68 83.67 83.66 83.65 83.65 83.65 83.64 83.63 83.62 83.61

HYDROSTATIC PRESSURE LOSS

Mixture densitv 84.15 84.15 83.97 83.86 83.75 83.69 83.68 83.68 83.68 83.67 83.66 83.65 83.65 83.65 83.64 83.63 83.62 83.61
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 1.10 0.43 0.43 0.75 0.06 0.07 0.06 0.82 2.02 0.06 0.07 0.06 0.82 1.99 0.50 0.93 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 4.7 890.1 890.1 890.1 396.0 458.3 458.3 410.0 424.2 413.7 449.4 449.4 402.9 362.9 384.8 384.8 384.8 8.0
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 21.87 n-a n-a n-a 0.58 n-a n-a 0.1 n-a 0.21 na na na 0.10 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 7.21 n-a n-a 0.14 n-a 0.01 n-a n-a 0.13 0.10 na na na 8.49
Total section change losses mbar 0.00 21.87 0.00 0.00 7.21 0.58 0.00 0.14 0.11 0.01 0.21 0.00 0.13 0.10 0.10 0.00 0.00 8.49
FITTINGS - VELOCITY HEAD LOSS (Fitti
Velcoty Head Loss Index 2 2
Velocity head loss 0.30 0.30
Average velocity m /s 10.6 10.6
Additional frictional loss mbar 14.15 14.17
bar 0.01 0.01

JLab Q2-Q3 Relief 238_1 Chimney Drg 318711-J LA-001-001 - LOV & Quench No Protection.xls  Design Analysis
Page 2 of 2 Print Date  05/10/2016



