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Abstract

Managing parallel cryogenic flows has become a key challenge in designing efficient and smart cryo-modules for particle accelerators. In analyzing the Frasgre e T oS Simplified model of cryogenic scheme

heating dynamics of the Cornell high current injector module a power-full computational tool has been set-up allowing time resolved analysis and T e A s
optimization. We will describe the computational methods and data sets we have used, report the results and compare them to measured data from
the module being in good agreement. Mitigation strategies developed on basis of this model have helped pushing the operational limitations.
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eat Transfer Rate (Q): h. As (T, — Tf discovered the coupler tubing is too small. So the HOM'’s get
. 0 1a #STEEL .
2 Wass o oo g [T more flow, and the couplers less than designed for. t [s]
E nt h a I py C h a nge (Ah) : —_— 22 Pipe Diameter Dla [m] 4.40000E-03 |- Cross SectiDSurfacE Area
* 23 |Pipe Properties Circular?|yes Diameter (if 0.003 yes
24 If No: Cross Section_7.06B58E-06| Perimeter no
. . . 25 Pipe Length L1z [m] 1.00000E+00
Dynamic VlSCOSlty (‘ll) HEPAK 2 Heat Losd Tis  [w-l/s] [000000ES00
27 |Initial Pipe Temp Tp0 [K] 4. 0000DE+D1
p 28
29 |Pressure p [Pa] 2 50000E+06 2 4990BE+06 249B17E+D6 2 49725E+06 245634FE+06 249542F+06 248450F+06 249358E+06 2 49267E+06 249175E+06 2 450B3E+06 2 4BS92FE+06 2 4RS00E+06 2 4BROBE+06 24BT16E=+06 2 4B624E+06
ReynOIdS N u mber (Re): - 30 |Specific Enthalpy h [1/¥e] 2.230966E+05 2 23966E+05 2 23966E+05 2 23966E+05 2.23966E+05 2.23966E+05 2.23966E+05 2 23966E+05 2 23966E+05 2.23966E+05 2.23966E+05 2.23966E+05 2.23966E+05 223966E+05 2.23965E+05 2.23965E+05
31 |Dv ty h [Kg/m3] | 2.81647E+01 2.81550E+01 2.81453E+01 2.B1356E+01 2.81259E+01 2.81162E+01 2.81065E+01 2.B0968E+01 2.80871E+01 2.80774E+01 2.80676E+01 2.80579E+01 2.80482E+01 2B0385E+01 2.80288E+01 2.80190E+01
32 |Velocity v [m/s] 497120E+01 497291E+01 497462E+01 4.97634E+01 4.97805E+01 4.97977E+01 4.981459E+01 498321F+01 498493E+01 4.9B666E+01 4.98B3BE+01 495011E+01 4.59184F+01 4.99357E+01 4.99531E+01 4.93704E+01
. . 33 |Pipe Temperature Tp [K] 4 0D000E+01 4 00D00E+01 4.00000E+01 4.0D000E+01 4 000DDE+01 4 O00DOE+01 4.00000E+01 4.00000E+01 4 00000E+01 4 .00000E+01 4.00000E+01 4 00000E+01) 4.00000E+01 4.00000E+01 4.00001E+01 4.00001E+01
Fr|Ct|On Fa Ctor (f): 34 Heat Capacity P [J/Kg-K] | 5.47095E+03 5.47087E+03 5.47078E+03 5.47070E+03 5.47062E+03 547053E+03 5.47045E+03 547037E+03 5.47028E+03 547020E+03 5.47011F+03 547003E+03 5.46095E<03 5.46986E:03 5.46078E+03 5.46970E+03
35 |Prandtl Number Pr [-] 7.29699E-01 7.29699E-01 7.29699E-01 7.29698E-01 7.29698E-01 7.29608E-01 7.29697E-01 7.29697E-01 7.29697E-01 7.20696E-01 7.296096E-01 7.29696E-01 7.29695E-01 7.29695E-01 7.29695E-01 7.29694E-01 I D L h
64 36 |Nusselt Number MNu [-1 1.28679E+03 1.296B2E+03 1.296B5E+03 1.296BBE+03 129691E+03 1.29685E+03 1.29698E+03 1.29701E+03 1.29704E+03 1.29707E+03 1.29710E+03 1.29713E+03 1.29716E+03 129718E+03 129722E+03 1.29726E+03 n ner Ia meter engt
Re < 2 300 % f j— / - 37 |Thermal Conductivity k [W/m-K]| 4.54132E-02 454111E-02 454091E-02 454071E-02 454050E-02 4.54030E-02 4.54010E-02 453989E-02 4.53969E-02 453949E-02 453928BE-02 4.53908E-02 453887E-02 453B67E-02 4.53B46E-02 453826E-02
Re 4 38 |Pipe Specific Heat kp [J/kg-K] | 5.B6B70E+01 5.86870E+D1 5.B6870E+01 5.86B70E+01 5.86870E+01 5.86870E+01 5.8R8TOE+01 5.B6B70E+01 5.86B70E+01 5.86871E+01 5.86871E+D1 5.86871E+01 5.86871E+01 5B86871E+01 5.86872E+01 5.8BB7T2E+01
4_ _0 25 39 |Heat Transfer Coefficient |hc [J/Kg-K] | 1.33844E+04 1.33841E+04 133838E+04 133B36E+04 1.33833E+04 1.33830E+04 1.33827E+04 133824E+04 133822E+04 133819E+04 1.33816E+04 1.33813E+04 1.33B10E+04 133807E+04 1.33B05E+04 1.33802E+04
2 3 O 0 < Re < 2 X 1 0 % f f— O . 3 1 6 Re - . 40 |Heat Transfer Rate Qdot [W=J/s] |-7.BB757E-14 -2.04957E-04 -4.05507E-04 -6.01746E-04 -7.893767E-04 -9.81662E-04 -1.16552E-03 -1.34543E-03 -1.5214BE-03 -1.69374E-03 -1.86231E-03 -2.02726E-03 -2.1BB67E-03 -2.34662E-03 -2.50119E-03 -2.65243E-03
) 41 EnthalpyChange dh [Ifkg] -3.70495E-12 -9.62724E-03 -1.90475E-02 -2.82652E-02 -3.7284BE-02 -4.61106E-02 -5.47468E-02 -6.31975E-02 -7.14667E-02 -7.95584E-02 -B.74764E-02 -9.52245E-02 -1.02806E-01 -1.10226E-01 -1.174BRE-01 -1.245%0E-01 5 94 m m 68 6 C m 2 OO g
4. —0_20 41 Viscosity mu [Pa-s] 6.05707E-06 6.05689E-06 6.05671E-06 6.05653E-06 6.05635E-06 6.05617E-06 6.05599E-06 6.05580E-06 6.05562E-06 6.05544E-06 6.05526E-06 6.05507E-06 6.05489E-06 6.05471E-06 6.05453E-06 6.05434E-06
Re > 2 X 1 0 H f — O. 184 Re 43 |Reynolds Number Re [ 1.01708E+06 101711FE+06 1.01714E+D6 1.01717E+06 1.01720E+06 1.01723E+06 1.01726E+06 1.01729E+06 1.01733E+06 1.01736E+06 1.01739E+06 1.01742E+06 1.01745E+06 1.01748E+06 1.01751F+06 1.01754E+06
44 |Darcy Friction Factor f [-1 115704E-02 115703E-02 115702E-02 115701E-02 115701E-02 115700E-02 115699E-02 1.15699E-02 11569BE-02 1.15697E-02 115657E-02 115696E-02 115685E-02 1.15685E-02 1.15684E-02 1.15693E-02

45 Pressure Drop dp [Pa] 9.15147E+02 9.15457E+02 9.15767E+02 8.16077E+02 9.16387E+02 9.16698E+02 9.17009E+02 9.17320E+02 9.17632E+02 9.17944E+02 9.1B256E+02 B9.1B568E+02 9.1BBB1E+02 9.19194E+02 9.1950BE+02 9.19822E+02

j: Temperature T [K] 4.[“]]]0&0; 4.&]]]1&01 4.MIIZE+D; 4.1]]])3&0; 4.&]]]4&01 4.1]]]]5E+D; 4.[“]]]5&0; 4.[H]ﬂﬂ?EiOElf 4.iHIHJBE+0; 4.[“]]]5‘&0; 4.CH]JJDE+41]; 4.1]]]11E+i1]1 4.CH]]JZEHE 4.&]]13&4:'.:; 4.{N]1]MEH:Ef 4.[“])15&4;; . . . CO u Ie r 3 . 88 m m 83 . 8 C m 200
Lv2p oy . — Input parameters for the simulation. The blue table specifies the system P 5

50 Pressure Lost dp [Pa] 0.40462E+04

Pressure Drop (Ap):

57D Blreseis ) [saers properties, the red table specifies the physical properties of the cryomodule Inlet 2.00 mm 50.0 cm N/A

HOM Heat Load Coupler Heat Load Mass Flow Rate Initial Fluid Temp

52 FinaITiemperature T [K] 4,00063E+01

Fluid Temperature (Tf): HEPAK 3 fialPelens TR0 M {A0o0i7en
o M| Sheetl ,Sheet2 , Sheet3 4]
Ready |

No inlet 50 W 30 bar 9g/s 80 K
Inlet 5W 50 W 30 bar 4.5 g/s 80 K
High Heat (inlet) 5W 120 W 30 bar 6g/s 80 K

without HOM Inlet pipe, 50W with HOM Inlet pipe, 50W, half flow
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Including the inlet pipe allows more cryogen to flow
through the couplers, greatly improving system
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= Number of 2-cell cavities 5 * Numberof HOM loads 6
= Accelerationpercavity 1-3MeV = HOM power percavity 40W

= Accelerating gradient  4.3-13.0MV/m = Couplers per cavity 2

= RI/Q (linac definition) 222 Ohm = RF power per cavity 120 kW
" Qg 4.6x10%-4.1x10° = Amplitude/phase stability 10/ 0.1° (rms)
= Total 2K /5K / 80K loads: 30W / 60W / 700W = |[CM length 5m
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It also allows the system to operate with substantially
larger heat loads
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CLASSE facilities are operated by the Cornell Laboratory for Elementary Particle Physics (LEPP) and the Cornell High Energy Synchrotron Source (CHESS) with major support from the National Science Foundation.




