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Coil parameters, etc.

KJ = 1000 oo i= 5.67-10°°
cable, := 1.25mm cabley := 0.8mm m2 . K4
turnsPerLayer := 560 noOfLayers := 5 kg kg

4 4 Peopper = 8960 = Pt = 6000 =

c0ilygih == 700mm cOilgpickness := cabley - noOfLayers = 4 - mm m m

Ycopper = 0.3 ynori = 1 - Ycopper = 0.2
coiljp := 100mm coilgp := coiljp + 2 - coiliickness = 0-108 m

y = volume fraction

coilygume = % : (coiIOD2 - coillDz) - cOilyign = 9.148 x 10 ‘i’

C011mass.c0pper ‘= Ycopper * Pcopper * C()llvolume =6.558kg

COilmass.NbTi ‘= YNbTi * PNbTi * COilvolume = 1.098kg

01l pqgs = C()llmass.copper + €0l g NpTi = 7.655kg

. . . T L2 L2 2
cOilgyrfaceArea i= T - €Oilgp - coilyigm + 2 - Z . (coﬂOD - coiljp ) =0.24m

OFHC heat capacity data from NIST 4.2 K to 300 K

~1.91844 bognc = —0.15973 Copnc = 8.61013 dornc = —18.996

AQFHC -
€OFHC = 21.9661 fOFHC = —12.7328 SOFHC = 3.54322 hOFHC = -0.3797 iOFHC =0
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cporuc(T) = 10



NbTi heat capacity data from Andrew Davies (CERN) document, assuming a densi

magfield := 0G assume no magnetic field
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Cp_intcopper(Tca Th) = J cporuc(T) dT Cp_inthTi(TcaTh) = J cpnyri(T) dT
T, T,

COﬂheatCapacity<TcaTh) = COilmass.copper' Cp_intcopper<TcaTh) + COilmass.NbTi ' Cp_inthTi<TcaTh)

cOilpearCapacity(4-2K, 300K) = 638.247 - kI

3 4
255+ 13.837- [ £ | —0.1193834 - [ = | +0.000496- [ =] —8.034-10"7.[ X !
i K K K K) |kg-K

ty of 6000 kg/m*3

4

T J

— if (20K < T < 50K)
K/ |kg-K

if (50K < T < 175K)

4
T
— ! if (175K < T < 500K)
K/ |kg-K



Al6061-T6 heat capacity data from NIST 4 K to 300 K

aAAl16061 = 46.6467 bA16061 = -314.292 CAl6061 = 866.662 dAl6061 = —1298.3
€Al6061 = 1162.27 fAl6061 = —637.795 gA16061 = 210.351 hA16061 = —-38.3094 iAl6061 = 2.96344
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cpaieos1(T) := 10
. . . . . kg
coilSupportgp := coiljp = 0.1m coilSupportyickness := Smm coilSupportiene, == €Ooilyigp = 0.7m PAI6O61 = 2700—3
m

coilSupport;p := coilSupportgp — 2 - coilSupportyy;ckness = 0-09 m
. . T . 2 . 2
coilSupporty . := paisost - COIISUpportieng - Z . (coﬂSupportOD — coilSupport;p ) =2.82kg
Th
Cp_intcoilSupport(TcaTh) = 4[ cpaieos1(T) dT
TC
COilSUpportheatCapacity(Tca Th) = coilSupporty,g - Cp_intcoilSupport<Tca Th)

c0ilSupportyeqicapacity(4-2K, 300K) = 500.726 - kJ



Assume a thermal shield is made of OFHC copper

thermalShield;p := coilgp + 2 - 50mm thermalShieldjcpess := 2mm
thermalShieldgp := thermalShield; + 2 - thermalShieldjcpess = 0.212m

thermalShieldjepg, == coilyig + 2 - 100mm
. . g . 2 . 2
thermalShield ;g6 := Peopper - thermalShieldepgq, - Z . (thermalShleldOD — thermalShield;p ) =10.64kg

thermalShieldgyfacearea = 70 - thermalShieldyp, - thermalShield;e, g + 2 - ; . thermalShieldID2 =0.656 m2

Ty
thermalShieldheatCapacity(TC,Th) := thermalShield,,, - J cporgc(T) dT
TC

thermalShieldyeiCapacity(60K, 300K) = 827.812 - kJ



Static heat loads on thermal shield

W

Qrad RTtoThermalShield := 1.6 — - (2 . % . thermalShieldOD2 + 7 - thermalShieldgp, - thermalShieldlength) =1.072- W MLI wrapped
m2

Qconduction.RTtoThermalShield = S0W conduction thru support structure and magnet current leads (assumed)

static.RTtoThermalShield *= Yrad.RTtoThermalShield  dconduction.RTtoThermalShield = 51.072- W

Static heat load on the magnet coil

Ecopper = 1% Ecoil := 100%

. 4 4
(COllsurfaceArea) "OsB - (TthermalShield - Tcoil )

Arad( Teoits Tthermatshiela) = radiation from thermal shield to magnet

+ 1 COilsurfaceArea
Ecoil €c0pper 1:herrnalShieldsurfaceArea
Qrad(4.2K,300K) = 2.962 - W maximum value is when thermal shield is at 300 K and magnet coil is at 4.2 K.
3

Qrad(4.2K,60K) = 4.739 x 10 - W tiny, after the thermal shield has cooled to 60 K

Ysupport.leak “= W assumed



Cryocooler capacity (M A Green's paper): PT415
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1 27 25
2 80 50
3 145 75
4 205 100
5 307 125
0 30 0
1 50 50
2 75 100
3 115 150
4 215 200
5 290 250




stage listerpolation = cspline(stage 1<0> ,stage 1< 1>>

stagel
stagel capacity( stage ltemp) = interp [stage 1 interpolation» Stag€ 1<0> , stage 1< v s %} w

stagel capacity(300K) = 261.881 - W



Cooldown time

Ustatic. RTtoThermalShield ~ Stagelcapacity(T)
thermalShield, s - cporuc(T)

thermalShieldCooldown,,(T) :=

60K
1

thermalShieldCooldowny;,e := - dT =1.919- hr
thermalShieldCooldown,.(T)

300K

support.leak + qrad(4'2K7 300K) — Stage2capacity(T)

cOilmass.copper' chFHC(T) + COilmass.NbTi : CprTi(T) + COilsupportmass : CpAl606l(T)

magnetCooldown,,(T) :=

4.2K
1
magnetCooldowny;,. := dT =4.058 - hr
magnetCooldown,,;.(T)

300K

We have assumed perfect thermal conductance between the cryocooler and the coil, which is not the real case. The thermal link can
have considerable thermal resistance that can prolong the cooldown time. Additionally, we have assumed the magnet coil + its
aluminum support to be a lumped' element (i.e, all of it cools down with spatial uniformity). This is again not the real case. There will be
spatial temperature gradients in the coil body. The two effects may cause the cooldown time to be as much as 2 or 3 times the one
calculated above.



Temperature vs. time during cooldown

At = 5s assume a time step << cooldown time

cooldown := i<« 0
Tshield. <« 300K
1

Tcoil. <« 300K
i
tirﬂecooldowni « 0Os

while i < 10000
T shield. L Tepield. + At - thermalShieldCooldownrate(Tshield')
1+ 1 1

TCOili+l “«— Tcoili + At - magnetCooldownrate(Tcoﬂi)

tirnecooldowni+1 <« til’necooldowni + At

i«<i1+1
Tsnield
K
Tcoil
K

tmeq01down

S

Tehield := cooldowno -K Teoil := cooldown1 -K time,yo1down = cooldown2 .S
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Calculation of temperature rise following a quench
coilgyrrent == 160A  coiljquctance == 0.44171H

: L : 2 3
C011@nergy = ECOllinductance - COileyprent = 5.654x 107 - J

a) assume that the ENTIRE COIL absorbes the stored energy (no heat transfer to coil support)

Teoil.cold = 4.2K T

coil.warm.guess ‘= 60K

Yy
eNergyeoil zeroly) = (COilmass.copper' cpornc(T) + coil s NbTi - CprTi(T)) dT - cOilenergy
Teoil.cold

Tcoil.warm = rOOt(energYCoil.zer()(Tcoil.warm.guess) > Tcoil.warm.guess)

Tcoil.warm = 39643 K

b) assume that only the quenching LAYER absorbes the stored energy (no heat transfer to coil support)

Tlayer.cold = 4.2K Tlayer.warm.guess = 60K

y . .
( cOllmass.copper COllmass.NbTi
energYIayer.zero(Y) =

- C (MH+— ¢ (T) | dT — coil
noOfLayers PorHc noOfLayers PNoTi enerey

Tlayencold

Tlayer.warm = rOOt(energYIayer.zero(Tlayer.warm.guess)a Tlayer.warm.guess)

Tiayer.warm = 64.519K
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