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Abstract

Forced-air cooling has been evaluated as an alternative to water cooling for coaxial couplers. Although forced-air
cooling removes heat at a slower rate than water cooling, it has the two following advantages. First, the corrosion or
erosion-corrosion risk is remarkably low. Next, the cooling fluid is the same air as the medium filling the coaxial line.
Therefore, a T-shaped or cross-shaped stub structure used for introducing the cooling water to the inner conductor
becomes unnecessary. As a result, the frequency band of RF power transmission can be widened. In terms of broadband,
it is especially expected to be applied to HOM couplers. As one practical application, we have designed a forced-air-
cooled coaxial antenna coupler usable as the parasitic mode damper for the ARES cavity reused in SuperKEKB following
KEKB. The ARES cavity is a three-cavity system operated in the 7/2 mode, where an accelerating cavity is coupled with
an energy storage cavity via a coupling cavity in between. The parasitic mode damper is attached to the coupling cavity
to damp the 0 and  modes at both sides of the m/2 mode in frequency domain. In this paper, we report the RF design and
thermal performance of the forced-air-cooled parasitic mode damper.
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Figure 1: Water-cooled coaxial antenna coupler currently
used as the parasitic mode damper attached to the coupling
cavity of the ARES cavity system.
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Figure 2: Direct water-cooling circuits for the RF window
where the inner and outer molybdenum backup rings are
exposed to water.
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Figure 3: Indirect water-cooling of the RF window where
the molybdenum backup rings are kept away from water.
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Table 1: Physical Properties and Dimensionless Numbers
Used for Cooling Performance Estimation of Water or Air
Flowing through the Concentric Tube Annulus inside the
Inner Conductor of the Coaxial Coupler

Water Air
Fluid Temperature [K] 300 300
Volume Flow Rate [L/min.] 4 60
Fluid Velocity um [ms™'] 0.049 0.74
Hydraulic Diameter Dy [m] 0.026 0.026
Ki tic Vi ity [ 2g
fematie ‘scfis”y [m®s™ 1 ¢ sgx107 | 1.59x10°
Specific Heat ¢, [J kg K] 4.18x10° 1.01x10°
Density [0 [kg m3] 9.97x10? 1.16
Th 1 Conductivit
er;na [Wor?l_f;_llgl Y 6.18x10" | 2.64x102
Th 1 Diffusivit
e‘;na [mlz S‘_lf]m Y 1.48x107 | 2.25x10°
R lds Numb
P 1.48x10° | 121x10°
= Um DH
Laminar Flow
o o
(Re < 2300)
Nusselt Number Nu
4.99 4.99
(Uniform Heat Flux)
Heat Transfer Coefficient
1.19x10? 5.07
h=Nuk/Dy [Wm?K'] x
Pr?;lrdil I;‘EE“ 580 | 7.07x10"
Graetz Number Gz
Gz! =x/(Du Re Pr) 6.72x10% | 6.74x107
(x=0.15m)
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Figure 4: External view of the forced-air-cooled coaxial
antenna coupler.
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Figure 5: Exploded cutaway view of the force-air-cooled
coaxial antenna coupler.
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Figure 6: Heat distribution inside the coaxial coupler given
as input to the thermal fluid simulation.
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Figure 7: Streamline plot visualizing the cooling-air flow.
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Figure 8: Velocity distribution of the cooling air.
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Figure 9: Pressure distribution of the cooling air.
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Figure 10: Temperature distribution of the coaxial coupler
and cooling air.

80

- ¢ T@)
" T2
70 T(@3)
IS x T4
65 o « T(5)
— T(6)
P 60 T(7)
g s °
% u]
50 4
g : é
Q
& s & f
4 @
40 e
35
30
0 02 0.4 06 0.8 1

Volume Flow Rate [L/s]

Figure 11: Temperatures at the points indicated by arrows in
Fig. 10 are plotted as a function of volume flow rate of the
cooling air.
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