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D-Zero Cooling loop-s 

Introduction 
Ttll3 report pr-ovldes th~ necessand SlZWg for he LN2 coolirlg 

cuils In thE' [t-2ero cndostats . Natural convec-tlon from flnnelj tubes wIll 
I1p .he means of coolll11J tt18 cryostats Elnd helr con ents untIl '3uch time 
,% lIqUId :an tie made by (ondenslng 

Eflcn CTldostat wIll contcnn three seperate coolmg runs (see flgs 

1,3) T'NO runs wIll be cooldown and the oUler steady st.ate. The'=E'ruf"l': 
"nIl be placed 1rI each cryostat 8S shown In fIg 3, 4a & 40 B~~ fIS'=;wmr'g a 
I uti V tube wall temperature, tube dIameter {3/4") & wall thlc~:nes'; 

1,0 1. 65") flnlj the totfll length of tube (2 X 2940" + 1463") the heat tranSTer 
can be c-alculEited Table 1 was calculated from relfltlOns in HandbOOk OT 
HeM Tran:;fer Fundamentals ·or free convect lOn, p_ 6-34 through 6-40 

Ttltde 1 

Rate of Heat Removal from Argon (Kvo/J. 

T \,.TJ (K). g8s temp. aWfJY t rom wa 11 s 


#flns/mct) .300 250 200 150 
I) 2(:" thIck 

.1 109 80 5~ 24 
160 ~ i B 76 35 

... 
IJ 200 148 97 44 

10 213 165 109 52 

12 210 162 110 53 


.:.le,;4 192 148 102 0 


16 172 133 94 '4 


ill8 tissurned pipe surface area = iin suri8ce area = 19,76 crriliin. Tilt:, 
~ot JrrlUm so1uti Lrl is hi gh11 gt) ted. 

LNZ Flow and AP 

The heo:lt tr:jnsfer from tile finned tubing could prO\.'1de up to ~OO 
K'1\' of cool ing, but only .:;; 50 Kw fot- T co = 150 k Temperature gradient 

conslderatlOns In .he module end plflte~: WIll 11I'fllt the cooldO\,lm rate to 
l e':.s t.har 20 KYy'_ If U"le LN2 IS at 8i3K and 3 attn. (29 pSlg) and the rim,v tor 

2;) KV1 I~; oSSUnit'lj then the .0.P in tile tubes cfln be calculated. 



rho =denSl tid 
'. ! ::: velocity 

L ::: 1 ength of tube 
Rh ::: t-lydr8ullc radius 

f ::: tube ftl ct ion f actot­
:13.., ::: losses due to fi tings and elbows . 

The mass flow E1t. 20 Kw C61"1 be calculated by dividing by ttle heat of 
vapori:ation (163 .J/g @ "3 atm., see alsfI , fig . 5, Variation of heat of 
" .Jpon:ation with pressure ior nitrogen.) to Ijive 1(9 1~:'"3 total flo\-\, O' 

4 75 I~/S flow per- parallel pass The llQuid ..\P is 59 time'; less _han the 
y':jpor j,P flnd vl"i11 be neglected Table'::' gives a breakdown of the vapor 
G:-8S3ure drops 3t dlfferent tube lengths few the vanous conflgur-atlOns of 
•he 23 pan)11 e 1 plj·3ses. 

Table 2 

Tut,e Length(jn~ 1800bends AP (Qsld~ 
.--.

~24.25 0.065 
36.5 4 0.036 
132.5 4 0.069 
174.75 4 0063 

231 ./5 4 O.OS(.. 

215.75 2 0063 
, ,­
I 17.:::!S L 0.042 

Conclusions 
Foom he table of heat removal from argon the ,j~ltirnurn number 

d fms per mcrl is 12. Th e pre~;sure drop per tube run lS very .smallin 
~ ompan::t]n to tl-H? driving force available. Tt-Ie vapor velocity 1n the outlet 
rn,jnifold i~. less than 7(1 crnlse' calculated from the equation belo\'v 

Vmax = Mdot/(rh0gos*A) 

Vrm1x ::: maximum velocity 

~ldot ::: mass flo'tV rate 
rtlO ::: densi ty 



D ZERO CALOR! METER 


CRYO-LOOP CONFIGURATION VENT 

MEASURED DESIRED LOOP P 
PLC CD RATE 

DESIRED 
.----..PLCCD RATE LOOP 

TEMP 

LIQUID GN2 
NITROGEN EXHAUST 

COOLDOWN 
2 )( 20 KW 


(UNDER THE LlaUID LEVEL) 


MEASURED DESIREDPLC
PRESSURE DETECTOR 

TEMP (PRESS.) 

...~-----. 

( > 

CRYOSTAT 

OPERATE 
10 KW 

(GAS SPACE) 

Figure 1 ,-... GTM 6/87 



D ZERO CRYOSYSTEM 


VENT 

MODES 

A. COOL CONSTANT P 
FILL B. CONDENSE CONSTANT P 

C. CONDENSE AND FILL 

tVENT t---t 

LN2 

.--­

EC CC EC 

Figure 2 GTM 6/87 
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Figure 3 




! 
;" ~ ~~~[ !

Y
 

~) 
rn 

III 
l]J 

~ 
rru 

@] 
Gl 

~
 

~i' n
!~ 

, 
/1 

S'~ 
~r

j
~i~ ~p 

~ 
.i 

~
 

lJ~ 0,11 ~ 
fII 

').I" 
a 

-
.-

~~! ~f~ t 
~
 .oS 

19
ft 

N
 

~k,
8-; 
'-'­
u'C 

10) 
Itl 

i£l
t!I 

. 
• 

• 
ffi 

• 
e 
~
 m

 
~
 

\ 

~ ~ 

~ ~ O
J 

SS -­~ 

.. i 

~ ,. u 0 ~ 

) 
~ ~ 8 
j 

.-u
. 



r 

I 
~ ~

I 
. 

~
, 

f 
~

I 
~ i 

i 
I 

i 

j ~
 

~ ~, ~
 

.. 
~ 

a 

, 
0 ~
 

~ 
~ 

9 I
Of 

i 
I. 

~ 
~ r , 
,,. 11 1" 

t i ~ 
~ Ia. 

•J 
I~ 

• 
5 d F 

~ 
iJ 

~ ;, ~ 
j :> 1 

.~
 

~ 
j 

11, 
! 

J
I 

-, 0
't !rd Q

 

I 

i l 'I Ii 

! i i, I i 
t 

i 
G

)
i 

i 
'­

\ , 
:3

i 
i 

~ !! 
i 

i 
:; 

u..
i 

I I I 



HEAT OF VAPORIZATION VS_ PRESSURE 
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FIGURE 5 ABSOLUTE PRESSURE (ATM.) 
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