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The D9 CC Cryo.tat i. to be cold te.ted with LN2' 
Calculation••how that the time required for the 12.6 
ton .tainle•••teel inner ve••el to reach equilibrium i. 
around 5 hour. if the vessel i. cooled by introducing 
liquid into a notltlle at the bottom. The heat tran.fer 
calculation. contain lD&Ily ....umption., however. As a 
re.ult, the ve••el will be cooled by .praying LN2 
through a nozzle at the vessel top, providing as fast a 
cooldoWD as de.ired. 

Discu••ion: 

The cooldown W&8 modeled ... if the ves.el at room 
temperature .uddenly contained 3000 gal. (50 ft ) of LN2 
pooled in the bottom.. As the calculatioJUJ that follow 
• how , conduction proved to be an insignificant mode of 
heat tran.fer (hundred. of watt.). Inaccuracie. include 
the ....umption of one dimen.ional heat flow through a 
uniform cro•••ection. 

Radiation W&8 treated with the as.umption of a constant 
average temperature difference between ve••el wall and 
cold .ink, giving a heat tran.fer rate of thou.and. of 
watt•. 

Convection was modeled after a vertical plate geometry 
under free convection and turbulent flow. Given the.e 
assumption. and aD average (con.tant) te.perature 
difference, the convection heat transfer coefficient was 
calculated to be 12 ./.2«. Thi. indicated a heat 
tran.fer rate of about 160,000 watts - by far the 
dominant mode of heat tran.fer. 

With the.e rate. and the known amount of heat in the 
vessel (mass times enthalpy change from 300 K to 80 K), 
the cooldown time i. readily calculated. 

The end of this note contains more detailed calculations 
by T.J. Peter.on con.idering convection only (a 
reasonable ....umption) and taking into account the 
decaying nature of the temperature difference between 
ve••el wall and gas. This calculation provide. the 5 
hour cooldown e.timate. 

http:Peter.on


Concluaion: 

Although calculations of the bottom-fill cooldoWD method 
indicate a reasonable cooI down ti.., the assumption of 
uniform gas temperature (abaence of atratification) is 
vital to the analysis and in fact may not be valid. 
Initially, aa liquid is introduced into the bottom of 
the vessel, it will boil rapidly creating large amounts 
of cold gas which then cool the walls above. As the 
vessel bottom cools and LN2 begins to pool, however, the 
boiloff rate could decrease significantly. Thus the 
cold gas aasumed in the free convection calculations is 
not generated. For this reaaon and in the interest of a 
speedy cooldoWD it has been decided to fill the vessel 
by spraying LN2 in through a no••le in the vessel top. 
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