650 MHZ CRYOMODULES FOR PROJECT X AT FERMILAB — REQUIREMENTS AND CONCEPTS*

Abstract

Cryomodules containing 650 MHz superconducting
niobium RF cavities and associated components (input = Cw
couplers, tuners, instrumentation, etc.) will be developed
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Table 1. Estimated heat loads
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for Project X, a high intensity proton accelerator facility 2 5160 MeV
based on an H- linear accelerator at Fermilab. This paper |

describes the requirements of the 650 MHz cryomodules
and the implications of those requirements for the cryo-

module design. Cryomodule string segmentation, inte-  omodules.
gration with the cryogenic system, features for maintain-
ability and access, piping and emergency venting consid- 3 &
erations, pressure vessel issues, and thermal and me- : **
chanical design concepts will be described.
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INTRODUCTION

Project X will be a multi-MW proton accelerator facil-
ity based on an H- linear accelerator using superconduct- |
ing RF technology. [1] The Project X 3 GeV CW linac L7
will employ 650 MHz cavities [2] to accelerate 1mA of 17 o
average beam current of H- in the energy range 160 — 4

3000 MeV. We describe the requirements of the 650
MHz beta = 0.9 cryomodules (see Figure 1) and implica- ||3H.“I~+

tions of those requirements for the design concepts.

The baseline design concept includes cryomodules
closed at each end, individual insulating vacuums, with
warm beam pipe and magnets in between cryomodules

650 MHz

0.16-3 GeV

Figure 1. Project X incorporates six types of cryomodules, shown in this
map. This paper describes the requirements for 650 MHz, beta = 0.9 cry-

»<— Pulsed —= 650 MHz
most heat (no mulitplier) beta = 0.9
1.3 GHz
-8 GeV 2 K, per cavity (W) 26

2 K, per cryomodule (W)| 208

5 K, per cryomodule (W) 34

70 K, per cryomodule (W)| 436
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PIPE SIZING AND SEGMENTATION
The combination of large steady-state heat loads and strin-
gent venting requirements at the 2 K level combine to dic-
N tate rather large diameter 2 K pipes and short distances be-
tween relief valves. For heat transport from the RF cavity to
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e a 2-phase pipe (if a closed helium vessel and 2-phase pipe
are utilized as 1illustrated in Figure 3), 1 Watt/sq.cm. 1s a
L conservative rule for maximum heat flux through helium II
for a vertical pipe [4, 5]. The critical heat flux for a non-
vertical pipe connection from the helium vessel to the 2-
phase pipe may be considerably less than 1 Watt/sq.cm.
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Figure 3. 650 MHz beta = 0.9 cryomodule schematic
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Configurations other than vertical require analysis to verify
that the anticipated heat flux 1s less than the critical heat

Figure 2. 650 MHz beta = 0.9 cryomodule (HE650) lattice spacing [3]. Di-  flux.

mensions, in mm, are effective RF and magnetic field lengths, which for The two phase pipe size and/or helium vessel vapor space
cavities is approximately end iris to end iris distance. HE650 refers to the

20 beta = 0.9 cryomodules. Large rectangles represent RF cavities.

must accommodate a 5 meters/sec vapor “speed limit” over
liquid [6]. No downward dips or features of the 2 K vapour

piping which could trap liquid as a separate bath from the main 2 K bath are per-
mitted.

During loss of vacuum venting, pressure in the helium vessel of the dressed cav-
ity must be less than the cold maximum allowable working pressure (MAWP) of
the helium vessel and dressed cavity. The cold dressed cavity MAWP will be
about 4 bar differential. A heat flux as high as 4 Watts/sq.cm. of cavity surface
area could result from sudden loss of beam vacuum to air, with a resulting helium
flow rate of kg per second to be removed at low pressure. The resulting pressure
drops versus number of cavities for a few pipe sizes are shown in Figure 4.
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Figure 4. Loss of cavity vacuum to air — venting pressure drop in 2-phase pipe
(differential pressure)

CONCLUSION

Due to the desirability of short cryogenic pipe lengths, short 2 K liquid distances
for managing liquid level control, frequent vent line spacing, and other advan-
tages such as warm magnets and instrumentation between cryomodules, the base-
line cryomodule design selected 1s a closed, stand-alone cryomodule with connec-
tions to an external, parallel transfer line (Figure 3).
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