S5SC DETECTOR SOLENOID DESIGN NOTE # 130

TITLE:  Cooldown and Quench Recovery
AUTHOR: A, M. Stefanik

DATE: January 22, 1991

ABSTRACT: This design note contains the first set of calculations for cooldown
and quench recovery.

SUMMARY:  The calculations indicate that a 1000 W refrigerator can cool a
24,000 kg cold mass down to liquid helium temperature in 248 hours,
Helium supply pressure must be above 10 ATM at times to achieve this
cooldown rate. The cooldown rate will increase if helium supply
pressure is limited to a low value because of the relief valves on
the solenoid’s LHe cooling circuit. These relief valves may have a
relatively low set point te limit quench pressure in the circuit,

The calculations indicate that a 1500 W refrigerator can provide a
quench recovery time of about 14 hours from a temperature of 77.5 K.
The 77.5 K quench temperature assumes that all of the solencid’s
stored energy, 190 MJ, is deposited in the cold mass. Quench
recovery can be achieved in under 4 hours with 6,000 liters of
stored LHe. The gasecus helium returning from the solenoid must be
compressed, sbored and reliquefied at a later time.

A quench temperature of 50 K is calculated for the CDF cold mass
from data recorded for a September 1988 quench.

CONCLUSION: The cooldown and quench recovery requirements must be included in
the specification for the refrigerator.






522703

FERMILAB

ENGINEERING NOTE

SECTION

3.0

PROJBECT

SDC

BERIAL - CATRGORY BPABE

é

BUBIECT

COOLDOWN AND QUENCH

RECOVERY

NAME

A M, 3T

Ef

I

"Wz /9

R
REVISION DATE

SUBTECT

PAGE

QUENCH RECDVERY

EXAMINE CDF GIUENCH RECOVERY DATA

2- 26
27472
@ﬁgﬁwééﬁy




522703

FERMILAB BECTION PROJECT BERIAL - CATEGBRY | PAGHE H

ERING 30 SDC ~

BUBJIECT ) PAME

SOLENOID CooLDown AMS

DATE REVIZION BRATE

iz/11 /90

Ac COOLDOWN RATE AND ESTIMATE THE HELIUM

PROCEDURE. & ASSUME
FLow RATES REGWIRED To0 ACHIEVE THAT RATE,

LCDF CoolLDownN TAKES ABoUT |0 DAYS.

AT L 00 K
LT L 300 = LZ5K  sE THIS Maw FOR_“THIS

+
B he CALLULATIO

TIPE W SOLENOID CoLD MASS = 24 tonnes = 24,000 Kq
= 52,910 Lbm

THE oL MASS 1S PREDOMINAMNTLY ALUMINUM

THE IPECIFIC HEAT AND ENTHALPY oF ALLMINUM ARE
TABULATED ol PAGE 3.

BASE THE CALCULATION onN CoolDOowwn TE gv% ?%5‘%@"%@ URE
INTERVALS OF 50 K TowWN TO 50K , THEN USE 25 K. INTERVAL

CALCULATE THE COULING POWER. FOR, E
AR OF ¢

145 W — SUPPLY L w £/ ~
: 22D 1 Ay Vi 2.2
s W QWMMQM LINE [ FROM DN IT.3

2.0 W = SpolL. ﬁm‘% }

TEM P INTERVAL. ,

JSE A CONSTANT HEAT LE

THE REQUIRED CpOLING POWER Fp R EACH TEMPERATURE LEVEL

lis TABuLATED AN PAGE 4.

g e




nazz § 3.1 3
SPECIFIC HEAT, ENTHALPY of ALUMENUM

Am S
1241150

Sources of Data:

Gisuque, W. F. and Meads, P. F., J. Am. Chem. Soc. 63, 1897-1901 (19h1)
Maier, C. G. snd Andersonm, C. T., J. Chem. Phys. 2, 51327 (1934)

PHillips, N. E., Low Temperature Physics and Chemistry, Univ. Wisconsin
Press (1958)

Other References:

Behn, U., Ann. Physik Beiblitter 25, 178 (1901)

Goodman, B. B., Compt. rend. 2uh, 2899 (1957)

Griffiths, E. G. and Griffiths, B., Phil. Trans. Roy. Soc. London A90,
557 (1914)

Kok, J. A. and Keesom, W. H., Physica b, 835 (1937)

Koref, F., Amn. Physik (4) 36, 49 (1911)

Nernst, W., Ann. Physik (4) 36, 395 (1911)

Nernst, W. and TLindemenn, F. A., %. Elektrochem. 17, 817 (1911)
Nernst, W. and Schwers, F., Sitzber. kgl. preuss. Akad. Wiss. 355 (191k)
Richards, T. W. and Jackson, F. G., Z. physik. Chem. 70, L1l (1910)
Schmitz, H. E., Proc. Roy. Soc. (London) 72, 177 (1903)

Tilden, W. A., Proc. Roy. Soc. (Lomdon) 7L, 220 (1903)

Table of Selected Values

Temp. C@ H Temp . p "
K J/em-"K i/em s J/gm= K 3/em
1 0.000 10% 60 O.2lh 3.6h L 01T
1 .000 051 | 0,000 025 T0 287 6.15
2 000 108 000 105 80 357 9.37
3 000 176 000 2h6 90 Jige 13.25
b 00Ul I ,000 261 000 463 100 81 17.76 | 0044
6 000 50 001 21 120 .580 28,4
8 000 88 002 6 140 654 ho. T
10 001 .00k 9 160 -713 Sleol
15 .00k O 018 180 760 69.2
D005 20 008 9 OL8 200 .T97 8k, 8 0.%
T 25 01T 5 112 220 826 101.0
30 031 5 232 2ho . 849 117.8
35 051 5 436 260 .869 135.0
 ho 07T 5 . 155 280 .886 152.5 1
50 .12 1.85 300 .902 170k} @ i
: ¢ |
* Pupercondueting Cp ;
For
3p0%, ;
5083, !
RJC  Issued: 06/15/59 L06]

ReF ' WADD TECH REPORT 60-56 0CT.[Fbo
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FERMILAB BRCTION PROJECT BERIAL - CATEGORY FAGE

3.1 SDC. 5

N&M@

REVISION DATE

;;z,ﬁif@@

,_@52}@/1%”;’%@) 3%%%65%537 /4 ?gﬁ/g = 45 (g/g

TEMPERATURE | NTERVAL !

ESTIMATE HELIUM FLOW RATES —

COMPRESSOR, CAPACITY FOR A FERMI GOO W HELIUM
REFRIGERATOR. IS 58 /5.

ASSUME ComPRESSOR CAPACITY For, THE 500 W HeL 1M

REFRIGERATOR IS AT LEAST g’/g@@/m@ 58 = 1459/s .

RATIO THE SSC MTL COMPRESSOR CAPAC

Ty 45 A C;’:H@WQKM

PROCEDURE TO CALCULATE THE HELIUM FLOW RATE FoR E::%%fﬁ

/ ) CfQ = 11 ,;

wWHER E | 2.8 oUTCET AnD 1 F INLET

e

e

2.) AT DEFmITIONS

SpLEMOID AT FOR &ACH INTERVAL = Tihiman— TENAL

APPROACH AT = 10 K ( GHe TO SOLENOIT)

3)GAS INLET TEMP = AVERAGE SoLE m TEMP =100 K

MAXIMILM GAS AT /&ﬁ% CDF = |0

4) CODLDOWN CAPACITY ABOVE [00 K- |S PROVIDED
SOLELY BY COOLING THE HELIUM FLOW WITH LN,
LOWEST MQ’Z&AMM TEMP 1N 7%2% CASE IS 90 K.

}ﬁ@@@@@wm M@%@gm B ELOW 100K S PR DVIDED
PY THE HE REFRIGERATOR . w\m%;M COOLING,
WITH Mm ) THE LOWEST TEMP IS [OK

- - . } ég ﬁ@ g}.&wy S e e n
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PROJECT BERIAL -CATEGORY Z@@

SUBIRCT MAME

e/l /00

REVISION DAYE

INTERVAL- NO | ASSUME: Fn= [0 ATM & RBut=7 ATM

SOLENOID AVERAGE TENMP= B00 + 1600/ 275 K
C OUTLET TEMP= 275 ~-/0 = 2.65 K
GAS INLET TEMP = 2750 =175 K
Q = v (ho~h)=mepAT  Pave=(0+2)/2= b ATM

Cp = 5T I BeTWEEN 275 K AND |75 K AT 6 ATM.,
| 9K

SOLVE FOR ma
78500 T « M £ Ty
| ! % %% ( 5. Y

g é§ :iz%jg = %ﬁ;@
CALCULATE THE PrESSURE DROP .

THE ASSUMED PRESSURE DROP 1S /10-2 =8 A41tM= |8 s

,,,,,

. 522703
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3.1 SDC 7

BUBIECT YT

«-.r.w"f: { TR
BAT REVISION DATE

f W%@

322703

FRoM DN /23, THE ERUIVALENT LENGTH FRoM THE
REFRIGERATOR, THROUGH THE SOLENOID |5 ABouT
1,874 F1 BASED oN A " INNER. D/IAMETER. P|IPE. THIS
LENGTH IS CALCULATED AS FOLLOWS

Le A + DA 123
() (in) P& No

SUPPLY LINE 4864 1097 0,013 13
CHIMNEY LINES 45 444 |/ 7.02.3% &1, 5%
SOLENOID (oI 1480 0013 46, 50
CONVERT THE SUPPLY LINE To 17 BASIS,

Ly = Kioga” /2" > T 002348 @%}< L e
o 1047

T S

{‘%(Q{» /55‘2}‘% v 4 P

&

& AY /000 g
ME GAS Temp = (205 +175)/2 = 220 K
A= 0. 016 ffg AT ZzZo kK AVD b6 ATM

W = 16 gy 36005, 1704613 kb o 27 Lbm/jf

e

o= L3V G310 (127) R
; el = S X0 = = 2,026

. 0026 (1,874
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BUBIECT

@&TE REVIZIONR DATE

smw%

BASE THE AP o9F THeE &XIT SPECIFIC VOULME . THIS
IS A SIMPLIFYING |, CONSERVATIVE ASSUMPTION .

vz = 43 L3/ tem’
A=TAE ST 2 0.7854 m"= 00054 ft*

/

Ypprn T

30O Spes” 000544

= /b psi = /)8 psi ok
THE MASS AOW RATE caulh BE INCREASED 70O

DECREASE THE CoolDowdry TyME FOR THIS TEMPERATURE
INTERVAL..
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FERMILAB

BUBJECT

NAME

REVISION DATE

T390

ASSUME: Pin= 8 ATM S Psut = T ATM
EMP = @f; 50+200) /Z; =225 K
GAS OUTET TEMP = 225 - 10 = 2ISK Y AT=490 K
GAS INLET TeEMP = 225 —joo =125 &J

2= (he-h,) %-mﬁﬁgﬁﬁf Pove = (6 %Za)/?“ 5 ATM

0. = 5,2 TETES
C@ 5 ?%’% Berween) 125 K. AND 225 K AT & A47M

SOLVE FOR. m —
7,100 % = g (5% 34 )30 ©)

m = 152 4/s
CALCULATE THE PRESSURE DROP,
THE ASSUMED PRESSURE DROP IS 8-7 = p AT

4

W= 152 47 5360048 2.2046 Lém = [20.6 Lbmy
pe y;% % {. /@fj{} g , p /{/Z%; é_m

AVE GAS TEMP = (ZiS+I25)/1 = 170 K
/éé - 0.014ecp AT 170K AUD 5 ATM
i;% -, 3 @Lé%%éi%?) ?”*544’%/@ = {“gj@fwé

(12
(1 en)( @am@ @@

;i«z; = 585 (page 7))

522?@3‘
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NOTE 3. ShC,

BECTIONR PRIIBCT BERIAL « CATEGORY PHBE

10

BUBJIECT NAME

@A"&“ﬁ

REVIGION DATE

/A g}g‘; =

/M A\* iy
&»ﬂ%} @721?@
120,64
(34, %) — o .-

THE MASS FLOW RATE Coulh BE [NCREASED To

INTERVAL .

ASE THE COOULDOWRA TIME FEoR. THIS “TEMPE




BECTION PROJIEET BERIAL « CATEGORY | PAGE

FERMILAB

NGINEERING NOTE | 3! she. /

M AME

BUBIECT

1213/ 90

DaTE REVISION DAYE

, ASSUME Pin = T ATM é Pout= 7 ATM
RAGE TEMP = (200 “MS“’@)/& =175 K
EMMP = (7510 /65 K

= 40 L (nguw T)
€ = ™ Um;m%g) = MQ’»%@ AT %&wgﬁ@ “%@3%& - %g% TM
C;%; = 5.7 z}’”’/{% K BeETweEsN 90Kk Aubd |75 K. AT 4.5 ATMm

SOLNE FPOR. =
OO0 I/, = " -y e /gy
oy 400 %g = ﬁfg ( 52 %}é? ( 75 fﬁé |
?ﬁ?%% el féz; Pe&?i@ (m, / 55

CALLULULATE THe

THE ASSUMED PRESSURE DR

W = |6, &%“ 3%/ v 3600 T v 21204 b ﬁiﬁé’ﬁfﬁi‘i — 130 Lb b,
5 hy JfOOO ¢
d

ME aAS Temp = (165 +90)/2= 128 K
M= 0.0l cp AT |28 K AvD 4S5 ATM

éf“”

Ly = (3 K g - :
loe 51 {g;m} - fﬁ&g X ngyéﬁ W%ﬁfm O.0LS
{@? @5@}

gzgm % _ @@m 5¢3

vy = 266 @%%/é;ém
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FERMILAB

NGINEERING

SURIECT

REVISION ODATE

= 5¢3 130 1 z26.6
- = 72 st =74
é? éag(ggggg‘@)j 23 DCIHE) r” psi’
O

e

THE MASS Flowl RATE CoULD BE INCREASED TD DECREASE
THE CoolLDoOWN TIME FOR THIS TEMPERATURE INTERVAL,
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3,1 SHC I3
T s

REVISION DATE

12/18 /90

BUBJECT

322703

INTERVAL No 4 SSUME | Pn= 15 ATM § Pout= Z ATM, |
SO LENOID AVERAGE TEMP = Q\g’ D+100)/2 = 125 K
GAS OUTLET TEMP = 12510 = IS ‘K@
GAS INLET TEMP = |25 — = 24

= 40 K (ww MMW”} )
A =mlhi—h) = m @F&T Fave =(5+2)/2= 8.5 ATM

Cp = Sﬁéﬁ’j@;% BETWEEN 90 K AND /25 K AT 8.5 ATM

SOWE Fok. m =
ﬁwi e ij _ 5 5
5,100 T¢ = 1% %f (g L7 %ﬁm\}@ &K

39.2 9/s
CALCAMNATE THE PRESSURE DROP

THE ASSUMED PRESSURE DROP (S |5~ 7 =

& & sy A A e 3 :} } B ;.

NOTE @ 15 ATM |5 ASSUMED 70 BE THE MAXImur
SUPPLY PRESSURE | SO THE pMARPMUM AP S

I i

19 Ps 1

AVE GAS TemMP = (JIS+90) /g =102,5 K
(= .0 ] &p AT /00 j< AwD 5,5

We = 31(311) = 2 4,p% = f£= 0,024
| (0:01)




FERMILAS BECTION PROJECT GERIAL ~-CATRGORY PAGE

NGINEERING NOTE | 3./ SDC -

FUBILCT MNAME

wr' P 7Y
L 2f13/F0

REVISION DATY

522703

APp= £L m&}z Vo
T\ Z4¢
= 540| 3l 18,3
(3600)(0.005#)\ "2 (37,2 ( 144)

e

= 273 jmf> 19| pSi
NG

PR

o THE MASS FLOW RATE MUsT BE RED
S

dl = 260 Lbw = 32.8 9.
N A hr /{%

UCED :

CooLDowr TIME =
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LIGUERACTION RAT

FERMILAS SECTION PROJIJBCT GERIAL - CATEGORY PAGE

3, SDe 15

BUBIECT

N&ME

TBA

“ff 3/ Py

Mﬁ%{ﬁlw UM HAS BEEN COOLED SOLEVY WITH aﬁme‘zw FoR

ERVALS | THROUGH 4. THE HELIUM WILL BE COOLED WITH
THE m@&s@gﬂmﬁ FOR INTERVALS & ”?“M&@wé%}r{ 7.

THE CooLING NEEDED FOR EACH INTERVAL MuUsT BE
COMPARED TO THE CoOLDoWM CAPRACITY OF THE PROPOSED
15700 \W) REFRIGERATOR. .

REVIGION DAYTE

ESTIMATE COMPRESSOR. POWER FOR THE 500 W REFR..
W = OMPRESSOR PoweERr,

G = CoolMNG POWER, = 1,500 W
qu@ = 30% K
f C - 4; 23 33* j<

DATA FOR. SSC MTL FACILITY

W 3086

C;zf | é gx’«r J% 4 §w§ é}
JDEAL

\ i — =% 9 I < ) e} g; ) /;_.,; Ny ’ ¢ ] 3
\"' ﬁj *:; M {’éﬁ%gwr / é:j ! C} f é / 7 <D fig{i i@l{%@ } . ‘Kfﬁ 6{1 {{4 5! ' %inj
0,25

CALCULATE THE LIQUEBACTION RATE THAT CAnr) BE
ACHIEVED WITH 420 [K\W]) .

Wiene= T (51-53) - f"ié@w hs) .
ﬁﬁm%f%% 1o 7

5
\M%@@g = 308 &(;% 1538 -3, %é@}/k& ~(1614.6-10.28) 3
= 7,010.44 %

WsharT = "‘?i;g; 4% - g@é)@@zw %

~
| . %
Y

wémm@m /wwm% 15

s %& 3600 &7, x

%5
@ c«y%/ fg
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SUBIECT

HAME

Dave REVISION DATE
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. NO. &5

2,800

3

CALCULATE THE

)

i

= 4.7 /s

= JO K,

= n 9 (35

ASSUME ¢ FN=2..4ATM & Pout =7 ATM

, ERAGE TEMP = (100 +50) /2= 75 K
GAS OUTLET TEMP = 7510 = 65 K. ]
GAS INLET TEMP
Gl =m @m

> AT=58 K

1.5~ 62.53 }7/4

PRESSURE DROP.

THE ASSUMED PRESSURE DROP 1S 2,4-7=0.4 ATM=5. ;aﬁs“'

W= 97 /?;/ g0 % {y - 2070 44, im;%ﬁ;"&i _ 77 fng@ ﬂ;% -

/44 = 0,005 4

GiS TEMP =
4?‘3 AT 38 K AND 2.3 ATM.

/ﬁ(f@g&’
@3 A /ﬁ)//gﬂ 25 K

( 77) = 9x70 > == 35m:” 0.0Z5

(@ 0054)

K=563
Y= 10,

(PAGE /1)
7 ﬁﬁ/éém

Z/@} e z@% f”f

(/0,7 +1:3 }/ 2= 6 -
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BECTION PROJBECT BERIAL -CATEGORYT PAGE

3 SDC I
3&,},3%?@
AFg =

T S
D <\A J 7 ge

~
Lz

56% b
(\3@0@%@ 005 4N 7(22.)( 1 44

= 4.7 PS5 m?@ﬁm
=]

THE 1500 W REFRIGERATOR CAN PRODUCE THE CooLING

POWER REQUIRED FOR THIS TEMPERATURE IN TERVAL
BECAUSE THE REQUIRED f’“w w aF 94,7 ¢ /g /5 LESSE
THAN THE LAUEFACTION RATE OF 15 ﬁ /S
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BSECTION PROSECT BERIAL - CATEGORY PAGE

3.1 sDC 16

N&Mg

@M,E REVISION DATE

5L/55/%@

TNTERVAL NO. 6 ASSUME: Piy= 2.2ATM 4 Rour = 2 AT/
SOLENOIY AJERAGE TEMP = m 25)/2 = 375K

AS OUTLET TEMP = 37.5—/0= 27.5 K _
“ / }A T=17.5

GAS (NLET TEMP = O K.
Q=via (hy—h)

BOO Je = m g/c( 156,88 - M@ﬁ%)”’%

M = 85 5/s
CALUMLATE THE PRESSURE DROP,
THE ASSUMED PRESSURE DROP 1S 2,7~ = 0.2 ATM=2.9 ps

o

tf[ U {%5 ¢ gﬂ %/C/ XV ‘jg éff” (f) (}M&“ﬁyﬂ;m Y ?; Méf 13 @ {@M j; éw %&,@ - ég? “;2’[ ?%:& , / g} }}}‘Zg /5’% ¥
£ hr 1000 r ”

AVERAGE GAS TEMP = (27.5 +/0)/2= /8.7 K

M= 0.0 O35 cp AT 19 K AND 2.4 ATM

A .
&= 6.3] (615 , - “
‘éﬁ% 2 \»;f?%g {éﬁ? . ::’ﬁ {;?Z Xf{?}g “ﬁwp%ﬂ?ﬁpﬁﬁj}”

/ {(0.0035)
K= 5””‘4%,% ( PAGE (1 )

ﬁ'/ Lbm
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FERMILAB BECTION PROJECT SERIAL -CATEGORY | PAGE
8 q ks - - €3
5.1 sDC 19
MNAME

A

DATE REVISION DATE

2/13 /90

BUBIECT

APg = £L (NN V7

= 563 gw 675 - & 2.9

THE RERMIRED

FLOW OF 8.5 9/S |5 LESS THAN THE
EFACTION RATE OF ;'S’”M/Q oK

CAMCULATE THE PRESSURE DROP FoR 156/ FoR. Pouwr= AT
AND  Tave = 18,75 K.

W= 15 (3600) (272048 1000 = [19 Lbwm /hr
M= 0.0035 cp AT 17 K-

/) «
Ko = i34 (]
3

4 J P ‘ ﬁf” . . “
; %3 ) = 2.8 X007 = % = 0,074
/(0,00

| £
35 )
K= 540 { FAGE 13 )7

Uiy = Vi = F.04 f13/tem (70 SIMPLIFY THE CALC
? f“ / ? w 4 /

APy = 540[__1A 5 Y 4904
3600 (0.0054)_| "7 GZ.2I(14E)

;H‘W TF50 K, A=0,0063b, Ro=1,7x105 £20,025, K=563, V= 16§
COMNCLUSIONY OF THE AP CALC FOR. | bj/fgﬁ @ﬁ%ﬁ@ 57§;:m

= 19,7 psi =1 39ATH

= Z.b ATM

USE. A SPECIFIC HEAT YALUE @?@%%;A%%‘méﬁmmwwg
m ﬁa@& MEW&W@&?%M%J@&@S “ ﬁ@ é’% &Nﬁ 2 /0 %M THE ‘
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FERMILAB BECTION PROJIBECT BERIAL - CATEGORY PAGK

GINEERING NOTE | 3.1 |SDC o

SUBRIECT

@A?ﬁ, REVIGION DATE

/Z/gg%@@

INTERVAL NO. 7

AGE TEMP = 257 4)/2= /4.5 K

ASSUME THE COOLING POWER IN THIS TEMPERATURE

INTERVAL [S PROVIDED BY LIQUID HELIUM BoiLIN G AT
4.4 K,

REFR|GERATOR OUTPUT TEMP IS 4. 334 K.

/f»{% %@ 0.5 T AT 4,234 |[<  WHERE ?{{i ENTHALPY OF
K SATURATED
LEID

HEAT LEAK. = 145 ¥§ = 150 W (PAGE 2) = Gl

L. E/@z&,@ z%"ﬁ\f””é”fw@% LPY AT ENTRANCE 70 SOLENOID <oOLING
CopL. = ;{m

LHe FLOW RATE FRoM REFRIGERATOR AT 4,334 K. = Mg

QLUALITY 2 FRACTION 0F THE TOTAL MASS WHICH IS
SATURATED VAPOR = X

CooUNG POWIER. 5 Qe = 53 W LATENT HEAT = “%5
e = g ~X) s %«%" 444K

4/ = A, + {QMW/WM

4,334 4.

Af4 1.0 1

Atg g — 4@{% & e/ mis ) +-A 44
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FERMILAEG SECTION PROJMECT BERIAL - CATEGORY

NEER 3. shC

PAGE

-]

N&M@

i%fi%"%

DATE REVIBION DATE

Ae
%@;@?4}7 %;ﬁ4 334 CQM&M -+ ”AM;Q@;;,

mg

mg <’§<3‘:‘W 4 “?{% 334 QL+ ity a@> =Gle

s

e

ms ng& AT At ps30t Mﬁ{lﬁf« 4 }4:%,(.> -

28] Q= Q(‘; “ﬁ’”{z [ 1. — @KZ’ ‘“‘é‘“’“’@@«%%
o Pg 4t~ Afa.334 +hfga) Agga ~ Afesse

- ﬁ%%f@@% . s h= Al
Ms = = (0.3 9/s
7 (29.9%-10.3) %% /s

THE REQ &ﬁ%@?; ED Flow mm S LESS “THAN THE
LIQUEFACTION) RATE OF 15 ?/g 0 K

TR

! OMNE ERVATIVE RBRECAUSE

THE 10.3 9/s FLOW RATE
SENSIBLE HEAT CHANGE |
BEEN INCLUDED, RECALCULATE THE Flow RATE FUR
THIS INTERVAL CONSIDERING THE (0OLING POWER OF
THE GAS PHASE ,

4’:? v,.«;(.v;?w é % g;;;‘fjb
FOR. THE GAS PHASE HAS NOT

SUBRDINIDE INTERVAL NO, 7 AvD CALCULATE THE (poliNg

POWER REQUIRED FOR FACH INTERVAL,
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FERMILAB SECTION PROJECT BERIAL - CATEGORY PAGE
ENGINEERING NOTE | 3.I SDC 23

NAM&

SUBJECT

DATE REVISION DATE

WM M@

MODIFY THE EQUATION TERIVED oN PAGES 20 ANT 2]
TO INCLUDE GAS CooLinG .

@@w( }{)m§/4fj°¢¢ +  ms (£j”f %ﬁ%ﬁ@@i«)

k &%«ﬂ”my&%éa@f m}{mﬁ (%%%@%mj%ﬁif Wﬁ%&@%
m§ (%yﬁr Atg.a = Xa%gg%%)
= m§ At
/{,@ = -vf’{,{@gm t @H&W/ﬁ;ag
X o= é( “gﬂg«éﬁé«
Afq ¢ 4

g/V[? g = @ < / Kj%gg

i

m h) (éﬁ T~ A fe4.33 @@ -

M = e + Qul
Ag7- A rp.534
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FERMILAB BUCTION PROISECT SERIAL - CATEGORY PABE

3,1 ShC 74

BUBIECT NAME

ms
'/14/90

REVISION DATE

INTERVAL NO 7.1

SOLENOID AVERAGE TEMP= (25+15)/2 = Zo K
QAS QUTLET TEMP = 20-/0= 10 K

AS &SS@M@@ on PAGE 2@) THE COOLING, PODWER N THIS
TERVAL. IS PROVIDED BY LIQUID HEL UM
BoiL N@ AT 4.4 K AND THEN SUPERHEATED TO 10 K.,

THE EQUATION ON PAGE 23 CAN BE USED T0 CALCULATE mis
FOR THIS CASE !

Aul = |50 W
Cle = | A

/ /)
4 % ﬁ 71 é 9 - 7% &ﬁ”&

£, 4 e 7 N . ;R
frase = (6493103 )Y = 54.63 g
A < { -
" . 45 150 és%ﬁ/B

THE REQUIRED FLow) RATE |5 LESS THAN THE LJAUEFACTION
RATE OF |5 %jg m{m
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FERMILAB BECTION PROJECT BERIAL -CATRGORY FPAGE

3, SDC 7.5

NAME

i/ 4@/ 9/

BUBIECT

[ REVISION DATE

TNTERVAL NO 7,1
SOLENOITY AVERAGE TEMP = (5 + /0) /2 =/2.5 K
GAS OUTLET TEMP = 12,5 -/p = 2.5 K< 4. 4K

S TGNORE THE GAS CODLING Fok. THLS AND SUBSEQUENT
INTERNALS ( AY ASSUMED FOR INTERVAL NO. T O8N PAGE
20.)

USE THE EQUATION ON PAGE 21 10 CALCULATE ms .

38 + 150 Y
(24.96— 10.3) 7%

3.
84
{

THLS Flow RATE |5 SULIGHTLY LESS THAN The VALUE oF

10.3 § /5 CALCULATED ON PAGE 71 Fol. INTERVAL NO 7,

STeErDY STATE Hw T LOAD  DomNATES N T
m*‘f%:r@%w% $,Tus %«%% [T DID IN INTERNAC 7. .

= 9 9/5 IN INTERVAL NO T.3

Mg = 205 +150/(29.98-/0.3)
8.7 g/s in wTervAL No 7.4




FERMILAB

ENGINEERING

SECTION

NOTE 2.1

ShC

SERIAL -CATEGORY PAGE

26

BUBJIECT

S%MM&&%«%&’ THE MIN IMUM

P ABSE

A

INTERVAL

179 /9]

REVISION DATE

522703

TEMP

IN TERVAL

(K)

300 = 1§50
250 - 200
700 ~ |50
/50 — j100

e,

REQUIRED

FLOW
RATE

(3/5)

ESTIMATED
AVAILABLE

| 6
/5.7
16 . 4
52,8
@’%& 7
8.8

R R A

W”: s Z %«» %

§
= |03 days




BECTION PROJECT SERIAL -CATEGORY PARK

FERMILAB

ENGINEERING NOTE | 3-Z | SDC 27

BUBJIECT

QUENCH RECOVERY s

"1)3/4)

e
REVISION DATE

QUENCH RECOVERY TIME 1S SPECFIED A4S 4 HOURS.

REVIEW CDF DATA To ESTIMATE HDOW MUCH OF THE
STORED ENERGY |S DEPOSITED IN THE (0LD MASS AFTER A

CLUENCH .

FROM CDF DesIGN REPORT —
CLOLD MASS = 5,568 kg
STORED ENERGY = 36 x /D¢ T

FoR Regyr = 0. 5. y T @:g@ = (9 K

= §.39 J f@%

A su= 0000463 “%ff

f?/{ Linaf = 0+ € 00 44673 % %ﬁ 39 = §.39 «’;fiﬁ = {{:%mé = ] K “iNs
FOR. {%g}{m? =007 5L ) f@ﬁ = (325 K

gw AT 446 ‘%f = &iﬁ

1R Al DRED EN ﬁﬁ’ﬁ,@? = G 46 -y 56 %Qﬁﬁg\ > :

<
SO

o9

30 x 10°F

NOTE: BOB KEPHART REPORTS THAT Teq 1S ACTUALLY ABoUdT
45 K WITH Rext = 0.07 .,

522703
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FERMILAR SECTION PROJSECT BERIAL-CATEGORY PAGE

ENGINEERING NOTE | 3.2 | SDC 29

SUBJECT MNAME

e : ~

REVIGION DATE

SDC  STORED %Mg&@y = 190 MT (TYPE-T.)

4 = f@m/@@ I =792 % = Jeg = 75,5 K
ﬁ@f@ﬁﬁfﬁﬁﬁg

IGNORE THE DeCRE?
S NOT DEFINED YET

1SE FoR RexT > O BEC

IUS E REXT

PROCEDURE TO CALCULATE THE HELIUM FLOW RATE FOR EXCH

TEMPERATURE INTERVAL

WHERE ! 2% OUTLET AND | 5 INLET

2) AT DEFINITIONS
SOLENOID AT FOR EACH INTERVAL = Tiwriac~ Trivac
APPROACH AT = 3 K (GHe To SOLENOID)

3 ) QUENCH RECOVERY Q%%%@MW IS PROVIDED BY
SUPPLYING LIQUID HELIUM To THE SysTEM AT
THE MAXIMUM LIGUETFA {:w ON RATE , THE HELIUM
IS .VAPORIZED AND HEATED TO THE OUTLET GAS
TEMPERATURE.,

%@Mgmmg THE HELIUM REFRIGERATOR. CAN NOT
RECOVER THE REFRIGERATION 1N THE Low

5) LEAD FLOW S%Wéﬁf PoINT 1S DOWNSTREAM IF
SOLENOID,




522703

FERMILAB BECTION PROJECT SERIAL -CATEGORY PAGE

BUBJIECT

NGINEERING NOTE | 3.2 | SDC 29

REVISION OATE

INTERVAL NO. 7.4 REFER 70 PAGES 22 4 25

CoOLDOWN  FLOW = /5 g/s
SOWE FoR. THE RECOVER) TIME
(2 = v AR
Qe+ Que = Qroan, = M Ak
= zg“g% (m%mz@g;%‘;)%»
295 7L W

Qo= 170 W

@

o Lo = 2980 ~170 = 125,72, W
TmMe = gja; L 00OEF - 0.000463) ,‘% (24,000,000) X

1 25,7 7/

TS = o, D0

f-v%{%
s
g

9

INTERVAL AMO. 7.3 REFER JO PAGES 27 5 2§

Qe = 125,72 W  (SAnME AS INTERVAL NO 7, 94

TIME = (0.0049~ 0. 00034) z5’7‘/?’ (24,000, 000)%

f?é;”“ . s
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FERMILAB BECTION PROJSJECT BERIAL -CATEGORY PAGE

30

!

NEERING NOTE | 3.2 SDC

BUBSECT

T4

REVISION DATE

TINTER

Qe = 1257 W (OSan

TIME = (0,018 —0.0049) Vs (24,000, 000 )
/28 s
= Z,51sS = 07 hr

TINTEWAL NO, 7, ReFer. 70 PAGES 27 424 (257017)

NAL NO, 7, & REFER.TO PAGES 27 AND 25

€ AS INTERVALS 7.3 & 7.4)

CopLiING 1IN THIS INTERVAL S PROVIDED BY LIAUID
HELIWM Bollindg AT 4.9 K 4AnD THEN SUPERHEATED

TO O .
Qe + Ayl = QAroan= ms (- %U - A £ 32 @\5

Y g

‘?’

Qe =819.45- 170 = 6449, 45 W

TIME = (0.11T —0.01§) Jp (24,000 ,0008)

049,45 s
=3,474s5 = 0,97 hr

AVERAGE 50
@A&WM@"%
OF 20~3 = |7 K. Aoy = 102,10 /4
Qe = 15( 1022 -10.3) 170 = 1085 W

TIME = (0.12-0,018) (24000, 000) = 0.2 hr
(1208.5 D (3600)

LENOID TEMP = 20 K,

HE RECOVERY TIME FOR. A GAS oUTLET TemP




522703

FERMILARB BECTION PROJICCT BERIAL - CATRGORY PAGHE

NGINEERING NOTE 3.0 SDEC 31

}S REVISION DATE
/174

WNTERVAL NO. b ReFer To PAGES 4 £ 18

ASSUME THE Cpoling [N THIS [N TERVAL S PROVIDED
BY LlIawD HEUIUM BoltliNG AT 4 4 K /QNZD
SUPERHEATED To 27.5 K,

Qe+ Quu = oAl = M's ""eéé}%ﬁgm - Kf4,330)
= /%Tﬁgé\ 572 = 10.3) Yy
= 2,203.5 W

QH&M = |70 W

e T 103,85 70 = g’“g 033,95 W

TmMeE = (1185~ 0.112) Ya- (24,000,000 ) 4
f;{’?ﬁ% . {fﬁ |

= 20,51 s = 5.7 hr

ZYASSUME THE Cool MG IN THIS INTERVAL 1S PROVIDED

BY HeELIIM GAS WARMING FROM [0 K TU Z 705 <,

ESTIMATE THE CooLING THAT CAN) BE PRODUCED AT A
Cold END TEMPERATURE OF /0 K wiTH 420 kW OF
WARM COMPRESSOR. POWER , REFER. 7O FAGE 15,

Wipeac= T (s -353) {%g ég;%)

Sp= F1538 Vq-k. b= Holdhb T@

S3= 13,64 T/4-K  hy= 64434 (P: ) ATM ,T=10K)

Winen, = 308K (31538-13.64) 34, -~ (16146-64.93)%
AR

n] — NoT mucH
ETTER THAaAN )
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FERMILABR SECTION FROJECT SERIAL -CATEGORY | PAGE

NGINEERING NOTE | 3.2 | SDC Sz

BUBIECT Nﬁﬁw

BATE REVISION DATE

1/7/9/

ConTINUETD —

REPEAT THIS CALLULATION WITH STATE 3 AT ThHE
ASSUMED ENGINE EXHAUST PRESSURE OF 3.5 ATM
INSTEAD OF | ATM,.

= 28,94 ;T/ﬁﬁ,% ‘ﬁi/ = /éif‘égj}/ﬁ

Sz = 10.75 Jfq -k Az=060.6 I/q
Wivear = 305 (28.94-10715) — (1biS. 4 - 60.b)
= 4,048 Tlg = 3963 Iy —= STOP

REFPEAT 1 WITH SMAWER. TEMPERATURE SUBDINVISIONS —
50 Tp 40 K
SOLENOID AVERAGE TEMP = (50 + “%W 2= 45 K

f’;%j%’;ﬁg &fiiZﬁi u?w{;n&} ( “z g;; Y g;f; P ﬁ’fﬂ% f/qﬁ e @j é;;

Q= 2,790 =170 = 2,620 W)

s
TIME 0,755 )Y (24,000, e
7im U 35-0.775%5 ) / (24,000 000,57) _ )0, O30S
2,678 s '




FERMILABR BECTION PROIECT SERIAL - CATRGORY PAGE

3.2 | SnC 33

BUBJECT HWHAME

REVISION DRATE

‘mfﬁ/g;

40 70 35 <

SOLENOID AVERAGE TEMP = (F0+35 /2 = 375 K

GAS OUTLET TEMP = 37.5-/0 =275 K

Re = 2,033 W FRoMm #1 ON PAGE 30

TIME =(0755 ~0,436) Iz (24,009,000 _ 35,7665

2,033 %ﬁé

= /05 hr
25 To 20 K.

SOLEWNOID AVERAGKE TEMP = >§W>* 30) / 5K

GAS DQUTUET TaMMP = 22.5 ~10 = 22.5 )<

) oAl = ¢ X I o= ), 811 W
) To AL 73/@ ( 2,08 -10.3 ) /% /)¢

(e = // it — 170 = //? ’;;’2 /A

“EE R A i { 2z P 7 (w? “7 oy : v ey Vs B A .m ;\
TIME™ = @ BT e RS {f%} /3 /‘ ( 7 /% L OO, 0L, ;}z j o 2 ’% <

Y :
e

LGt s 0,83 A

30 To L5 K

" / Y
SOLENOID AVERAGE TEMP = 3D+ 25 )2=275 K
GAS OUTLET TeEMP = 27,5 -10= /7, 5 X,

oA =[5 a7 — 0, -
G TaAL -J (/zﬁ}éﬁ &~ /0,3 j% . //g Ay 7 5 )

He = é,f/m/;i‘"? S -170 = 5}2@? <
ey @@ &

N #/,

522703

7 Yo
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FERMILLAB BECTION PROJEGCT SERIAL -CATEGORY FABE

ENGINEERING NOTE 2.2 SDC 34

BUBJIECT NAME

AMS

\/3/9;

SOLENOID AVERAGE TEMP=(IDD+50)/2= 75 IK

CALCULATE THE RECOVERY TIME USING THE |59/5
LIQUEFACTION RATE AND INLET TEM :

et Glue = QroTAL

Qurc= 1770 W
VB = 431 WAlITOW = 4,142 W

TIME = (1776 f%}%? (24,000,000

4, 1 4 2. T/s

92,187 5
= 25,6 hr (me IS Too mf@@%v)

SIoNS . THE
£ onN PAGE 35,

ARE SUMMARIZED IN m%

@Ai’ﬁ REVIGION DATE
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FERMIL. AR BECTION PROJECT BSERIAL -CATEGORY | PAGE

ENGINEERING NOTE 3.7 sHC Sb

BUBJECT NI&ME

DATE REVISION DATE

//‘7/%

CALLULATE THE RECOVERY TIME USING THE 1S 9/
LIQAUEFACTION RATE AND (ONSIDER. THE ENTHALRPY
CHANGE FROM LjQuUib HELiWmM SATLURATED 47T ¢.5334 Kk
To THE GAS OUTLET TEMP.

rotAL = %%«gy 4~10,3 % = 5,/3/.5 W

Ae= 5,130:5-170 = £96/.8 W

TIME = UTT76=1.85) T (24,000,000 9
F+96/.5 T/

= 2.4 hr (TS 15 700 LoNG.)

THE TIME FoR EACH (0K /A TERVAL [S NOTED /N THE
é&% COLU PBY 1R - %%% TARBLE an PAGE 35,
USE SUBCOOLED AITROGERN TO Cool THE HE LM GAS FLOW .,

ASSUME LN 1. BATH TEMPERATURE 1S 65 K.

ASSUME A § K APPROACH TEMP, .\ THE HELIUM GAS STREAM
s CooleD To 7o K.

MAx Flow = (45 q/5 FRom PAGE &,

USE THE 10 L APPROACH BETWEEN THE ouTLET GAS
AND AVERAGE SOLENOID TeErMP USED IN THE 0 THER SECTIONS
OF THS @@%ggm NOTE ,

ALSO “”W?Sj A ZERO APPROACH Tesm P.

THE CALCULATION |5 SUM PMARIEED on PAGE 37,

N@T&; ﬁ%ﬁ METHOD 1S APPLIEARLE wWHEN THE COLD MASS
TEMPERATURE EXCEEDS ~ 75 K BY A FAIRLY GOOL AmounT.
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SERIAL - CATEGDRY

PROJECT
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NAME, .

REVISION DATE
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FERMILAB
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FERMILAB BECTION PROJECT BERIAL -CATEGORY PAGE

ENGINEERING NOTE | 3.2 | SDC  *o

BUBIECT NAME & S

DATE REVISIONR DATE

/q]q]

522703

H

THE QUBNCH RECONEER TIME WITH 3K, APPROAC
=[S

TEMP AND 154/5 HELIUM FLOW RATE

INTERVAL  ToTAL
INTERVAL TIME TIME

(K) Chr) (hr)

R

778 —70 2.2 13.71
TO - GO 3.5 1.5
L0 — 50 F.07 7.96
50 — 40 2.3 4.94
40 -~ 3 .81 7.6 3

325 - 320 O, bl |, 22
20~ 2§ 0,44 72|




522703

ENGINEERING NOTE | 3¢ ShC &+

SUBJIECT NAM&

FERMILAB BECTION PROJECT BERIAL -CATRBGORY PAGE

ELUENCH RECOVERY WITH STORED LHe S

fgf@§

THE GoAL 1S T ACHIEVE A QUENCH Rmﬁvgﬁy TIME
OF 4= HOURS WITH MINIMUM COMPRESSOR, HORSEFDWER

CALCUATE THE MINIMUM FLow RATE REQUIRED 70
ACHIEVE A 4 HR QUENCH RECOVERY TIME,

CALCULATED AS 13.71 HR ON PAGE 40,

S INCREASE THE HELUM Frow T 4 (159/3) =60g/s .

REDO THE CALCULATIONS ON PAGES 35,39 AND 40 W TH
A HEUum FLOW RATE OF 60 9/s. )

THE CALCULATIoN 1S SUMMARIZED ON THE NEXT AGE .

THE QUANTITY OF STORED HELIUM 15 :
o ﬁj}( 5 i P P . P ey ¢
/Le} ?} / £ {%/}j 71@ LS A Q “K)j f/ﬁg/} ) 4 /} ;( fi ) cjf égﬁé

(13 ,{ 1000 e
THE GHe RETURMING FROM THE MAGNET muST BE
MEM PRESSED , STORED AND THEN KELIGQUE FIED ,

Compale M IS QUANTITY OF LHe TO THE QUANTITY
REQUIRED WHEN USING ONLY THE LATENT HEAT FOR
QUENCH RECOVERY FROM T75 K (IGNORE HEAT LEAK.) !

24,000,000 g (741 = 0.000463 )7, /ﬁf

= 10,240, 7§§§
18.56 74

&\* %%ﬁ AT $ 8§ K
85 255/5,76S = | {44

REVIBION DATE

THE QUENCH RECOVERY TIME FOR A4 /500 W REFRIGERATOR
TING AT 1TSS MAX)MUM LIGUEFACTION RATE HAS BEEN

THE 13,71 HR MUST BE REDUCED BY 4 FACTOR. OF 371/4 =34,




FERMILAB BECTION PROJECT SERIAL -CATEGORY PAGE i

3.2 | s»C 4-7_ |

ZUBIECT MAME

BATE REVIBION DATE

‘444l

522703

THE QUENCH RECOVERY TIME WITH 3Kk APPROACH
TEMP AND 6D g9 /S HELIUM FLOW RATE 15

TEMP CoolING INTERVAL. TOTAL
INTERM AL PoweTl TIME TIME

() (W) (hr) Chr)

TS - 70 21,916 0.54- 3,283
70 — 60 19,420 0. &6 7. 7432
LO ~ S50 b, 300 0,73 ], 8932
50 - 40 /3,180 0. 55 153
40 -35 10,990 0.2 0,603
35 -30 q,424 0. 14 9,403

b0 -85 7,8 58 0 0. 262
25 20 6,18 b 0,07 0. i3
20 15 4, TOE& 0,04 0.093
15 -0 3,107 0:03 0.053
/0 -5 /1383 0.07 .02
5 -4 /1,000 ©.003 0.003

&

= Ve ey
éz;m = &;% é 1@3 % &

7 0% (e —103) 1T

%ﬂ% /334
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FERMILAR BECTION PROSJBECT BERIAL - CATEGORY PAGE

ENGINEERING NOTE | 3:3 SDC 43

EXAMINE <DF @ : : -0y A Ams

DATE REVIGION DATE

QUENCH_ <EPT. 1988 i/22/91

SUBCOOLER.  LHe CARACITY = 065 A

NORMAL  STORAGE “1EWAL CAPACITY = 1500 L MAX

TIME TO COOL MAGNET TO LHe TEMP AND ESTAEB LISH

PROPER. LEVEL In) SUBcooler = 7Z hrs USING CDF Comps,
A~ LS hYS USING TEVATRON COM
~ ke (ONE TIME)

Lhe 1N STORAGE BEWAR, AFTER QUENCH RECOVERY = 1,000.L

STABILIZATIoN) TiMeE = [ hr

CALCIMATE THE MAGNET QUENCH TEMP ASSUMING:

. ~3 hr RECOVER) TIME

z. O A oF LHe 1S Usep 70 ool THE MAGNET

LY

BACK.  TO (He 7T e P

K_ APPROACH AT

4. 5,568 Kq cOLP MASS

5, STEADY LHe FLOw) RATE

b, SYSTEM HEAT LEAK. = 70 W

7, COMPRESSOR CAPACITY = 8 4 ff

LHe. FlLow) RATE S04 /’ 2 o= 07 AL //é r
THE mfémm“mm\/ 1S SUMMARIZED ON THE NEXT PAGE.

16T & , br ., Loooee , 0,123 _ e —_—
br 3600 JWW Y= 5T 9L < 5B 3/5

ok
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