5SC DETECTOR SOLENOID DESIGN NOTE #123

TITLE:  Pressure Drop and Heat Load Analysis #1 for the Single Loop Helium
System

AUTHOR: A. M. Stefanik

DATE: December 7, 1990

ABSTRACT: This design note contains the first set of calculations for the
single loop helium system.

SUMMARY:  The results of the calculations are summarized on the process flow
sheet on page 2.

The piping heat leak is based on using superinsulation without a LN2
or helium shield. The total heat load with this type piping and also
with Tevatron type piping are noted on the process flow sheet.

The calculated heat loads for the SDC and CDF systems are compared.

The required supply pressure with the charging load included is 27.2
psia as shown on the process flow sheet. The supply pressure
increases bto 28.13 psia for the same mass flow rate without the
charging load. Without the charging load, pressure drop decreases
and the average density in the return line increases due to lower
quality. The supply pressure increases because the decrease in
pressure drop does not offset the increase in the pressure caused

by the difference in elevabion.

CONCLUSION: Heat transfer in the solenoid’s cooling coil must be checked and
compared to the requirements.
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RETUR 0
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SUPPLY

SYSTEM DATA FOR. POINT No.—»|

!

(2)] (3)

FLUID He | He | He He |He He
- FLOW 10D Y N7 83 1.2 | 90.5190.5 | 90.5 | 90,5 1905 |90.5
PRESSURE 1213230 16,5) 32 129.613).1 (2521210 [202] 16.5
SATURATIDAN PRESISURE I3 1200 V6.5 [ 2o 20,0 (20 1252 2111 20.2) 16.5
TEMPERATURE K, F4 1463 4351 45T 457 [4.58 |485 [4.67]4.58 |4.35
RUALLTY O lo 19 10 O 10 [0 lI641188]33
HEAT LEAK = 303 15,0 — 165 |50 1524 87.9] 51 |724.6
FRICTION HEAT LOAD 147 - 1= I 163 335 1252:3.8 | 2.]
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1) HELIUM VAPOR. FROM THE SUBCOOLER, MAY BE USED TD COOL THE POWER. LEADS.

Z2) THE TEMPERATURE @"““@%&; SUBCOOLER, CoulD BE AS LOW AS 4,25 £ |F A ColD

COMPRESSOE 15 Fﬁawmmx AT THE

2) FURTHER, = m&%é’ﬁwaﬂgw@ 15 FOSSY

4) SUBCOOLER, HEAT | M%@é (5 w,

SUBCOOLER,,

BLE AT POIrITS 4 AND &5,

5) AS NOTED IN THE é’*g%ggé;%&% ATIONS ; LINE HEAT LEAK 1S RPASED on usinG

|

SUPERINSULATED PIP
THIS LINE 1S ABoUuT
LINE, WHERE THE
HEAT LEAK. 1S 0,27
ESTIMATE
TOTAL HEAT LOAD Sk MARY .
(WITH 220 W QHA&@&&I% Lo
INCLWDED ) ‘

,;4; W/mﬁﬂ

UM LINE |5 SHIELDED BY A PIPE FULL OF LNg,
W/m™*. REFERENCE 3 SUGGESTS USING 2.3 W/m™ To
HEAT LEAK FOR A LNo SHIELDED HELIUM LINE ,

NG WITHOWT AN Lo OR  He SHIELD, THE HEAT LEAK. FOR

HEAT LEAK FOR THE TEVATRON TRANSFER

THE

"
Sy
%;&‘%Mj
7

5%?3&@1&&}%@ UCTING
S0LENCID

TZ0 W FOR SUPERINSULATED PIPING WITHOWT A SHIELD

391 W  FoR TEVATRON TYPE PIPING
» W FoR REFERERICE Z ESTIMATE
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4 - BLoOCK. JALVES

/4= F0° SHORT RADIUS ZLBOWS

2~ TEE BRANCH DBEANCHES

[ - Q@f\/c‘?’ﬁm VALVE (IF LOCATED UPSTREAM 0F SUBCOOLER.)

2 U-TUBES (2 ELBOWS FOR EACH U-TUBE ARE INCLUDED ABOVE,)
|- SUBCOOLING CoIL AT TETECTOE. A

4 BAYONETS

FIFE (eENGTH |
Frofm Pump /SUBLOPLER 7D UTILITY SHAFT (2.0 L4
LOWN  ATHATY SHAFT /50
CVER TO TOP oF BETECTOE. 120 +F

- TUBES ( 10 f+ EACH FDR ELEVATION 20 %
CHARGES « HORYZONTAL LENGTH
IS INCLUDED IN ABOVE LENGTHS. )

SuBcootin G Caltl. 20 Lt

s

T = 430
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MARME
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REVISION DATE

[y

2~ BAYONETS
| = U-TUBES

] - BLockK VALVE

LENGTHS

SUPPLY TuBk

]
ip g F

Cove (INCLUDES ELBOWS, INTEA wm) /480

N o Py @
AL MES

RETURN TUBE

FER To PAGE 55 FOR DETAILS OF THIS U-TUBE)

(SINGLE PHASE )

e

(Two PHASE ) FROM PG, 45

JO PHASE )
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BUBJECT A B
SUMMARIZEE PIPING SYSTEM FROM TOP OF S
DETECTOR Tp HELIUM REFR i%;/?@

- BLOCK. VALVES ( THERE ARE PROBABLY ONLY 4-.)
J6 ~ GO° SHORT RADIUS ELBOWS
| = TEE BRANCH
4 — BAYONETS
7 - TUBES (7 ELBOWS FOB EACH U-TUBE ARE |NCLUDED ABOVE,
| = CONTROL VALVE (IF LODCATED DOWNSTREAM OF SUBCOOLER)

PIPE LENGTH ;

OVER To UTILITY SHAFT Jl0
UP uTIeTy SHAFT /50 1
FRom 4 TILTy SHAFT Jo LHe JTORAGE DEWAR [ FO0 Ft

/Ai
.
o

Kl
i

U TUBES (Jo L+ FACH Fop ELEVATION CHANGE
HORITONTAL LENGTH 1S INCLUDED gg\g
AROVE gim&;mgawé@ggu}
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REVIBION DATE

/G40

TO He
STorAGE To REER
DEWAR lomp

TO REFR
& COMPR

cTWO  PHASE He
) RETURMN

powee |

LERDS R

FRomM
REFR

SINGLE PHASE |
He. SuppLy

0o
X

VAN

He RETURN) CAN

BE USED TO SUB ~
ool THE SINGLE
PHASE He SuppPLy .
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PAGE

YA

BUBJECT N AME

PRESSURE TROP AND HEAT LOAD FOR THE A S

Varry.

SUpPLY LINE FROM THED HELuM REFR. TD THE DATE REVIBION DATE

TOP OF THE TETECTOR,
SFER.

TRY "4 scH tos pipeE = ol=1.0a7"

SWPPLY LINE PRESSURE DROP AraD HEAT LOAD WP TO FLOW
FLOW (&3 THE SUPPLY LINE 185 JiINGLE PHASE LIQWID.
REFER. To NBS TECHNICAL NOTE 62 ~R.P. MCCARTY Fur
ASSUME REFRIGERATDR. OUTPUT 1S 4.35 K.

ASsSume THE HIGH PRESSURE HELIUM STREAM 15 SUBCOOLED
To WITHIN 0.05 K 0F THE 435 IS, WHICH 15 4.4 K,

/»%%% = M?B[gi@ j/;? S @ A ﬁ%/zﬁ&ém )
;@ AT g e = fgfém W
- ?ﬁﬂ 1 4.32 j;f@g 2 Bt Sl
M{/&:T&Qﬁ’@g&%%{% THE T’”’Qﬁw RATE ""i\ug@;gmg A CHARGE /’fﬁl&@%ﬂ”

 SATURATED 4T 4.4 K.

AT 70 W IN §1L0. USE 00 W.
ASSUME RETURN LINE HEAT LOAD = 100 W

TOTAL COOLING DUTY |§ /100 + 220 +100 = 42.0 W

TO THE LHe STORAGE DEWAL DUE To THE 420 W LOAD.

522703

A= a,004 P AT 4 ATM Psat= |74 ATM = 77,7 ;S‘“’Fszéé@f

STEARY STATE HEAT LOAD AT THE DETECTOR. )5 £5TIMATED
HEAT LIAL LUeE To CHARGING 1S 220 (W, (Se€ =NGR N

/1
LeEADd FLOW 1S 28 L/hr FoR. A 10KA PAIR. USE 35 - f‘/éw

ASSUME 259, oF THE LHe Flow VAPORIZES AS IT RETURNS

CONTROL
VALVE

PROP-
ERTIES,
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BUBIECT KHAME

A §

DATE REYVISION DATE

1/ 46

BASE THE CALCULATION ON A LHe FLOW OF |00 é%,/5,

1009, z.2046 Lhw o 3600 8 . 754 45%@@

mméﬁ ' ‘@W “@

CALCILATE EQ UIWALENT LEN GTH oF SUpPPLY LINE —
LINE 1S [P ScH 0SS . A= 1og7”

o= 3l_W  per 2 L EQN 3-3
A

6.31 (794 LénShe ) — 114w
(f&@@"‘h&,}(@»@@%g{g}

3
i

5 f= 0.023

MINORL m%%ﬁ

4 - BLOCK VALNES , (NI GLOBE VALVE Cu = 14

REF 1 ,EQN 3-i4

. L M » W‘éﬁ: 5 7. 41 f%%%ié = |3, 6? ?“} vy
T GO TS Lbm Ead \

APrer ypve = Qm LAY 7.8 = plyl psi
Es oL &
AP For 4 vawes = 4 (0,11) = 0. 44 psi

1= 900 SHIRT RADIMS ELBOWS  Kseyy 49 = L20fy = ,,@{’@ 9z%3)

jf<§@,§;€ ® = ngﬁm d}mm@ . @@%FJZ}} can 2-5
S o 5@&@@ o

B

= 0406
I

= 0. % ,, o

[ 4 x 0§85 =
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BUBIECT NAME

DATE REVISION DATE

W/g/q0

7 “Tee BRANCHES Kserdo = 2z (b0)fy = 120 (0. 023)=2.76

Ksew 1o = 2.76 mm\ = 3.3
[ - CHECK, VALVE
ASSume Furl PoORT , LIFT TYPE

Ksendo = 6OO fy =600 (0.023)% /3.5

Kseww = 13.8 1097 N = /6.5
e 2 )

o e
Minipaupn  PIPE ‘sf&f“ai,;i:}@g‘?”}f FoR  FuLL >g§<’ LAFT = /%am@ \M*?E

f««»«n\wmwm-dmmmw‘»

= 4o () [ " = /4.8 fps

« o
P 7 7 :fs»

4~ BAYONETLS
AP = O

| = SuBCooUIMNG  Coilk.
7 - 9p° SUORT RADIUS ELBOWS  Kscujo= 2 (0.55) =11

;= CWwSE PATTERN RETURMN BEANDS Kscw ¢o = S0L£7 = SO(0023)

K osew jp = 1018 Z?KH) = )&
&i@4%

z= Ll + 1.4 = .5

SRS,

C@M“@“&@ L »f;%m}ﬁ
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BUBIECT Nﬂfﬁ?
-
R
@A%/ ‘?@ REVIZION DATE

é?ifi@“ﬁ”?em?”ﬁ‘ﬁ J+ 2.5 = 13,5

Ko fL 5 Ly = KD - /3.5 (1097,/72) _ 54 (F
- |

0. 0732

4 Ly A, AP

Troo 5. 7S lim ©0.00 656 f4F
4.5 fps
EQUIVALENT LENGTH = Le = 430 + 54 = 484 -+
AP From HELIUM REFRIGERATDR TO TOP OF DETECTOR = AP
APe-fle v s AP =2:0%3 2 (484 $6) (4.5) Whee™ (7.5 Lig/ FiB)
D e (y 091/1L) #% () (%z 7 fer) 144 R/
+ 0. 44 = 2.44 psi

- FROM PAGE M ‘
ELEVATION HEAD = /50 £4 4 (, %jfﬁg) ;é B L 7.6 P
§

N/éﬂm

M

FLow VELociTY =

(4 ) , W/Aﬁ’f? Tt

[ ¢ 4"

= 0.0

im@m PAGE |5
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BUBJIECT

NAM@; W

”/@f@@

CALCULATE FRICTIONAL HEAT LOAD
Qe = .S QAP = /5 (/132 gpm J(7.44 f'i’z/)
= 50 @f@/gf

CALCULATE LINE HEAT LEAK , &y

4- BLOCK. VALVES ) CVIL GLOBE \J4LVE

£.5 Bta hv FoR EACH VALVE
£ x 4.5 = /8 Btihr

4 96° ELBOWS

L o, 14 (5 ) = 70 ft  REF ! LINDE TABLE NO. | (4PP)

s oy R e ey e g s L e O e e g p 4 , : o e
Leg = 2(7.4) = /54t REF ! tinNJDE TABLE NO. [ (APP)

o
| - ConTEOL VALVE | CVvI &GlLoBE VALVE
4.5 Bt
4 Bl

B

2- U-TUBES

25 [ror LNE pLusS 2 ELBowWS . THE 7 ELBowS ARE
/INCLUDED ABOVE . THE 285875 ALREADY INCLUDED IN THE
/6 Bta/Ar FoR EACH BAYONET , CRYOLAB PATA

(CUI CALCULATED HEAT LEAK_ IS (0. Btw/hr)

4Xxlb = b4

10~ FIELD JOINTS , ASSUME | JoinT BVERY 40 i
390 f % | W@/NT”/@»@;{»{“ =10 TOINTS

REVISION DATE |
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BUBIE

AN
i

DATE REVISION DATE

115/ 40

ZAUIVALENT LENGTH = 430 + 70 +15 + 200 = 7/5
HEAT LOAD FROM REFRIGERATOR. TO TOP OF DETECTOR=(ls
Q¢ = TI5 £, 05 Bim @ffw<§“’c3+ /g«ﬂm&ywmﬁ Bt
hr-Af¢ hr
- 357,58 +50 + 865 = %L‘?’@f%% = |45 W
r R

P .

CALCUATE Lo SATURATIDN CONDITIONS AT END OF SUPPLY

LINE]
THE LHe 1S SUBCOOLED .

£ W?Mﬁ@m?‘? INCREASE = |45 J - g = [ 45 :J;/
: s 100g 9
I TIAL B THALRY = /0. 66 3/@ (P& 10)
ENTHALPY AT ToP OF DETECTODR = /0.6l + [ 45 = 12.1] @%

AT THIS ENTHALPY THE SATURATION CoNDITIONS ARE!

y | oy g = ey P,
/’Mﬁg “/Zﬁ é@* [ / {%? s ;J %”’?ﬂ /g,ifw ?? .0 ”‘?/f}”% WP % />§gif

Fa

?@“"’"}j{v - o b j g i) Wfﬂ l/!;‘; vkwﬂ e 9?‘¢ ?&ﬁ éﬂé"}fﬁ/ 7‘“ 3

%c«

CALCALATE LMo PRESSURE AT END OF SUPPL) L :

UsSE RERMNOULLY g‘; EQUATIO Ry WITH Lo SSES -

Ly . . L
Pv+ V& p 2y, = Put Vot 2 +L0SSES
?ﬁw§ ?;ﬁ
SUBSCRIPT /% LHe STprAGE DEWATR
SUBSCRIPT 7.2 END OF SUPPL)Y LINE
I3 Psi4a+ 0+ 0 = P «%ﬁm@m%p psi = 7o pst + 24t psa
A FROM PAGE 13
L= 2. 44«%@ PS 1A

gW Wﬁm@u&m uu@&,&w

%ﬁ ﬁ“’ﬁﬁ

| é"uﬁ@@@@ v




: WWM%M @ @g

522703

FERMILAB BRCETION SROIBCT SERIAL -CATECORY PAGBE
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BURJECT

TDATE
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REVISION DATE

SUBCoOLER, ON TOP oF THE DETECTOR

FPART OF THE LHe FLOWING DOWN THE SUPPLY LINE WILL
BE  DIRECTED 70O THE PoOC BOILING SUBCOOLER, 70
SUBCoOL THE [LHe FLow TO THE SOoCercIib 5raD T

REMOVE SUBCOOLER HEAT LEAK.,
ER. HEAT LEAK= 15 W

§

FROM,

O
R

TD
EFR

REFR

SUBCOOLER OPERATING CoNDITIONS !

GHe.
g,

THIS 15 THE ESTIMATED
HERT LOAD FOR A PumMp
DEWAR CALCULATED /N

TO
SOLENOID

RSB TAIOS

To PWR,

LEADS

ASSUME AN OPERATING T
OF 4.35 K

EMPERATURE
CTHIS 1S THE SAME A5
THE REFRIGERATOR, oUTPUT.

Psar = (173 ATM = /65 psla = |.§ psig
Pqsar=0-01909 9 fec. = . T iwém/wf«ﬁ

PRESSURE DUE To ELEVATION CHANGE = 150

e

LS psT  MAXIMUM
ASSUME COMPRESSOR SUCTION PRESSURE S 0.7 paiq .
ALLOWIABLE FRICTIONAL AP FROM SUBCOOLER, TO0 COMPRESIOR. |
1086 -2 -0, 2= 0.35 pﬁzﬁ (LooKSs SMALL AT THIS STAGE )

ASSUME THE HIGH PRESSURE HELIUM STREAM

[

I3 SUBCOOLED TD
OF THE. 4 35 @P%&&WN@ TEM fﬂ‘%, WHICH |S. f. %fis K-

@@ /@iyéﬂ @§ Tﬁ@

‘ ﬁb’@%@ @f’f THE 5&@@@@
URE " & SUPPLY. TEMP TD THE SD
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SUBJIECT MAME

A S

DATE REVISION DATE

/o /90

REFERRING TO THE SKETCH oN THE PREVIOUS FAGE !
/'”h; - VV;Z %ﬁ@"} 3

™,

= hi-Rur _ (12.01-1037) 7

RS S Sie

“’%{gﬁ f{%é?

FLASH FRAC,

ENERG) BALANCE EQUATION
@;m ﬁ;gj = My Af + SUBCDOLER HEAT LEAK = &

M3 T Mmoo
Fo (m, ~m fz,) Aﬂ%@ = m uf&ﬂ?i% +Gls
178997~ 17.89971 m? = .45 v Yy

e

fi? [ ?w (i{? / i‘ii; ?@&‘ﬂ% 2
o En =
o Mg = B0 -1 7=839/5

FLOW TO THE SOLENOID = 1.7~ 2= 40.54/S

“?@*Sﬂﬁi e C00F A8 BN -l w 7451984 -
&

e S BT e =

M @gfiz,@g/ T po0odee 283U R ﬂ@g

e S &l B R e G
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ENGINEERING NOTE | 2.5 | SdC Y

PRESSURE DROP AND HEAT LoaD FoR THE RETURN “%}5
LINE FROM THE ToP of THE DETECTOR TO THE &aﬁf REVIBION DAVE
HELIUM REFRIGERATOR. Vie ja0

522703

RETURN LINE PRESSURE DROP AND HEAT LOAD WP To CHIMNEY

EXiT . TRY 2"$ SCH /05 PIPE —» ol = Z2,157"
FLow (N THE RETURM LINE [S Two PHASE.

AS RSSUMED aom PAGE 1o, REFRIGERATOR oUTPUT 1S 4.35 K,

LHe IN THE STORAGE DEWAR, IS AT REFRIGERATOR. OUTPUT

CONDTIONS ¢ 438K ANnD /6.5 Psi4 (1.8 PSIG) .

TWO PHASE HELIUM RETURNING FRoM THE COIL. RETURNS T0O
THE LHe STORAGE TEWAE .

FROM PAGE 17 , 90.5 9/s FLOWS THROUGH THE Coll AND
RETURNS To THE LHe SToRAGE DEWAR.

ESTIMATE QUAULTY OF RETURN FLOW AT LHe SToR4GE DEWIAR

FIRST CALCULATE RETURN-LINE HEAT LEAK. AND
ESTIMATE THE FRICTIONAL HEAT LOAD, CALCULATE
THE RETURN FLOW GUUALITY AND FLow REGIME AT
THE LHe DEWAR AND THEN T0O THE PRESSUEE "hRoP
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NGINEERING NOTE | 2.5 | sDC x4

M%%EW 5

DATE REVISION DATE

/10

CALCULATE RETURN LINE HEAT LEAK | @4
5- BLOCK VALVES , CVI GLOBE VALVE
16 Btu/hr FOR EACH VALVE
5xi6 = 80 Btu/hr

6~ F0°
Leq = (6 B8fc)= 61 £t REF | LINDE TABLE MO 1 (APF)

Z;@@ = 6 ft REF'LINDE TABLE NO. | (A PP)

e PO———————.

CH

|4~ BAYONETS
37 Bta/hr FOR EACH BAYONET , CRYOLAE DATA
4 x37= 148 Blu/hr

25 {1t oF LUNE pLUS L ELBOWS For EACH U-TUBE., THE
ELBOWS ARE INCLUDED ABOVE, THE PIPE LENGTH IS
INCLUDED N THE LINE LENGTH.

« | /- CoNTROL. VAWE | CVI GLOBE VALVE

+.5 Bty r (77 vAaL %/éﬁf}

S AP O GO

S fﬁizmm mmﬁmﬁ , f@«ﬁg@gﬁm I JOINT mm}& 40 £t

= 649 £t

522703
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FERMILAR BECTION PROJRECT SERIAL -CATEGORY | PAGE

“NGINEERING NOTE | 2.5 | SDC w/

BUBIECT /4;Wm§

DATE REVISION RATE

Wi /g0

LB

RETURN LINE HEAT LEAK , Qg

Cly = 649 £+, 0. 83 [Bix + (@@%&/4’55 %4,@ gm//}jg“
he €

= S3F6T4 232. 5 = T747 £

ASSUME THE FRICTIONAL PRESSURE DROP IS 1S Psi
FROM THE SUPPLY CONTROL VALVE THROUGH THE SOLEMOID T0
THE LHe STORAGE DEWAR.

5" = 2726 w

CALCULATE FRICTIONAL HEAT LOAD

=/, § ’ = /, Z (/.5 ) \\,, = 2 DG
Qf=1SQAP =/.5 (12 9pm ) (L5pst ) 27 O

o RETURN LINE HEAT LOAD = 77117+ 27 = 79811 Bta A
= 235 W

THE ToTAL COOUNG DUTY FROM THE CONTROL VALVE,
THROUGH THE SOLENOID TO THE Lie STORAGE DEWAR IS :

235 W e RETURNI LINE HEAT LOAD

(00 W = SOLENOID AND CMM/W%”/H{ /3«“7 LOADS { pace

2720 W <%&§2%@zm@ HEAT LOAD oJ

—— BREAEDOWN

. SoLENOID Z0 W

Vo5 W CHIMNEY 10,7 W
) MISE  ~F0 W

CALCULATE MIXTURE EnN THALPY AND QUALITY — 0 7

AR = 55 i -

A LY /g}%@?@ﬁ’ﬁ @mg%

Ag = MIXTURE ENTHALPY AT LHe STORAGE @5@%

i&{&e - fﬁ éé %M;m 5 = /@ ?% xyg

@33
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FERMILAR FECTION PROJECT [ERIAL « CATESGORY @%7

ENGINEERING NOTE | %S | SDC

2 SCH IO FLow) AREA= 0,02538 F

| IR,

g@//% = @35@//9 4= 0,680

FoLLow RE

F 2 FOR PRESSURE DROP CALLU
TETERMINE FLOW REGIME - REFE 7. PG 514

ENTERS THE ~Ha

ATED AT 4.35 K. ASIT

PROPERTIES OF SATURATED HELIUM AT 435 Kt

p = 001909 g/cc = 12 Lbm/ft> V57 0.84 £t/ L

pe = OuTAgfcc = T.64 Aém/ﬁ@g@ VE= 0,13 f1°/Lbm

/Mg : 30.04-1037 = 19,671 J/9 = 8,46 B /L b

My = 0.0031 ¢p FPoar =1.123 4TM

= 16,5 psia
A=/ Pg  Pe N /L Zmﬁ%i%\} = /4 .
<@952‘?@§W’ 643 (ﬁ”{}

7
7S 2.3/
= g/ R <W{mﬁ ) g = A3 g/ L0073 ?( 2L )
ko

/,
gﬁ@%é

'\%@\:\
%N‘

/}@ @gf gf /!7 {*ﬁ iém/

Lo

ﬁ} - @ﬁ:ﬁ S ﬁf b9 jé\@fﬁéﬁ; EY .20 %{@ é{?jfjﬂ; = T/ ‘ff Lbw /

mue

14 [b (/-0.33 3 ¢
- 719 m/@g (/ } - 780 wé;éfv\:‘i
Flow AREA 0.015%8 % |

__ryab _ T7/9.(0.33)
T Flow AREA D.0Le3%

i e - :
' 1
. i " e i

REVISION DATE
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FERMILABR BECTION PROIECT SERIAL -CATEGORY | PAGE

ENGINEERING NOTE 2.5 SHC (X7
BUBJIECT e 5
e /40

PRESSURE DROP FOR HELIUM IN THE BURBLE FlLiw REGIME

CAN BE CALCULATED WITH THE | HOMOG ENE OLIS MODEL
REF 2 ,PG S/6.

THE RETURN LINE MUusT BE DIVIDED INTO THREE fg@“mm\ﬁg
FOR. THE AP CALCULATION : SURFACE FPiP/ING , VERTICAL
UTILITY SHAFET PIPING AND PIPING AT THE Z:mﬁész’w%a

SURFACE PIPING

FITTINGS

3- BLOCK NVALVES

g - 90° ELBOWS

7. - BAYONETS

| = U-TUBE (THE 7 ELBPWS FOR THE U-TURE ARE |NCLDED

ABovVE }

FlPE LEWGTH @ 40 4t + g H 150 -+

% !%@%@”

CALCULATE [NE HEAT LEAK — REFER To PAGE (9 FOR DETAILS.
3- BLOCK VALNES |, 2x /6 = 48 Btafhr

7~ 70°ELBOWS , Leg= 9 X 5.8 Mt = 34 fE

2- BAYONETS , 2 X 37 = 74 Btajhr

3 - FIELD JOUNTS mi:ﬁ 3x/852 =456 7%’*"‘

EQUIVALENT LENGTH =150 £34.L + 4516 = 230 af‘ifm

HEAT LEAK_FOR THIS SECTION = 2304

= 312.9 %;K = 917 M
v |
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FERMILAB BECTION PROJECT BSERIAL - CATEQRORY PAGE
et

“NGINEERING NOTE | %5 SD C e/

BUBSECT

MAME

s
Wis/90

REVIGION DATE

CALCULATE THE FRICTIONAL & EQUINALENT LENGTH =
THE LINE IS 2"¢p ScH 105, =257 "

= 6.3 1 W REF 1 , EQN 33
(;é w

= 631 (719) .
7457 (0.0031)

MINOR_ LoSSES

ga wrecg
6.8 x10° = | z0.0L

3 - BLOCK VALVES , CVI GLOBE VYALVE Cu = 60
CONVERT THE Cw TO A RESISTANCE CTPEFFICIENT.
K= 891 Jﬁ% REF 1. &N F—1b

S B S /

/I

L Yo

= B9 (2.57) . . o
K= 831 I = 54 R EACH UALVE

)

4 - 707 ELBOWS

Kscy ag = 2.0 fgz 2.0 (@ Ol %) = 0.38

z,

G
RO R SIS

f%é‘fﬁmé’j@ = Msewy 40 f gfé&fw M}\ff REF 1, EQnN 2 5
A scudo

- 0.38 (2451 = 0,245 ror s4cH ELBow
=

Ix 085 = 4085 FoR 9 ELBOWS
Z BAyoners AP= 0O
s K= bt +4.05 = 20,15,

Y gigi = 20.25 (2u57/re)tt — g2 ft

0,0
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NEERING NOTE 2.5 sDhC

FPERMILABG GEETTOR PROJECT BERIAL - CATRGORY PAGE

7

BUBJECT NAME

IV Y,
e a7y

YD,

DATE REVISION DATE

EQUIVALENT LENGTH = Lte= 130 +152= 32 ft

1S TWL PHASE.

1 RET, CALLALATE  THE FRICTIONAL FPRESSURE TEOP ) 4@@5 5
USING TIE EXIT MIXTURE SPECIFIC VOLUME,

SUBSCRIPT 2. TO THE EXITT,

X, 2 0.35 FRoM PAGE 20

’,;éj} Wx Y Wﬁ’ﬁ;w = (e Z Zwé gy
W ZL008 sec.

A b To0s 002538 fT -

RS AR,

sec -l LAy
CALCULATE AP BASED oN ExiT CondITIONS

A\ = m Y = 7,977 I b v (0,37 :é e 4
e 031 g fo

THIS 1S AN TTERATVIE CALCULATION BECAHSE THE Flow

SUBSCRIPT | REFERS To THE INLET TO THE ZgCTION OF LINE

APg = %ﬁﬁ@) Vi _ 0.0 (34T /787"
V5 e (T

| = = 0,09 /:35{

25322@




BECTION PROIECT BERIAL - CATRGORY PAGE

i5/

FERMILAB

ENGINEERING NOTE 2.5 SDhC

NAME %M g

DATE REVIBION DATE

nWjisjgo

by _ (12.99-1037T )7 - 54 I BetweeN
) of 1 - ot D ;“mmaw T e @; 95/@
- gL~ 1123 ATM GrATM 435 & F 7

L AR o
14,696 Lbi

E%&, —L
WL&§

ESTIMATE THE (aJLET a@m NATY X,y ASSUMING  THE
MpmMeErsTiUM PRESESURLE TEOP gjﬁm , 1S NEGLIG/BLE .

= 0.0017

| WY g L N Y
@fi sz A P«{: e A g@m - ( X2 %\Qgﬁ o X f %{ﬁ ) ) + “Zﬁ%(: o+ ‘?@ <E» 2.7 Z g> - %g

FoR A HORIROAITAL LINE WITH NEGLIGIBLE APy | THIS EQUATION
REKUCES To

. o ) . Y
AP - @““@a%%@%xe%@w - &/

THE (NMLET CONDITIONS ARE NOT KNOWM AT THIS PomvT.
ASSUME Asq, + Afy, AND SOLVE FOR X,

APg = Rgq. (X2-X) - Q/m

é\éﬁ“ h / d ?/y SKT

522703




BECTION PROJIECT SERIAL -CATEGGRY | PAGE

2,5 | SDC 26/

BUBIECT P AS
/?*MNS

DATE REVIBION DATE

"/13/40

JVa=my = 1.810.37)= 2.9 fps
- ﬁ« . . B .

522703

NOW , SOLVE FOR X\ WiTH Agq, # htq, Foro A HoRiZo
LINE W TH NEGLIGIBLE & Pm

dh ) . -
@?/5&7’41? T @fm - K’L’@{ji“%é%»fﬁa

X, = Xy %wﬁ-ﬁh . ,QI%SATQPW

ASSUME AP =0.1 Psi = | 4.4 bt /it

THEN | Fu = 1123 ATM + O /14696 = [, |3 ATM
Tsar® #.357 K
P5, = 0 12TL G/ = 7,63 Lbmy/pt> D VE7 013 §tYlbwm
f} 5 A.01927 ﬁ/ﬁé@ = L Lbmy jﬁ%‘iﬁw& Vg ™ 0.8334 %ﬁé
Agy = 1L g = 2 k4 BTyl

13

X, = 0,278
V= VR X (Ve TVE,) 003 + 0218 (0.833-0.03) =033

Vim = U VL L 0334031 C 0,35 £43 Jiun,
T ) |

Vi = mogn, = 7T




SECTION PROJSECT BERIAL - CATEGORY | PAGE

FERMILAB

ENGINEERING NOTE | 2'S | S0C 04

N&NE

BUBJIECT

REVISION DATE

APy = Jlo m) T - 0.02(312).44
DA/ Z5c T (ST e

= 1.7 Ly/ft™= 0.081pSt

Afm =m VaoVy . 787 6m (2.4-
A ge ze-f1°
X@s@?iﬁéﬂéﬁ/ﬁ% S @a go0s ﬁ%‘gg

AP= APg +APm = 0,081 + 0.0005 = 0.08Lpsi = THE ASUMEL
T Vf/é}&@f E © F“v

D

FROM PAGE 2.5

e

Fo K Zq =2y | ” gk

‘6.3 ; , gt e
(033 %846 ~0.278%5,44) i@ﬁ; XN
2.32.2) &MM R

p;éw@"% ST

Ner

AP=|

/ N
f o I /o 7 2. “
/ (é’/ C 007 /ﬂxu j g |

AP = B LbE =006 psi = 0,082 psi ok
S PRESSURE ATTOP OF THE VERTICAL SECTION 0F RETURN LINE
ING THE UTHLT }f SHAFT = LHe STORAGE DEWAR PRESSURE

vﬁawég%:&@

fé?% ,

522703




BECTION PROJECT BERIAL - CATEGORY PABE

2. 1 SDC 25/

MAME

A D

BA
"3/ 90

REVIGION GATE

NERTICAL UTILITY SHAFT

FITTINGS ¢ NoONE
PIPE LEwaTH ¢ 150 f+
CULATE LINE HEAT LEAK. -
» ELD JomTSs z@@f:; 4 915 L= 00,8 S
EQUIVALENT LENGTH = /5D +60.§ = 211 f¢
Bl =75 Btx

HEAT LEAK. FOR THIS SECTIoN = 2 1] I+ » 0.83 B
éﬂf @’?” 5‘\;?"

= 5L3W

PIPE LENGTH FOR @F cA @&w;@?‘g ON = |50

AS IN THE PREVIOUS CALCULATION FOR THE SECTION OF
SUR mx’@ PIPING , SURSCRIPT / REFERS 70 THE INLET To THE
SECTION OF LINE AND SUBSCRIFPT 7. To THE EXIT.

X2z =0.27T8B FRom PAGE 26
FLUID PROPERTIES AT THE EXIT ARE 4LS50 oN BAGE 26

SOLVE THE GEMNERAL- AP EQUATION oN PAGE 25 FOR
X; FOR VERTICAL PIPING WITH NEGLIGIBLE A Pm.

;fjfié\
xhtyn g, = (3p oar 4

522703




522703

FERMILAB BECTION PROJECT SERIAL -CATRBORY | PABE

NGINEERING NOTE | 2.5 SHe /4

BUBSECT NAME

ATV 5

"Hharse

ESTIMATE THE SATURATION CONDITIONS AT THE CHIMNEY
EX1T TO SEE IF Two PHASE FLOW EXISTS ALONG THE ENTIRE
(;;2( = 1004+ 220 = 3«2@ W LENGTH oF THE RETURN [LINE

o

A
ey . = BLO J i 2, W% vy
SOLENOID %w ?ﬁ//g o /§

A sorenois gwiT = 0.6k % + 3,54 % = /4,72 Tj
WTH Aon = [T T Psar = 1 7S 4rm = 2571 psia
AT ‘ 4 ) "oAT - - i
= // PSig
Tsar=F 875 K
USING Vim= 0.3 13 /Lbm , THE FRESSURIE AT THE

INLET Ty THE fig‘m&m g ;ME‘" ﬁmm THE CHIMNEY EXIT 15
ABOWT 7/

Pevimney =1 PRESSURE AT Tu P OF
EXIT L VERTICAL UTILATY SHAFT

mg SRESSURE DUE TO ]
s
B!

[ELEVATION CHANGE

P
| Y- m«mw-ﬁj
-

= [ 113 AT 140640 ?W /50 45 Lé;% .
B W&M j : 3 4 gf / 4;4“ %féx -
\\ R “m\f et m\\___W_MWMWWW,% g e )

~ S

)
E v
Fhé = % 4 5@32

= 20.1 pS X7y
SINCE 20.1 psia. < Fsap=125.71 fm/@ TWO PHASE fﬁ%@@@ﬁ

EYISTS IR Tﬁ“ € M ?5&& [{»@”‘T%&f\} {0 INE 4mm 7. 7%’5 %iMﬁj%}/
ReTUEN LINE ,

o)
DATE REVISION DATE
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FERMILAD BECTION PROJECT BERIAL -CATEGORY | PAGE

2.5 f;sim 7

BUBJSECT

NMM&

@&TE

/13440

DIFFERENCE
THE PREISURENDUE TO THE IS0+ ELVEVATION CHANGE

1S ABoUT 3.5 PSI AS CALCULATED o THE PR.EVIOUS
FaGE,

ASSUME AP = 0,035 /Oﬁim 5 Lbg /ft*

THEN ¢ AR = 3,5+0.035= 3.535 psi > 509.04 Lhe/ft ™
Pi = 1bib psia +3.5357= 2035psia.= [.37 ATM
pp = 0T gfee = 73 Lém/td v = 0037 £13/ Lo
P9 = 0.024 afcc = 1.5 Lhm/ £ 5V 2 0.6T 1Y/ Lim
f/gi‘g‘ﬁ 5 17.893/q = 767 f%ﬁém
TsaT® %ﬁﬁ K.

FRom PAGE 26 (1 X=0.278 A 475,44 Blu/Lbm
THE XIT o

: - . &9 @ . 7/ g = ({(:j I m, o fiq,w'? By
ConjDiTean.s 4RE ¢ - ks 3 /

4 iy f o A A V4 < PN ety § o S gy “FD e 6§ Sy B E A T .
SOLNE FOR X, WISING THE SCQUA Tiond &N P4G6E 28

K, = 0 278 (8.44) z,g - 00012 Bl -41F, 509,04 Lbf
- bim— L % st

- B32.7 ﬁ . ﬁm - g@@ [; o ix,
ST I%rL *"%%’Léﬁ;ﬁ 120 ?%g /g? Wb bbb

) |
! % ?M&WE///M

0.2.39 (THIS SHOULD HAVE BEEN 0.219)
THEN V7 = Vg, + Xy (Ve - VE 1) =013 M@ 239 (0:67-0.137)

s

i

Vinm =V, 4V = Q264 + 0,33 o 0.3 %i‘?’/%wm
7. -

REVIBION DATE




PROJECT SERIAL - CATEGORY | PAGE

FERMILAB srenon N 3/
NGINEERING NOTE 25 SDbe /
BUBIEGT Ry 3
AArn_
RBATE REVISION DATE

W13 /g0

1

AFr = ng MmN U,

D NAJ Zge
= 0.02 U504 959" et (\ﬁ’g%ﬁ} Lo S

151/ 10 £¢ Sect 1 ‘%/) brnf (21(32.2) Ft L

= 4.8 Lbf/f+7 = 0.034 ps)
“vozed £ - 2 fﬁg
PR JW

&

\j! B \ixig ’“V(;W = 7“ g
A

Lot 2,601\ bt seceLif
oe di ( JGe 2.0 Ftom

W$

oo PRESSURE AT FOTTOM OF THE VERTICAL SECTION OF
RETURN LINE IN THE UTILITY SHAFT = PRESSURE 4T
THE ToP OF THE YVERTICAL SECTIoN + 4P,

P = 20.13% psia = (.37 ATM  FROM THE PREVIOUS

| PAGE

522703




SECTION PROSSECT BERIAL -CATRGOBRY PAGE
2.5 | SDC 32
o &
BUBIECT MAR

s
DATE REVISION DATE

W / 4«/4@

PIPING AT THe D

ETECTOR,

522703

FITTINGS |
2 -~ Block. VALVES
90° ELBOWS

/ .

7. - IBAYo METS

| ~ U-TUBE (THE
ADBOVE . )

PIPE LENGTHM

CALCULATE
7 - BLlock VALVES |
T- F0PELBOWS , Leg
) - TEE BRAWCH | Le

Lin)E

Z. b‘?/%“’“/&mﬁ&“% ) ﬁ X

;3 ' - FIELD J@W“mf L@ﬁ
F&wgvﬁ%mﬁ“‘?’ Lﬁw%?%

HEAT LEAK. FoR_THIS M@T@‘H@M

| 2o 4

HERT -E4 K.
:Z; ;:}‘{ fi éié ud
- 7 Y “;5157 j/?r:fw w20,k j{"&%

7 ELBOWS FOR THE U-TYBE ARE /NCLUDED

- REFER. T PAGE

o ft
f 74 Bl %/&‘“
IXIS 2 = 45 b LF

130 + 26/64(a +456 = 2084+

208 f+, 0. 53 [jw ¥
hr—ft

)

g

i}wﬂ

ﬁww
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FERMILARB SECTION PROIECT BERIAL ~-CATRGORY g SABE

2.5 Sho ﬁ%’f

SUBIECT HAME “S

DAYE REVISION DATE

“/ 14-/90

CALCULATE THE FRICTIONAL EQUIVALENT LENGTH -
THE LINE S 2"P SCH 105, A72.,157"

REFER To PAGE 23 FUoR DETAILS ,
=001
MINOR_ LbSSES

L, - BLOCK. VALVES ) CVI GLOBE VALVE

K= 7 (5.¢) = /58 FoR 2 VALVES
AL SHouLb HAVE BEEW

7 40° ELBOWS
K= 7x0.45= 3,15 FOR 7 LBOWS
| - TEE BRAMUCH
Ksen 4o = 60 fv = 3 (20£r) = 3(K FOR 90° €ELBOW)

f«:ﬁ;\/ 5 g; &, %@%ﬁ“) = f;% W‘

SK = )58 +308 41357203

lin = £D - 203 (1151/10)
f 0,0
EGQUIVALEWT LeMGTH = 30 7183 = = 313 dgj;fv

“@Wrwx«mm?,@%

= /834

AS I THE PREVIOUS CALLULATION FOE THE OTHER TWD

NSECTIONS OF THE RETURN LINE, SUBSCRIPT | REFERS  TO

“THE NLET 7D THE SECTION @?ﬁﬁ LANE %W@ SUBSCRIPT 2. TO
THE BOUT

- X1, = @239 FROM PAGE. 5@
F”‘ ms@ P@@P@&W




BECTION PROJEST BERIAL - CATRERBRY @A@@

ENGINEERING NOTE | 25 | SDC il

MNAME

BUBJIECT /W>

REVISION DATE

mm*‘%/// ¢/¢?é

ASSume Ap=0.07 psr = |0.08 She T

THEN | Py = 200135 psia + 0,07 psi = 20.205 psia = [, 37SAM
pp =OME8 q/ce =73 Lom/f1? > V=037 £t/Lbm
M “0.024g/pc = LY Lwém/asf?“& = Vq =067 Lbm/ 13
M@w 1785974 = 7.68 ﬁm//zeém

Tsar= 4.586 K

FRom TAGES =0 m};;gi />/) - §4z3€;§

THE &XIT .
LONDITIONS ARE @ X = 0.264 $t3/Lbm

SOLVE FoRr. X, UsinG THE EQUATION ON PAGE

P

' ) ! JO w«m sz } o
L. ‘ w%zm

~-2778.6 @%ﬁé Al
b W@é@ﬂ/’?ég %5@@7{&@%

158
THEN) V) = W, + %) (E%g _ y;f ) =043 T+0.,188 (ﬁ@!ﬁf? =@l EE,}
= 0,237 Ft3/Lbm

Tom = VitV = 9131 £0.264 = 0. 25] LY Lbem
2, pA

522703
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FERMILAB SECTION PROIBET BERIAL - CATRGRORY g%@
B 9 2 B
ERING NOTE i

BUBJECT

DATE REVISION DATE

= 0,03 Lbs/fA™ = 0.000T pSi

AP = A PL FAPM = 0.05B +0.000% = 09,0582 psi = THE

A 4 F% g 3 o G0 D - pommy N I e -
ASSUMED VALUE JOF 0,07 pob Q-

e PRESSURE AT THE INLET OF THE RETURA) LINE =
PRESS ga@éﬂ AT THE EXIT OF THE <HIMMNEY
RETURN LINIE = 20,205 psiaz [.375 ATM FROM
THE PREVIOUS PAGE.

_ 5 e eed
- b e s SR




$22703

FERMILAB

ERING NOTE

SECTION

7
oo B e

PROJECT BERIAL -CATEGORY FPABE

Y

BUBIECT

SDC

Y14/90

3 AN
DATE REVISION DATE

PRESSURE DRoOP AND HEAT LOAD SUMMARY FOR THE RETURN

LINE

SECTIAN .aF
RETURN LINE

AP

FRIETION — MOMENTUM ELEVATION
(PSI) ¢ Psi) (Ps1)

VERTICAL
DETECTDR

0,081 g, 0005 -

3/2.9

0,034 g,0009 2.5 /75
0,058 0,000 = 278. 6

0173 0,001 b 76 6.5

ROL VALVE) - A L5

AGREES W TH
TOTAL CALLULATED
o PAGE 2.0

::??g %\«




e - -
SR
H
aed
@ L
RPN N S, 4 o A e
e i i
.8 i PR SDUNIASES Wt -
@

BRECTION

PROIBCT BERIAL ~CATREGOGRY PAGE

NOTE | 2.6 | SDC 7

MAME

BUBIECT

DATE

REVISION DATE
s /@@

PRESSURE DROP AnD HEAT LOAD (N THE CHIMNEY AND
soLeENoID Coil .

INNER., DIAMETER. OF COOULNG TUBE =

FLow 4rE4 = TTAY = T /" - 0. 7854 +m = 0. 0054 £~
2 s

THE PIPING 1S DIVIDED INTJO THREE SECTIONS ~oR THE
AP CALCULATION . CHIMNEY RETURN LINE , SOLENOLD

ColL AnD CHIMNEY SUPPLY LINE.

CHIMNEY RETUR N LINE

ELEVATION CHANGE = 36 [+
HoRIZoNTAL CEMNTERCINE OF

FITTINGS ¢

FrRom TOP OF DETECTOR TO
SoLeENotDh call. -

7 - A0° SHORT RADIUS ELBOWS

CALCULATE LINE HEAT LeAK —

The CHIMNEY 15 NITROG er) SHIELDED .

ESTIMATE THE PIPE HEAT FLUX |

THE PIPE IS A 30 mm SQUARE ALUMINUM EX TRUSION .

THE OVERALL. DIMENSIONS WITH THE SUPERCONDUCTING
LEADS ATTACHED ARE 30 mum BY (320 %ﬁ%@:@%gmm
= 39, bb Wﬁﬂm

L MSE TTHE @v ﬁwj& LT

NS OF 35mmX4SmmTo.




522703%

FERMILAB

NGINEERING NOTE | 2.6 | SJC

NAM &

@ATE

”/jj/@@ REVIGION DATE |
THE PIPE SURFACE AREA PER dNﬁT LENGTH 1S

,g, {[&(?5@)% 2(45) om0 )««/M _ Olbm"

/ #m m

BSERIAL - CATRGORY PAGE

= gzgﬁ%
T

S NEAT LE, L O.35 Bma =72,27 W .
AT &&m hr o

C ggﬂmw HEAT FLUX VALUE FOR. LN
SHIELDED LHe LINE WITH O, 5 %/t
SWRFACE AREA, REF3

FROM PAGE 14~

EQUIVALENT LEMNGTH FoR THE TWO ELBOWS =1 Leg = 2 (5 {8) =10 £+

EQUIVALENT LENGTH = 40 ft + 10 ft = 50 £t

HEAT LEAK FPOR THIS SECTION = 5044 ¥ 0.3¢ B

FRICTIONAL EQUIVALENT LENGTH —

= 6.3IW _ 6.3 (719 Lém hr) /4

eSS RS

/ = 14 x10°=+F= 0,023
ey ()2 ) (0 (J@M%}

MINOR L0SSES

pe




FERMILAB BECTION PROIEET SERIAL - CATEGQRY | PAGE

ENGINEERING NOTE | 2.6 SDC e

SUBJECT

REVIGION DATE

522703

/Mm:?; ;@ﬁ.@?ﬂ%ﬁ%@?égégﬁkz?)g% = 5 /Jc?
T o,0L3%

e = 40 ff +5 4+ = 45 ft

AS (N THE CALCULATIONS FoR THE RETURMN LINE AP,
SUBSCRIPT | REFERS Tu THE |NLET To THE SECTION OF
LINE AND SUBSCRIPT 2 70 THE EXIT,

ESTIMATE THE FRESSURE DIFFERENCE DuE To THE
3L+t ELEVATION CHANGE !

ASSUME Um, = 0. 27 g@g&m WHICH 15 SOMEWOHAT LOWER
THAN THE EXT SPECIFIC. VOLUME

3b by, L o L =4 psy
R R A W |
4; d @%ﬂ aﬁw g@;« /sf'%?%’* i i

CONDITIONS ARE

tH

FROM PAGES 34 435, THE EXIT

>
®

Xa= o,
Vi = 00137 Y Lbm
Vo = 1,98 %t/see. FOR. d= 25T

A gg =768 T [lbm

“THESE COMDITIONS MYstT BE ADIJUSTED FOR THE SMALLER
E;Z/%’M g%?’”g_& ¥

Vo= 719

.y G237 AE
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ENGINEER

FERMILAB BRETION PROIECT BERIAL -CATEGORY PABE

2.6 | sDL iy

N AMIE N
AN S

DAY REVISION DATE

1 3@“%?@

USE BERMNOULLL'S EQUATION TD CALLULATE

i~ THE

THE PRESSURE
oF W}«sg’ @%?&%Mﬁmm To 2,157 ‘%wg%

1 LINE UPSTREAM

1987 L% _LbE 4"

Gt DLBTFT ) ham

{311 W@f&_ﬂj)

Py + 0.035 = 20205 +0.0016+0.017

@Mw “;;{@ r
ASSUME

THEN

Pu = 20.19 PsiA

FapstreAm = Pu = Fp & Prowns TREAMW, VELOCITY 13 THE
CoNDITION THAT CHANGES |
PromaL= /. Mfw FO4 =154 psi = 22176 Lhi/gn
Po= 2009+ /5¢ = 21.73 psia =477 4TH

AF
4

i@% = o144 fj/égfw = 7, /4 ;;ém%%fﬁ =2 ), f%i “ﬁ%%«éé%@ - U%j
!@ﬁa% @EQKZO%Z% ﬂfg@ = f@ é @"“ M@%/Af?%@% 0. é? 5 ﬁyéﬂémﬁ

ﬁgf = [13/4= 7.31 BY/lbr
T =467 K

?W@

™




R U R S T S
g2gyes ;. L oo b Pt

AB BECTION PROJECT BERIAL - CATEGORY | PAGE

AING NOTE 2.k ShcC +

NAME .

BUBJIECT

BAT REVISION DATE |

1 as’f 20
EQUATION ON P46GE 2.8

Xy o= O | b4 o | .

THEN v = Vg, F X (’ Vg~V ) =00 4+0.164(0 61-014)
| = 0,217 {17/ Lém

Vi = VidVa = 0.2 T+o.237 = 0,217 St / Lbwa

= 0,013 (45 FF) (l 37" L, g b1 M@fj} ; Lbs - ﬁj
Labaer/\ T3 3242 Jof - Lbrt

sec 474
= ﬁ“?%i éé}@/@ﬁ“ > 57 @’? _i% = /"ﬁ@/«ﬁ«%uﬁ@@@
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FERMILASB BRETIOR @%@&@i@? BERAL - CATREGORY PAGE

BUBIECT NAME
<,

5 —
DATE REVIZIONR DATE

APromaL= A Bp +dPm + OPelev

=047t 0006+ (.1 = /5l pSi = THE ASSUMED
VALUE o f

/4 PST
ok

S PRESSURE. AT THE. towER END OF THE CHIMNEY RETURN
LINE , WHITH |5 ASSUMED T BE AT THE HoR)Zon TAL
CENTERILNE oF THE SlLENOID, = PRESSURE 4T THE
TOP EAD OF THE RETURN LINE +APrmac .

= 21.773 gp sia, = [. 479 ATM AS CALCLULATED

v

o - ‘- - \

{ : : . |
o 4o I . A

i . t : i
% : Pl - 5o

i H : H

o PR S

: Y 1 .

; ! ;
e " b g R SR i
o4 e e S
- P et

fa—.




FERMILAR BEETION PROJECT SERIAL - CATEBORY | PAGE

2,4 sDC 43/

BUBSECT A

BAve REVIBION DATE

33/3@%%

=

N

CAVCULATE. COOLING Wil sauivVALENT LENGTH

FoR THE AP CALCULATION .

CoiL LENGTH = Lc

RATIO CDF LENGTH 57 SUPPORT @ymmm@@;
SURFACE AR

EAS,

CDF COOLING Colb LENGTH = Lepe

Lepwe = 150 m FRom PAGE 24) ofF THE C@fﬁ@gﬁ%ﬁ\ﬁ
REPORT

SUPPORT CYLINDER DIMENSIONS &

(3 @f‘ ShHe

T R R

RS S SO

OUTER. DIAMETER (M) 4,028

LENGTH (m) gL

Le = 150 m W ( £.0L5 m:} (8 72 ﬁ%}
g (B038m) (4905 m)

1
A
2

]

3

po4

= ), /b5 LT

522703




FERMILA BECTION PROIECT BERILL -CATREORY | PAGE

NEERING NOTE | 26 | SDC 14/

BUBJIECT . NAME
AMS
DATE REVISIONR DATE

"hi/90

| kyn = 0.38 FPR. BACH ELBOW FRUM PAGE

MINOR. LoSSES (Due To THE |80° RETURN BENDS )
ASSUME THE CO AME A4S CDF.

A= SUPPORT CYLINDER. LEN
-3 "o N EACH EVD

& = 8.1 B 302;@%4%}@ g széﬁwﬁ}

COOLING PIPE
an SoLenNetd

%33?% - | b

Le= 165 £t = 13,7804

SUPPORT CYLINDER, OUTETR, a
CIRCUM FERENCE = Cg

Cs =T 4018wy 3.281 L= 4,52 {t = 478 0

it

A’ LENGTHS = 13,980 = 49

o m R

g #H G
@f “’% /

NumBee of

SPACING BETWEEN & LEMNIGTHS = 495 /”f’f‘ff«» 2 g = )
,Z% s s R § f};//w St

42
A N ) . . T
EACH A LEWGTH HAS 2. SHoRT RADILS F0° ELBOWS.
TOTAL NUMBER, oF ELBOWS = Zx472 = 84

b= §4(0:38)= 31.97 FOR $4 ELBOWS

L= KD = m@ﬁ» K%WB =, 40010

e b0 e o
et
R . P
»
"
{,. e SR
3 : ‘
-84 e D o t ‘ e T
&8 . - i O R — ¢ - - o +
= "




FERMILAB - BEGTION PRAJBGT FERIAL ~ CATRGORY | PAGE

ERING NOTE | %76 |SDC ic4
BUBIECT N&if /}/)“S
1Y16/90

| }%S? IN THE PREV

COOLING, PIPE EQUINALEWNT LENGT. =[.e

Le w{;@@agw Lt Ly +L1 ) 10
ﬁw%& MISC LOSSES

Le = (13,980 + |, 400+ 504+ 1,000) .05
= [7,718 tn = 1,480 $t
10US CALCULATION FOR THE CHIMNE)

RETURN LINE , SUBSCRIPT | REFERS T THE INLET Tb THE
SECTION OF LINE AND SUBSCRIPT 2 TD THE EXIT.

X0 = Oilbd AND Po= 7173 PSiA FROM RAGES 1054/,
FLLLD PRUPERTIES AT THE EXIT ARE ON PAGE 40

THE Cpil. MUST BE DIVibETD (NTy TWO SECTTIO JLVAN )
THE Two PHASE SECTION A4wD THE SINGLE FH ASE SECTION,

TWO PUNSE SECTION
SOLENOIN HEAT LOAD = 204 220 = 240 W = 8L0 Btu/ hr

ASSUME THIS HEAT LOAD IS TISTRIBUTED UNIFORMLY ALoNG
THE LENGTH.OF THE CootiNg PIPE.

P, = Peaviiear = 2.245 ATM = 33 PSIA MAXIMUM
AP = 32-2173 = Il. ?;‘7;%@ = /b2T7.88 Lf/ft™

THEN f% = 0.06q644/cc = 4135 Lom/AD1: 023t

- £ = gi}? @é{?%é@%j/@@ ”“%3& @%/T«%g “b”’if%g 0,237,

7‘“ 5L |

522103




“ CALCULATE TH@: Lo THAT GIVi A ‘AP @f-f ﬁg/@mg

bagr0s

FERMILAB BECTION PROIBET SERIAL -CATEGRRY | PAGE

ENGINEERING NOTE | 2.4 | SDC W

SUBRIECT

= E‘:@@f@% (\7@33

~ 8Z0BM %Mﬁ {
dar 719 Ko :

"éf,é;,;&) (ﬂfﬁé 57}(%3 = /[, /:’%

T3 & ﬁ? AT w™ o ;@{5?“ e /@ e Ja” T
g/{@jm /?‘%é& é?@ jvéziﬁfﬂ 5 ‘géﬁﬁg&g é & « Jj (%év; 4. fé‘;éfﬁ 7 Pf?{?ég

= 0,0024 Ot ~ft™
Ly f&f

SUBSTITUTING THIS VALULE o F (@% %%;@MM INTo “THE
ABOVE EQUATION YIELDS »

AP = 24,725 Wé%% =0T pst < THE ASSUMED VALUE
‘ : aF 11,27 PSi. .o MUsT
REVISE AP AnND G AND
RECALCULATE
F%%‘@fﬂ@ﬁ%@ HEATING HAS NOT ISEEN INCLUDED (N THE PREVIOUS
TWO PHASE CALCULATIONS BECAUSE THE PRESSURE m&ggﬁ’f»y%wg
BEEN ng%uM LT Wil ggg iM@@%@gﬁ IN THLS %LM%W@M&\ -

ASSUME APz 3.5 psi= 504 Lbf /
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FERMILAB BEGRTION PRQIECT BENIAL -CATESORY | PAGE

ENGINEERING NOTE | 2.6 SDC a4

BUBIECT NAME S
BATE T TREGIGION DATE

it/ §0

THeN: P = 2113 psia +3.5 = 25.23 psia=["717ATM
F P
Pf, = 0.108L gfec= 6. Tblinfe> > VE, =0, 148 £/ Lbm

(= @ﬂg)%z/ﬁ/mw 01 Lm/ > Vg, = 0,5 fT )b
L= #85 K A = 15,83 T/
Xi=0 Win= (0, 148+ 0,217)/2=20.181F 243/ Llom
CALCULATE THE HERT LOAD FOR “THE 470 1 WUSING

THE %Siwm&wmm O LUNIEORM HEAT DISTRIBUTION Aloig
THE LENGTH oF THE Cootne PIPE MADE ON PAGE 45

‘ , 820 Btuw he - .
2 = - = 0. 6355 _Blw

Rt e sty

& £

g

£ [(13,980+ 50 4+1500) |
12

G =470 P { 0,635 Btm )= 3000 /éx
470 F 0 Vil
A r- gt

N K 3 ¢ ™ g g g ql o
Vi = fm, B Vv, = Zm{”;mmw O [§LS ;{jjyf ’\ = 0,753 j% o
\A / sec 4> “ fote

6&“‘) (4.2 —12.24 194 _ 4.2 T Bewesd

SAT {f@ 784~ ;. 45T ) AT J-ATM 465 & 44 K

ol APy 1000F - et DR
%%% @éf SMW "zf@z@@%e@p&m 41568 %“”ngmé

=~ 0.00 95 Bwm 1"

Lbf Lbm
w0 z52§£m - 7.481

=/ ﬁiffg




$22703

FERMILAB SECTION PROGIJBCT BERIAL - CATRGORY PAGRE
ENGINEERING NOTE 7.6 sSDdC 4
DATE S
: M//%f/w
RECALCULATE AP USING THE FORMULA oN TOP OF PAGE 44!
AP = { 164 (7.21) {cgyag 4,753 /
1 ﬁmj
a ‘ Z«CZT;?M‘Z;"}C“W?,/&EJ

— (86 ﬁg@@}j/@ 0013

S o £ e & Vs J— ;. . -
AP= 5098 lbg /ft™ = 3.54 psi = THE ASSUMED VALUE
OF 3.5 psi, Q.




FERMILAD SEGTION PROIRCT SERIAL ~CATEGORY | PAGE

ENGINEERING NOTE | 26 Sbhe |

BUBJIECT

CHECK THE MOM.  JTur PRESSURE T

N&MEW §

BATE REVIBION DATE

AF

p? /éé“ﬁﬁiﬁz
ARG “ = - ga = /J@m ) A
K\/% 2{43@ ;&ﬁ% / §5 0 7);3 W 22,2 %‘“Lx&aﬁ%

= 47 Lbgp= 001 pst

= APp+ APm

= 3,54 4+ 0.0 = 25§ psi = 3.5 psi 2E

oo PRE: %@g@% AT THE SINGLE %@f%g/ T PHASE TRANSITION
POINT = iy?f“/‘/ﬁmm AL CALCULATED ON PAGE 47,

HEAT

HEAT

PHASE SEc.ToN
- = FRE p P, 4@3

ég Sy
[, 480 '*3@"{? o 4T =, 010 FT

éi FROM PG 46
LOAD N THE TwWO PHASE SECTION = 300 Bla v
LoAD [N TUE SINGLE™ PHASE SECTION = 8Z0-300=520 fﬁ@%j/ hy

CALCULATE TEMPERATURE AT THE INLET T0 THE SOLENOID
Coorindag Lol —

ﬁm; M“ ;N@W =/ 4"%% /Wﬁ? = 21177 /@s,%

2 T NLET = T L 435 0:139 .

- e
i
o et —
S, e e

@@Mﬁ W*‘fwwwé




" FERMILAB BRCTION PROJSBOT SERIAL - CATRABERY RAGE
¥ ENGINEERING NOTE 2.6 SbhC S0/
BURIECT NA%;E‘“WJQS
A;?% /?@ REVISION DATE

CALCULATE S THE PRESSURE™ DROP BETWEEN THE |NLET 44D THE

SINGLE PHASE /T PHASE TRAWNSITION FoindT,
= L. 3LW 631 (719 Lhmhr) - L5 W@%@%&@@@z%

A p fan ( 0,0029¢p)
Abp = £1 {mi) n UR=0.139400% 0. 1435F 4.
ZA?("
= 0.023 @»O/M&i@” /m 0193513/ Lhi-se®
= Lhior f\ Z-#-8 2T f1Lb

~850.35 z@%{ o= 59 psi

CALLMATE  THE FRICTIONAL. HEAT LOAD —
Qf =4S CAP
Q= 7191 ém\g 4 O %%ﬁf . e w748 gad = 2.9 . P

é?@%ﬁﬁéw&% ‘

= s (4@ ?ng( Je?/@@@ﬁ = /4.7 @@@//?%W

RE Cm%wﬂ NTE THE TEMPEAATURE AT THE INLET 70 THE SoLENoY
CODLING . Colt- ([ Tsat AT INLET, WAS CALCULATED AS 4.64 K oN THE
?@gvmwg éﬁf%& ) AND /MCZ&M@&W ”%éi% f”"’ﬁ&(:’ﬂﬁﬁjﬁa&m HEAT &@ﬁ;ﬁ%m

0 = mmk

522708 |




FERMILAS FRCTION PROJEET BERILL -CATERORY | PAGE

ENGINEERING NOTE | 2.6 She | &

Wil

RAYE

We6/90

522703

Vinz 0,137 *0.148 = 1425 f1]),,,
Z

USING  Vim = O 1425, AP RECALCUATES 70 5. Bb PSi.
586 = 5.9 psi Ok

e

% PRESSURE AT THE |WLET TO THE COoOLING Lol [S
25,13 psia 5.9 P [ =313 psia= 2oz ATM

TRANSFER IN THE SOLENDID'S COOLING COIL. Wil BE

COIL PRESSURE DROP HAS BEEM RAMIMNED AT THE HoRIZONTAL
CENTERLINE OF THE coll T0 SIMPLIFY THIS PRELIMINARY AP
CALCULATION. THE (0IL'S ELsVATION DIFFERENCE AILL BE
TAKER INTO ACCOUNT WHEN THE HEAT TRAMNSFER |5
CHECKED .,




FERMILAB

ENGINEERING NOTE

BRETION

e

C

NAMB,

@&ﬁ
e

CHIMNEY SLLPPLY LINE

HEAT LEAK= 5.1 W

MINOR, LDSSES
Z - 90° ELBowS

2% 0.3

2457 To 1"

@

1,044 /2,157 = 0,

SUbDeEN CoaTRACTION

PIPE LENGTH = 40 -
40 + 4 = 4-4- %3@

AS IN THE PREVIOUS CALCULATIONS , SUWBSCRIPT | REFERS
TO THE NLET T THE SECTION OF LINE AND SUBSC
TO THE EX|T.

V)

| =001z (44

/

Kiv = 0.5 (1~0.48%) (1/1044) = 0,32

(0.76+0.31)Cha) ¥t o 4

SAME A4S FOR "THE CHIMNEY RETU

CALCULATE THE FRICTIONAL BAUIVALEWNT LENGTH -

SAME AS CHIMNEY RETURM LINE

/

&t

522703

5
Y
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FERMILARBR BECTION PROJBET BERIAL - CATRAORY | PAGE

ENGINEERING NOTE | 7.6 e R4

BUBIECT

N&&@MS

DATE REVIZION DATE

"o /40

CA  ULATE THE FRICTIONAL HEAT LoAD
o= 1SQ 4P
Qg = 1S (12:3 gpom) (0.25psi) = 46 BT
HeAT Leak_=5.1 W= /7.5 3ta/Ar
8= m bh
(i 75 4+ 4 éz») /3%\ "

T AR = 0,03 B 007 J
719 ) bpa Lbm {§

£ o~ 1178 %?/i - 0. (37 Ig = He 7l \7,1/5 AT THE IMLET 70 THE
CHI @%Jém}f xKWPL/ LiNE

AND Tsar = 55 7 K
Psar = QM ATM = 1.0.05 psid
P o= Tl G T3l @%A% SYT= 00137 )/ thm
RE )

CACCUALATE THE PRESSURE C
&

AANGE. DUE To ELEVATION

LEVATION CHAN G =36 ff ~SAME AS THE CHIMNEY

SUPPLY LINE
A F = 2y $ & Lbg . g%«ﬁ@ )
0,137 L~ 7 14dan™

= .83 psi

PRESSURE AT THE INLET To THE C %{%55%&2@%}/ SUPPLY LINE
43 pSid 4 025 psi = 1,83 pst = 29.55 psieac=2 | 4TM

Psat = 20.05 pSia < P = 29585 psia. . FLOW |S SINGLE
PHASE L1QL.1D,




$32703

FERMILAS BRETION PROIBCT [ERIAL -CATEQGORY | PAGE
ENGINEERING NOTE 2.6 sSbC 54/
s B
///,,Z 7 /?Q

PRESSURE TROP AND HEAT LOAD SUMMARY FOR THE SouleNail)
COpLING Cotl And THIMNEY LINES !

SECTION AP

(Psl)

HeaT (0AD
(5*5“@5’/%@?")

RETURN LINE 0.43

Copuinl G, CDL-
Twdo PHASE

3,57

COOLING ColL~
SINGLE PHASE

SUPPLY LINE

ot

a, 7.5

20 4 j)4 L= 634,72

17, &
Z00

! 4?‘0 xg‘” ) 7!“_ ‘Z‘?’”% é]ﬁ i '2; ?, . i‘

o~ FRICTIONA L HEATING
g"‘”& \!ﬂ@&m%&‘ﬁ

+ 86 = 386

( AGREES WITH THE
200 W LOAD ASSUMED
an) PAGE 20,

@+ et e e e s g i a1 o o o o e 8 £ 1kt ot et 1 e e




FERMILAS BECTION PROJIECT BERIAL - CATEGBRY | PAGHE

ENGINEERING NOTE | 277 | SbC |

BUBJIECT MNARME

DATE REVISION DATE

'4/7;%’/@@

PRESSURE DROP AND HEAT LOAD IN THE LINE BETWEEN THE
CHIMNEY AND THE SUBCOOLER

CoNTROL JAWE HEAT _EAK = 4.5 Btu/hr FROM PAGE 19
= j.o3 W

ASSUME THIS SECTION 1S A U—TURE WITH BAYONET

ENDS AND ONE BLOCK VAWE. [ SCH iDS PIPE.

CALCULATE LINE HEAT LEAK ~REFER T PAGE 14 FuR DETAILS

|- BLOCK VALVE | 4.5 BtuShr

2-90°ELBOWS , Leg = TX g =70 f£1

2- BAYONETS , ZX16 = 37 Bt Ar

PIPE LENGTH = 20 %

HEAT LEAK Foe "THS SBECTION=

CALCALATE THE FRICTIONAL EQUIVALENT LENGTH —

»»»»»»

REFER. TD PAGE 1] FoR DETAILS

: (2.3 9pm) 731 = 5.0 paq
| BLOCK VALVE | AP (\ Mf@v) 55 = 009 ps
2. 90° g1LBowS , K= 2L x0.5 § = 0.

2~ DAYWETS , AP =0

Ln= KD = 41 (1047/12) 2 5 (¢
“‘Q“” Q&@Zv% . Q )

o= zo¥s =25 o

522703




FERMILAB BECTION @W@J&@T BERIAL -CATEGORY PASE

ENGINEERING NOTE (| Sha 374

SUBJECT ASIE

A2
11730/g0

s
REVIBION DATE

522703

FLow) VELOCITY = 719 lbm . b . O /3“‘7;&&%{% i —
AT 3600 St Lber  0.006564F

= 4,17 75?@:‘;

APMW,@L&X@;%A
T ag "

= 0.013 (25 £€) (4, g“‘?@@m’“)fng?@ﬂm
(1 097/1) A (1) (32.2 $1756¢™) 0,137 42

+0.09 = 0,18 pst

Vﬁ%@ VE

FRICTIONAL HEATING = 1,5 ()2 3%§<m>( 018 psid= 3.3 Bitn {

TOTAL HEAT LOAD IS 56+ 3.3 = 59.3 BT = |7.4w
Ad= 59.3

THEN  Tsar S
Lp = 01174 g8 = 736 . «é% =Yg =0.136 - ;?%éy@
FPRESSURE DOWINS TRE Avwv OF THE (oNTROL UALVE 1S
29.55 psia+ 0,8 psy = 2913 pSia =Z2.023 ATM.

P4t = 9546 psia s Po= 2973 psia S, Flewd 1S SINGLE
PHASE LIQUID .,




FERMILAB RECTION PROSECT BSERIAL -CATRGORY | PABE

ENGINEERING NOTE | 28 shcC 457

BUBJIECT MAME &

&ng 1 REVIGIOR DATE
Voo

[OMPARE THE ASSUMED HEAT LUAD OF §58 W oN JAGE 20D
TD THE CALCLLATETY HeAT LoAD.

—= 1,5 QAP

FRicTion) ¥ HEAT
S %&@K%@@\% HEAT IN U APeric. HEATING  LoADS CopAMENTS
(Bfu/hr)  (Biwhr)  (psi) (Biw/hr)  (Bla/hr)

RETARN LINES: .
SURFACE  312.9 0.3% G080 (3.31) 3169 FRCAEAT NOT INC
RISER 1750 2.3 0.03% ([/37) 1750 i
DETECTOR  278.6 0.251 0.058 (1.96) 784 g

CHIMMEY RETURN 17,5 02771 o.4%  (12.81) L5 !
OOt
Two PHASE 300 O, zw B.5% 2 38
SINGLE PUASE 520 0173 5.9 Hé4 2. 63 o
CH MW? SWPRy 175 0u37 0,25 #.6 L]
;s /b jo.463  2os.l |, % a% 5.6
i (19.96) [ 553w ]|

Rwumgm N A %%;:&@’ wm éﬁfﬁ@& oF !ff? C?é?/,%%%b é:,», #Mj?@ =101 %g
“THE HERT LOAD SHOULD HANE BEEN /,885.4L 1T14496% 905,56

Btw /hr =560 W. THE :%&‘“’ﬂé&’%f\} ﬁzmu?‘y WAS BASED ON THE. ASSUMED
LOAD OF 585 W, WHICKH 1S =583 W. gk |

522703
%
i
!
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FERMILAB BECTION PROSJECT FERIAL ~CATRGGRY | PAGE
NEERING NOTE | Z.4 sbC st/
FCCUAATE THE MINIMUM REAUIRED =
SUPPLY PRESSURE e |

USE TRERNOULLL'S . EQUATION ~
S= SUPPLY COMDITIONS
R_2 RETURMN CONDITIONS
U . e -
Ps wa;méﬁ%%@% Z2¥s = PR+ VR ¥R 4 Zp Xn + LOSSES
Z@, Z;g
Vs = 45 fps  pGE /3
¥y = T8 Lyg/fH7 paGE o
o !f‘:«‘ o+ 36 = [ Ob A

gﬂgyﬁ e }3@% 37
{ 7.5+ 7 %% ;‘«” z:w/m“% PAGE I3
P/” o -5 56
Pe.® /6.5 /wm PAGE
Ko = a@/@m T+ ybLl’ é}/ = 3,7 Lbg 13
A
Y

Fép 24- PG 41
Zr = (86 ft =

%mg’? R E : ;
LDSSES = (0,463 ﬁwz 4 C f}w f*§@ = 92903 fa,ﬁ“’éf
S V- - «g;” ;%%%m 1Ok 4 N
EQ§ Q gﬁi v - b Zi%zl«ﬁﬁi@;}}%ﬁé\& M 7 &l}%@f% Afg%.%

= 6.5 psid (Z%% %57/@@%2% w%>a§z +(186%3.7/144) Psi

+(12.903 pST )+ 1L Tl G TROL VALV E ALLOWANCE PG 12
Ps = 2719 psiew = /2.5 psig MINIMAM DURING CHARGING (DAD

P Pa 2104165 =10 psi

e

m&m& STE w 5%?& aF ﬂm ) MW@W W@ CM

' f‘gg: GREATI

i
!

wwmﬂ ;ﬁ

mzms
]
¢
i
i
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FERMILA wm‘ma{i PROJRET BERIAL «CATRGORY wa@
ENGINEERING NOTE 2.9 SbC g v
BUBJECT NA%} 5
Mj%g : REVIGION DATE

TwiTn wﬁf@ [Z.65 ;% AT E ETETA

ESTIMNTE THE MINIMUM REAUIRED SUPPLY Pr ZSSURE DURING
STEADY STATE OPERATION WITHOUT THE CHARGING LOAD.

ASSUME THE HELILM FLOW RATE IS THE SAME AS THE FLow
RATE USED IN THE CALCULATION FOR THE CHARGING LOAD ,

ASSUME THE PRES DRoP IN THE ol AND RETURN S 1DE IS
TUE SAME AS THE PRES DRoOp IN THE CALCULAT OKN) FOR THE
CHARGING LOAD , THE ACTUAL PRES DROP wWoULD BE LESS.

ESTIMATE THE RET 2N QUALLTY!
FOLLOW THE CALCULATION ON PAGE 20 -
LOAD “’“"?” “”é;”” 270 = 335 W

?f Y 42%
Ap e 1066+ 277 = /4 Qéﬁ%/
.36 ~10.37Y)7,
/\/ & } % o 5)? /@}ﬁ {}m%

19.67 g

VR =V TR (Uﬁw Vi ) 013 +0,208 (0.8¢ 0.13) 0. LT4 £t /b
R Egia R TO THE ALCULATION @f{ Xg 3% ON PAGE 24
M sSmAtL

NEGLECT J{;l m ITY TERMS SINCE THEY'RE

ESTIMATE THE PRESSURE DROP 1N THE SOLENOIVD CODLING CoILq
z’%@mmﬁ SINGLE PHASE PLOW ALO'G THE ENTIRE ol LEMGTH.
HEAT LEAK, = 20 W PAGE 7.0

ASSUME  FRICTIONAL WEAT WOAD = 86 +//4 = 200 Gtw/br= 586 W
FRom PAGE 57 (SAME AS CHARGING (0AD CASE )

ToTAL HEAT LOAD = 204 58.b = 78. 6 W
SNTHALPY AT THE Coib EXi1T= /478 Yy + 78.6 Y %f%

P6 50
= 27 s@fz Nﬁf@:{: T

CTai A LK S

B ;.,;f@ = OJI3T q/éé= T Lé%g “>‘”W m QME@
s - RS A /SN P - Sy N
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ENGINEERING NOTE | 2.1 | S2C Ls

BUBIECT NAME

SRS
1%/2 /00

REVISION DATE

CALCYLATE (CoOLMNG Coll GUTLET PRESSUEE !

CoDLING CotL OUTLET PRESSURE = LHe STORAGE LEWAR
FRESSURE + PRESSURE DUE TO ELEVATION CHANGE ,

P& 59
Cooprd g col. oUTLET PRESSURE =

i@wg’w}ﬁa&@ 7!““
o e
186 5157 Lt e
/‘%ﬁwﬁi{;«‘ﬁﬁﬁ
T . Z 3, /?)" ?3@ /@

SINCE 25, 457 psia P 27.4% psia = FsaT FROM PAGE 57,

THEN SIN x&@ PHASE FLowl EXISTS ALoNG THE EnTIRE COIL .
LENG T H AS ASSUMED IN THE PRECEDING CALCLILATION FOR.
Pegr AT THE Coiw QUTLET, g

CALOMATE THE MEAR] DENSIT ’}J IN THE COOLIN G, oL’

w6

P = Liverfowreer . 73+7) - 7T L %? °
s g‘glsf ?@y

CALCULATE  ColL A P!

{ é% ﬁi 7 W/L
< 1 OATY = w. &2 'Wf e A7 ¥ W e —

Ape LU @fwm

?f‘f gﬁ@

L = gm%@ Lb
l, PO,
- B ——— yTTT T N o
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REVISION DATE

o 749 #5112

522703

CALCULATE  THE ’”‘“&m IONAL HENTINIG, ~

Q - AT, e 74l = 7, 4F
ﬁ@rﬂmﬁ% {g%” ﬁf%®
Qp- 1SQ AP = 1€ (2.4Sqpm) (8. 4 pst)

= 157 Bta /hv = 4b W < TUE ASSUMED
SALUE OF 58.6 W
ok bon'T RECHL

Solve FoR, THE TufP P%Wjj PRESSURE™ Wi THOUT THE (CHARGING
LOAD INCLUDED,

USe BERNOULLLS EQUATION —

Pe o AW o
s S S b TE Y s

%m;zm;% -

Ps + (186 » 7.4 ///d44) = /6.5 + (Hf’f +5,38 /144 ) +(12.903 -

o o o g O
- Zeyp FLOSSES

P;} CRVACY [mgsm/g/ = 3,43 /@@/g&
Pe-Pe 2813 = /6§ = [163PaT

AS ASSUMED ON PAGE 58, THE AVERAGE "DENSITY IN THE
RETURN SIDE 1S GREATER. AND THE AP Lass gm THE &m&zﬁw

SIDE 1S LESS PURING STEADY STATE 0PERATION W/ITHIUT TTHE

CHERGING LOAD, THE NET BEFECT /5 T0 INCREASE THE
SUPPLY PRESSURE BECAUSE THE DECRENSE /N AP LOSS TOES
NOT OFFSET THE |NCREASE [N THE AVERAGE RETURN
DEMNS|TY.
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FERMILAB
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PROJECT

TE zZ. N0 =D

SERIAL -CATEGORY

PAGE

NEERIN C
COMPARISON OF HEAT LOAD AMS

CALCULATIONS 3

cb

A

Q HiGH

L
g

DATE

1 1/10/91

REVISION DATE

COMPONEMT

BAYONET PAIR
U-TUEE
STO é"‘%ﬁaé‘% E DEWAR

TRANS FER. LINE

SURCOOLER,
CHIMNEY

(BRlTR

FRICTION
BLOCK, VALVES
ELRBOWS

TEES

o NTROL VALVE

FIELD JOINTS

7 5 SDe

C

(W)

T OOMPONENT

HEAT LEAK
W/m )

QUANTITY

SYSTEM
HEAT LoAD

(W)

COMPONERNT
gg 13

HEAT LEAK
2 sleE

W) w/m) (Ley) W) in&"% (Leg)

QUANTITY

SIE& [ SIRE 2MSIZE

SYSTEM
HEAT LOAD

(W)

HEAT {LOAD WITHouUT

CHARGINIG LOAD

PEAK. CHARGING LoAD

PEAK. HEAT LOAD

e

- 0,033
0.08 EFF

. f k @“ -

w T ]
0. 033

(045 EFF)

-8
ey

/3
b X 4-m
/

2.5 m

/

72X 32,05 m

1.9
7§72
=

B R B o P
[ o L g
L o a {(j‘ f‘;a e B Yo j

2 USED
(fﬁ [0.575%2.4)

/4

/| USED

e

5’?’

o

4-0, o
+ /00

140, 6

| NoTe 1!
o CopaPonEnT

+.68¢ - - 10241 - -
mmg@ UNDER, 0 THER, ¢
E‘E‘,& NUTE
EMQLM??;E:ZD N PEFRIGERATOR'S SCnPE

.5

Z 4
COMPONENTS 2 2

P

0,48 —

4.bva

A -TU %- #%&@A? g«mg;,ﬁg% w%é@@&wé s

2,918 4.886
| 44 hal

6.1 m OF PIPE

x3

awn

| 70.6

/5

7. BAYONETS q, Wé |, LB

13.744 28,4817

HEAT LEAK. (W)
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2,11 f“j;;z;;, 63

522703

23U

er HEA’T L&M& w&““@‘”é% LN+ SHIELDED PIPING.

HEAT LEAK. WITH TEVATRON TYPE PIPING  |oe REVTETSN AT
W) g;’@f

HEAT LEAK TO LINE | M\;@@Nm“% AND LA-TUBES
= 250 W,/ 6,500 m= 0.04\W/m

g = 0.04 W, o 2T m@mwﬁm

HEAT LEAK. WiTH TEVATRON TYPE PIPING W

LINE , BAYONETS AND U-TUBES 137 pery 0.1

SUBRCOOLER
CHIMNEY
MAGNET 2.0
FRICTION B1.b

BLOCK. VALVES 20
CopSTROL AN E 4

STORAGE DEWAL. — (INCLUDED ;N REFRIGERATOR:
7 S
SCopPe)

HEAT LOAD WITHOUWT CHARGING LOAD (7144

PEAK. CHARGING LDAD 1O

#
Py

PEAK. WEAT LOAD
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FERMILAB

HEAT LEAK WiTH LN2 SHIELDED PIPING: [AMS

TG
QGATE REVIQION DATE

HEAT LEAK WITH FLUX @F’ 2.3 W 19/ 91
KEEP U~TURE HEAT LEAKS THE SAME

e, Qz“"fi@ 3% bil) F (z@wv@)iﬁag}w% 2(23)= 38,3 m

522703

le= (I131-2 »G.l )mf (iL-) (1Y +1(1.8) = 135 m
= 59 W

e

OF 2.3 W/inmt= /’M’f 6= (170, 64+ 264
4 3 %j} o (Wg 2. !% - 579 ( Bt xS ;@ﬁ % 23,709 @4 5% 0.5 ;@ﬁf&%

oy D 0y % i . é %mm
¥ 0243 wWhC [ {uzm Fax i) 2281 (0,§3) (0. me
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1) CRANE TELHNICAL PAPER NO. 4/0 1 FLOW OF FLUIDS
T mum JALVES, FITTINGS AND PIPE

2) BARRON, CRIDGENIC SYSTEMS , 1966

3) CVI ,INC, CATALOG | CRYOGENIC

STANDARD PRODUCTS (8018 ﬁ)
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DIVISION OF UMION CARBIDE CORPORATION
CRYOGENIC PRODUCTS DEPARTMENT

TABLE NO. 1

Pag@ 16

UNIT EQUIVALENT LENGTHS FOR COOLDOWN, FRICTION, AND HEAT LEAK;
LINDE VACUUM SI INSULATED PIPING COMPONENTS:

N No LN or. He SHIELD

A, Welded Jolnts

The following data are equivalent lengths in feet of corresponding straight pipe

for cooldown, friction, and heat leak:
Pipe Size

1”
ZW
3??
4??
5t
6”
8?@'

s

90° Elbows

The following data are equivalent lengihs
for cooldown, friction, and heat leak:

Pipe Size

oe
o
a1
' 41
51t
&9
g

e

N
=

o 92 9

iy

W

E\A@q

19,
15,
14.
14.
13.
i3.
12,

&5 =3 9 &

@ W

2

in feet of corresponding straight pipe

Lo e N D O

o

== a2

L
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| DIVISION OF UNION CARBIDE CORPORATION
CRYOGENIC PRODUCTS DEPARTMENT

C. Tees

1. Through run

Page 17

The following data ave equivalent lengths in feet of corresponding straight

pipe for cooldown, friction, and heat leak when flow is through the run of the tee:

Pipe Size

1W
ZW
3??
47?
5??
6??
8?@

2. Through branch

[l

3
ol e

B DN Lo O

e

et 2D O = o

e

4

o
@
Re

2R e

&y =3

D WS LW =3

The following data are equivalent rengths in feet of corresponding straight
pipe for cooldown, friction, and heat leak when flow is through the 20° branch of the tee:

Pipe Size

1“’
2??
3??
4:?%
5?9
6?@
gﬁ?

}:,A @

L2 L8 2 DS

o

Lo Lo

o

pemd pER

P = WO W

Lef

G.
10.
14.
19.
23.
28.

Leg

7.

e

L7
-

Do

[ 1]

e

4
7
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DIVISION OF UNION CARBIDE CORPORATION
CRYOGENIC PRODUCTS DEPARTMENT

TABLE 2

AVERAGE UNIT HEAT LEAK AND COOLDOWN DATA (WITHOUT LN OR He
} SHIELD )

The average unit heat leak rates (Hy) below are for steady state heat leak and
exclude joint effects. They may be used for LH, , 1O, , or LN, {or engineering
accuracy. Although the temperature differential across the insulation is greater for
LH, than for LO, or LNy, the apparent "K" value of the insulation is lower and the
two effects virtually cancel each other*. Both the heat leak rates and cooldown
enthalpies must be multiplied by the time factors in Table No. 3 for durations of
transfer less than 16 hours.

Pipe Size qu Btu's/ft./hr. aHg, Btu's/ft.

LH, LO, LN,
1w 4G 37.1 34.4 35.4
2 79 68.3 63.3 65,2
3 1.03 125.7 116.6 120.1
4 1.22 161.2 149.5 154.0
G 1.56 256.6 238.0 245.1
6 1.85 303.0 281.0 289. 4
gn 2. 37 398.0 366.3 377.3

Tpp WHe 1N 1T LiNE

AR

[ 200 ~ 4,5 s,
(gwfw) 0.46 = 2.5  [lu

200-45 ) 579 = 0.83 Bt

P s P

\, z00-20 , Ar-A{+t

#* This hos been confirmed empirically.

%@N@Tg’ x THE ESTIMATED VALLES FOR LHe Do NOT IN CL.UDE
PESIDUAL GAS ConDucTion EFFECTS,
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