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Project Hyper /! oo®dSan. oFsr aAmcgies/lceos Tr ansportation Tube a

By VIadi mir Chut ko, Ph. D.

Project Hyperloop is the project of highpeed transportation system where the passenger capsule rides in a tube with redessdiner [1]. The origi
nal Hyperloop concept supposes that there should be a transportation tube from Los Angeles to San Francisco with thédeh§B0akm where the
pressure about 1 mbar should be maintained. There are a number of other propositions of Hyperloop foutssAngeled Las Vegs, Pari® Am-
sterdam, Cracowd Gdansk (Poland), and a number of companies developed those projects. At those companies websites youruane fimdess
detailed description of different project components, however there is no detailed information how their engineers aréogaimgp down the Hyper
loop tube. Author have found just only source with analysis of Los Angefesn Francisce Los Angeles two tubes vacuum pungpif2]. It is show
there that using Busch R5 RA1600B 100 pumps with pumping speed E6@fuinplaced at 6 km distance along the tube the Hyperloop tube pumping
time to 2 mbar pressure is 5 days. We'll try to estimate if we can pump down the Hyperloop tube faster with modern powaried pnd how many
of them we need.

So, our goal is to pump down the tube with the length 560 km and diameter 2.5 m ( we take it a little bit more than prgyasseager capsule diamg-
ter 2.43 m) from atmosphere to pressure 1 mbar. Let's suppose for simplicity that the tube is straight, made of matemayiigible outgassing raffe
(outgassing rates of most metal and plastics conventionally used in vacuum engineering are in fact negligible in tigreasge® and at normg
temperatures) and that there are no any leaks. Intuitively suppose that today it is practically impossible to pump dotubesuéth just one or two
pumps or pumping systems located on the ends of tube or in its midithe tube is too long, relatively narrow and its volunseaibout 2.7x18liters =
2.7x106 m®. A simple rough estimation using equation (1) [3]

t= 2.3(V/Q)log(R/P), (1)
where t 8 pumping time from initial pressure, B pressure B V the volume to be pumped down, 8 vacuum pump pumping speed, shows thay to
pump such volume with a single pumping system from atmosphere to 1 mbar in 1 hour we need a system with pumping spéed®héud,dn 10
hoursd 1.9x16 m*hour, and so on.... Let's place a number of pumps along the tube and see what happens.
We'll use a largest vacuum pump we could find in Intedetechanical pump W/ ®f Pneumoforg(ltaly) with the pumping speedl 8 BEM= 3 1 1 €
m¥hour @ 6Hxd 2 En%htur@ 5H2, ultimate vacuum 0.5 mbar, inlet flange DIN200 (Dia.200 mm), and consumed power 90 kW for 60 I (F
1) [4].

(Continued on pages 4, 5, 7#9)
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Chapter Activities

noon the group toured the laboratories at Vanderbilt University with Bridgett Rogers. Tuesday afterf
noon they toured the AVS Symposium Exhibit arBlae schools of both teachers will be receiving a
vacuum system from AVS.

From left to right: Tim Gessert (instructor) with Russ Cramm,; Kristy Marr (far right)
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Science EduWarbshop 2016 at AVS |[Nas.
Each year, AVS conducts a twlay inservice workshop on lowpressure experiments and modeling
for middle and high school science teachers from the United States and Canada since 1990. The 4016
Science Educat or dsNoVémbek6hhioBth in Naskvilleh Behndssaering the
AVS 63rd International Symposium & Equipment Exhibition. The SCCAVS sponsored Kristy Marr ¢f
JH Hull Middle School in Torrance and Russell Cramm of Downey High School.
This yeards SEW had 23 teachers from around |t he
classroom and lab activities ranging from simple demonstrations to longer experiments. Monday afer-



