Flow Calculations
5/28/2024

Assumptions:
1. Turbulent flow regime
2. Fluid properties
Fluid: diesel at 60 de: specific gravity
dynviscosity  ft*2/s

total flow rate, gpm
max duty cycle

total fuel per 12 hrs gal

Number of hoses

hose flow rate, gpm

P max psi

Part ID,in. Length (ft)

A filter 2.00

manifold to reel 2.00 10.00

manifold 4.00 30.00

manifold welded tee 2.00

elbow 2.00

elbow 2.00

hose 1.00 200
B filter 2.00

manifold to hose 1.00 6.00

elbow 0.50

hose 0.38 200

0.88
4.31E-05

11.5
50%
4100

3.8
155

L/D

60.00
90.00
45.00
45.00
45.00
2400.00

72.00
45.00
6400.00

velocity, ft/s
0.39
0.39
0.10
0.39
0.39
0.39
1.57

0.39
1.57
6.26
11.14

https://energy-models.com/pipe-sizing-charts-tables
https://ntrs.nasa.gov/api/citations/19660024205/downloads/19660024205.pdf

Schiller Darcy-Weisbach eqn
0.0054+0.396/R dP=f L rho/2v*2/D

Re (vD/nu) f dP (psi) total P (psi) Notes

1.52E+03 0.049 3.59 dP approximation per FAS
1.52E+03 0.049 0.00

7.58E+02 0.060 0.00

1.52E+03 0.049 0.00

1.52E+03 0.049 0.00

1.52E+03 0.049 0.00

3.03E+03 0.041 1.43 5.04

1.52E+03 0.049 3.59 dP approximation per FAS
3.03E+03 0.041 0.04

6.06E+03 0.034 0.36

8.08E+03 0.032 150.57 154.56
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Flow Calculations

5/28/2024
J. Rodgers

Typical Large Superfrac
Peak Fuel Consumption (gal) per 12 hr. 7500 12000 24000 perinformation from FAS
Avg Flow Rate (gpm) 10 17 33
Avg. Duty Cycle 90% 90% 90% assumed start-up and shut-down time required, max duty cycle achievable
Total flow rate required (gpm) 12 19 37
Avg. Duty Cycle 50% 50% 50% comfortable duty cycle for nominal operations
Total flow rate required (gpm) 21 33 67
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Flow Calculations
5/28/2024

1

Velocity (1 inch
Flow Rate (gpm) hose, ft/s)
0 0.0
1 0.4
2 0.8
3 1.2
4 1.6
5 2.0
6 2.5
7 29
8 3.3
9 3.7
10 4.1
11 4.5
12 4.9
13 5.3
14 5.7
15 6.1
16 6.5
17 6.9
18 7.4
19 78
20 8.2
21 8.6
22 9.0
23 9.4
24 9.8

hose, ft/s)

0.38

0.0

2.8

5.7

8.5
11.3
141
17.0
19.8
22.6
25.5
28.3
311
33.9
36.8
39.6
42.4
45.3
48.1
50.9
53.7
56.6
59.4
62.2
65.1

0.75 0.5
Velocity (3/4inch Velocity (1/2 inch Velocity (3/8"
hose, ft/s) hose, ft/s)

0.0 0.0
0.7 1.6
1.5 3.3
22 4.9
29 6.5
3.6 8.2
4.4 9.8
5.1 11.4
58 13.1
6.5 14.7
7.3 16.3
8.0 18.0
8.7 19.6
9.4 21.2

10.2 229

10.9 24.5

11.6 26.1

12.3 278

13.1 294

13.8 31.0

14.5 32.7

15.3 34.3

16.0 35.9

16.7 376

17.4 39.2

67.9

Recommended
Max (m/s)
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

Flow Velocity (ft/sec)

80.0

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

e=\/clocity (1 inch hose, ft/s)

=—1V/elocity (3/8" hose, ft/s)

@ Recommended Max (m/s)

0 5 10 15 20 25 30
Flow Rate (gpm)
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Flow Calculations

5/28/2024
Hose Size (in) 1 0.38
Hose length (ft) 200 700
Hose volume (gal) 8.2 4.1
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Flow Calculations
45440

Assumptions:
L. Turbulent flow regime
2 Fluid properties

Fluid: diesel at B0 degF

totalflow rate, gom
max duty cycle
totalfuel per 12hrs
Nurriber of hoses
hoseflow rate, gom
Pma

part
filter

manifold toreel
manifold

marnifold welded tee

filter
marifold to hose
elbow
hose

specific gravity

dynviscasity

1D, in.

05
037

ftoors

Length ift)

200

088
=0.000004/0.0254+2/12°2

115
05
~1000“ROUNDIEL1*12*60*E12/10001)

a
ELLEL4
a1

up

=D26/C26*12

=D20/C29*12

-Dacalr12

velocity, f's
=4E415*0.1337/(PI(|* C20"2/4)*12" 2160
E416%0.1337/(PI(1* C21°2/4)12+ 2160
E416%0.1337/(PI(]* C22°2/4)* 1242160
E416%0.1337/(PI(1* C23"2/4) 12+ 2160
E416%0.1337/(PI(1* C24°2/4) 1242160
E416%0.1337/(PI(1* C25°2/4)12+ 2160
=4E415*0.1337/(PI(1* C26°2/4)*12" 2160

E416%0.1337/(PI(1* C28"2/4) 12+ 2160
E416%0.1337/(PI(]* C29°2/4) 12+ 2160
E416%0.1337/(PI(1* C30°2/4) 1242160
E416%0.1337/(PI(1* C31°2/4) 12+ 2160

hitps://energy-models. com/pipe-sizing-charts+ables

hitps:/tr

schiller
0.0054+0.206/R"0.3

=F20*C20/1218€88

=F25*C26/1 21888
=F26*C26/1 21888

=F28*C28/1 219E88
=F20*C20/1218E88
=Fa0*Ca0/1 21988
=FaL*CaL1 2988

Re (vD/nu)

Darcy-Weisbach eqn
4P=iLho/2v*2/D

T P {psi)
=0.0054+0.206/620°0.2 =E11/3.2

0054+0.306/G71°0.3  =H21*E21*SE4762 4/2*F21° /32 2/12°2
0054+0.306/G22°0.3  =H22*E22*SE47 62 4/2*F22° /32 2/12°2
0054+0.306/G73°0.3  =H2B*E23*SE4T 62 4/2*F23' 032 2/12°2
H4E24$E$7452 4/2F24° 2132 27122
=H25E25 4637462 4/2F25° 2132 /122
~0.0054+0.206/626°0.3  =H26VE26V$ES7*62 4/2VF26°2/32 2112°2

0054+0.306/G28°0.3 ~E$11/32

=0.0054+0.206/620°0.3  =H20VE20V$ES7*62 4/2VF29°2/32 2112°2
0054+0.306/G30"0.3  =HB0*EB0*SEST 62 4/2*FA0" /32 2/12°2
0054+0.306/GA1"0.3  =HB1*EBL*$EST 62 4/2*FaL /32 2/12°2

totalP (psi) Notes
4P approximation per FAS

=SUM(120126)

4P approximation per FAS

=SUM(I28131)
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Flow Calculations
45440
). Rodgers

Typical Large Superfrac
Peak Fuel Consumption {gal) per 12 hr. 7500 12000 24000
Avg Flow Rate (gpm) =C6/12/60 =D6/12/60 =E6/12/60
Avg. Duty Cycle 0.9 =C8 =C8
Total flow rate required {(gpm) =C7/C8 =D7/D8 =E7/E8
Avg. Duty Cycle 0.5 =C10 =D10
Total flow rate required (gpm) =C7/C10 =D7/D10 =E7/E10

perinformation from F,

assumed start-up and

comfortable duty cycle

PERMIAN GLOBAL, INC. AND MANTICORE FUELS, LLC EXHIBIT 1052, Page 6
Permian Global, Inc. et al. v. Fuel Automation Station, LLC et al.

IPR2023-01237



Flow Galculations
5010

Flow Rate gpm)

1

Velosity (1 nch hose, fs)

075

Velosiy (Fainch hose, fs)

05 03

Velocty (1/2inch hose, ys)  Velociy (38 hese, ) Recommended Max (mis)
= = 2

2541

p Ti00%a12

00

00 emelocity {1inch hose, ft/s) Velocity (3 hose, tfs)

@ Recommended Max(ms)

0.0

00

20

FlowVelocity ffsec)

Flow Rate (g
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Flow Calculations

45440
Hose Size (in) 1 0.38
Hose length (ft) 200 700
Hose volume (gal) =PI()/4*C472*C5*12/231 =PI{)/4*D4*2*D5*12/231
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