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DESIGN ANALYSIS REPORT FOR
COMPRESSED AIR PIPING, 241-SY-101 HYDRAULIC PUMP RETRIEVAL TRAILER

1.0 INTRODUCTION

The purpose of this analysis is to determine the pressure losses in the
compressed air piping installed on the WHC 100-ton Hydraulic Trailer, a
component of the 241-SY-101 Equipment Removal System. Compressed air is used
to operate the pneumatic vibrators installed on the Hydraulic Trailer and
Strongback. To operate effectively, each of the six (6) vibrators must be
supplied with compressed air at the same pressure. Regulators are installed
at the inlet to each vibrator to control air pressure to the same pressure
requirement. The compressed air supply pressure minus the compressed air
piping losses must be greater than the regulated pressure requirement at all
of the vibrators. This analysis calculates the pressure losses in the
longest, hence worst case, piping run only. Pressure losses in shorter piping
runs will be less, therefore air pressure at all of the regulators will be
adequate if the worst case condition is satisfied.

2.0 SUMMARY OF RESULTS

The pressure losses in the compressed air piping installed on the WHC
100-ton Hydraulic Trailer are small based on the air consumption requirements
of the vibrators. Adequate air pressure will be available at all of the
regulators if the compressed air supply pressure is greater than approximately
100 psig. Pressure losses will vary with the temperature and humidity of the
ambient air, however the compressed air supply pressure noted will more than
accommodate these variances.:

3.0 DISCUSSION

Each vibrator requires a compressed air flowrate of 93 standard cubic
feet per minute, delivered at 80 psig. The compressed air piping is
fabricated from nominal 2-inch black steel pipe and fittings. A short piece
of hose connects the compressed air piping on the Strongback to the compressed
air piping on the Hydraulic Trailer to allow the Strongback to be raised and
lowered. The pressure losses through the hose are considered to be
negligible. The compressed air piping is routed back to a manifold with a
single-point connection for the compressed air supply. Valves are installed
to isolate the front, left side, and right side pairs of vibrators. The
configuration of the compressed air piping is shown on Drawing H-2-824510.
The pressure loss calculations are included in Appendix A.
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4.0 REFERENCES

DRAWINGS
H-2-824510 Vibrator Air Piping Installation
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APPENDIX A - CALCULATIONS
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ANALYTICAL CALCULATIONS
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AIR LINE SIZING - PRESSURE DROPS

BASIS: (2) 2-inch lines down length of trailer from compressor tie-in to rear of strong back.
upstream pressure is 125 psig from compressor output.
flow required (each line) = 186 cfm @ 80 psi.

pipe is 2-inch carbon steel inside diameter is: d:=2.067in

length of each pipe... 1:=60 ft
equivalent length of (2) 90 degree elbows: (pg 3-355).6 :=3.54t......... E:=2-8
equivalent length of (1) tee: (Pg 3-355).....ccccevrrrnrerernencnereres U t=12 f
total equivalent of pipe:......ciocecreeeveenriennns LEl+E+t e L=79#
volume flow rate; Q =186 scfm

(atmospheric pressure = 14.7)
pressure: P:=(125+14.7)
volume: v'=144
temperature: T :=60+ 460
gas constant; R:=5333
compressed air density: (pg 3-380) p :=§% p =073
standard air density 1 :=.075
weight flow rate: (pg 3-390) =~ W:=1:Q-60 W =837
velocity: (pg 3-390) v=A84W i3

3600-d%p

viscosity of airat 80 Fis : (pg 3-390) z:=0.0186 cp

R 2 632W

1 280105
Reynolds number: (pg 3-390) e R=13810

on curve 6 (pg 3-389) for 2 inch carbon steel pipe friction factor is: E:=0.021

33610%ELW?

pressure loss in the pipe: (pg 3-391) AP r AP =0.14 psi
] d-p

* all formulas are found in "Standard Handbook of Engineering Calculations”, Tyler G.Hicks
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AIR LINE SIZING - PRESSURE DROPS

BASIS: (2) 2-inch lines on each side of strongback from tie-in at rear for rear vibrators
at front of strongback.
upstream pressure is (125 - 5.34) = 119.66 psig from compressor output.
flow required (each line) = 93 ¢fm @ 80 psi.
pipe is 2-inch carbon steel inside diameter is: d:=2.067in

length of each pipe....... 1:=30 ft
equivalent length of (2) 80 degree elbows: (pg 3-355).6 :=3.5ft......... E:=2-8
equivalent length of (1) 2-inch -1-inch reducer: (pg 3-355)....cccceue-... t:=20ft
total equivalent of pipe: L=l+E+t i L=39f
volume flow rate: Q :=93scfm

(atmospheric pressure = 14.7)
pressure: P:=(119.66 + 14.7)
volume: v:=144
temperature: T =60+ 460
gas constant: R :=5333
air density: (pg 3-30) . p :=.§_';_ p=07

standard air deﬁsity: 1:=.075

weight flow rate: (pg 3-390) W:=1-Q-60 W =418.5
velocity: (pg 3-390) v=A834W  yggs
: 3600-d%p

viscosity of airat 80 Fis : (pg 3-390) z:=0.0186 cp

6.32.W
dz
on curve 6 (pg 3-389) for 2 in carbon steei pipe friction factoris: £ :=.022

R =68795.36

Reynolds number: (pg 3-390) R:=

_33610%EL-W?
d&p

* all formulas are found in “Standard Handbook of Engineering Calculations”, Tyler G.Hicks

pressure loss in the pipe: (pg 3-391) AP: . AP=0.02 psi |

ALl
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AIR LINE SIZING - PRESSURE DROPS

BASIS: inlet to (2) vibrators. ‘
upstream pressure is 125 psig from compressor output.
flow required (each line) = 186 cfm @ 80 psi.

pipe is 2-inch carbon steel inside diameter is: d:=2.067in
length of each pipe ‘ ' 1:=27 1
equivalent length of 90 degree elbows: (pg 3-355) E:=35f
equivalent length of (1) tee: (PG 3-355).....cccverecereecrrernensivescassnesansns t:=12 ft
total equivalent of pipe........ccccceevivvneennee. L=l+E+t e L=4251

volume flow rate: Q :=186scfm

pressure: P:=(125+14.7)

volume: v:=144

temperature: T =60+ 460

gas constant: R :=53.33

compressed air density: (pg 3-390) p :=% p =073

standard dehsity 1:=.075

weight flow rate: (pg 3-390) W:=1Q-60 W =837

velocity: (pg 3-390) v 1B8AW i3
3600-d%p '

viscosity of air at 80 Fis : (pg 3-390)  z:=0.018&p

_632W

Reynolds number: (pg 3-390) T 4z

R=13810°
on curve 6 (pg 3-389) for 2 inch carbon steel pipe friction factoris: & :=0.021

336105z L. w?

- AP =0.08 . psi
d-p

pressure loss in the pipe: (pg 3-391) AP:

* all formulas are found in "Standard Handbook of Engineering Calculations”, Tyler G.Hicks
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AIR LINE SIZING - PRESSURE DROPS

BASIS: inlet to floor penetration
neglect inlet air line diameter to trailer air line diameter change.
assume ball valve has the same equivalent length of pipe as a globe valve.
flow required (each line) = 186 cfm @ 80 psi.

pipe is 2-inch carbon steel inside diameter is: d:=2.067in
equivalent length of (1) globe valve: (pg 3-355) - gv:=50 ft
length of each pipe...... 1:=71 1t
equivalent length of (2) 45 degree elbows: (3-355) ¢ =25 ft........... El =49
equivalent length of (4) 90 degree elbows: (pg 3-355).08 :=3.5%......... .E2:=4-6
equivalent length of (1) tee: (pg 3-359)........... @ =12 R t=2-0ft
total equivalent of pipe: L=gv+1+El+E2+t L=169 f

volume flow rate: Q=186 scfm

pressure. P:=(125+14.7)
atmospheric pressure = 14.7

volume: v:=144

temperature: T =60+ 460

gas constant: R :=53.33

compressed air density: (pg 3-390) p :=£-'-;-_ p=0.7

standard density 1 :=.075

weight flow rate: (pg 3-390) W:=1-Q-60 W =837

velocity: (pg 3-390) v 184W 136
3600-d%p

viscosity of airat 80 Fis : (pg 3-390) z:=0.0186cp

R =832 W

1 350108
Reynolds number: (pg 3-390) " T4z R=13810

~oncurve (pg 3-389) for 2 inch carbon steel pipe friction factor is: E:=0.021

336 10°%5L-W*
pressure loss in the pipe: (pg 3-391) AP :=_§._1.%§____
P

* all formutas are found in "Standard Handbook of Engineering Calculations:", Tyler G. Hicks

AP =031 psi

Al




