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µ-Intro
• Heat load into He-II of the new UCN source 

• 𝛾-heating and 𝛽-heating during p-beam irradiation - 10 W at 20kW p-beam 

• Static heat load - thermal conduction and radiation
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Crucial features

• Heat transport in He-II and heat exchanger
• Detailed calculations
• Measurements at KEK

• LD2 safety
• UCN production/heat load

• Heavily optimized with MCNP

Upgraded source is being designed right now

Wolfgang Schreyer – CIPANP 2018

2.5 m

← Today’s topic



Heat path

4 heat paths:

(1) Helium vapor (Thermal conduction)

(2) UCN guide (Thermal conduction)

(3) Radiation (from downstream and 10K shield)

(4) Spacers

(5) Film flow?

UCN bottle & guide

geometry based on CDR (Fig.7.4)
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Thermal conduction - Fourier’s law
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Figure 1: Geometry of the UCN guide and the positions of the temperature sensors in the
vertical UCN source. Device names are same as defined in PLC/EPICS.

2.2 Heat Flux Calculation

Thermal conduction via viscous gas is written as follows (Fourier’s law).

q = �

dT

dx

(2)

where q is the heat flux per unit area,  is the thermal conductivity of gas, T is the gas
temperature and x is the position of gas.

If we consider thermal transport via an object with length L, cross sectional area A, and
temperature gradient from T2 at x = 0 to T1 at x = L (T1 < T2), Eqn.(2) can be integrated
as follows. Z L

0
qdx = qL = �

Z T1

T2

dT (3)

Therefore, total heat transport through this object is

Q̇ ⌘ qA =
A

L

Z T2

T1

dT (4)

This means if we know the integration value of thermal conductivity, we can obtain total
heat transport Q̇ without knowing temperature in between.

Figure 1 shows the geometry of the UCN guide of the vertical UCN source. We take the
coordinate x along the central axis of the UCN horizontal guide and the coordinate z along
the central axis of the UCN vertical guide. Temperature sensors are also shown in Figure 1.
TS15, TS19, TS20, TS21 and TS22 are their name, as defined in PLC/EPICS. TS15 is a
Cernox sensor, and the other sensors are platinum. IV1 is the UCN valve. The temperature
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Cross sectional Area: A

T1 T2

x = 0 x = L

If we know the integral of conductivity, dT/dx is not needed.

Q (=qA)・

(Data of the integral of conductivity from HEPAK and P. Duthil, arXiv:1501.07100)
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(1) Thermal conduction - 4He gas

Case 1: Tgas=10K at point (3), 1.2K at point (4)

Q(3→4) = (A/L)∫  kdT = 
.

1.2

10

Q(1→4) = (A/L’)∫  kdT = 
.

1.2

300

5.4 mW

233 mW
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(4)
(3)(1) (2)

(1) 300K

(2) 80K

(3) 10K

(4) 1.2K

Case 2: Tgas=300K at point (1), 1.2K at point (4), unknown at (2) & (3)

(Good heat exchange between 4He gas & guide)

(No heat exchange between 4He gas & guide)



(2) Thermal conduction - Guide

UCN guide ID=100mm, OD=102mm (1mmt)

Q(3→4) = (A/L)∫  kdT = 
.

1.2

10
10 mW

Q(2→3) = (A/L’)∫  kdT = 
.

10

80

218 mW

Q(1→2) = (A/L’’)∫  kdT = 
.

80

300

2.52 W
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(4)
(3)(1) (2)

(1) 300K

(2) 80K

(3) 10K

(4) 1.2K

Heat load from point (3) to (4) via guide

Heat load from point (2) to (3) via guide

goes to He-II

goes to HEX4

Heat load from point (1) to (2) via guide goes to HEX5



I
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XIV XV

X

10K

anchor

80K

anchor

Vacuum

chamber

150cm (15cmx10)

UCN

valve

Foil 1.2K region

Region T [K] ε Reflection

I 1.2 0.1 Mirror

II 4 0.1 Mirror

III 10 0.1 Mirror

IV 20 0.1 Mirror

V 40 0.1 Mirror

VI 60 0.1 Mirror

VII 80 0.1 Mirror

VIII 170 0.1 Mirror

IX 250 0.1 Mirror

X 300 0.1 Mirror

XI 300 0.1 Mirror

XII 300 0.1 Mirror

XIII 300 0.1 Mirror

XIV 300 0.1 Mirror

He-II

10K anchor

foil

80K anchor

Vacuum chamber

UCN valve (open: 
no facet here)

(1) Default: 536 mW
(2) ε = 0.2 for all the surfaces: 304 mW
(3) ε = 0.05 for all the surfaces: 663 mW
(4) Region I  ε = 1 & mirror: 544 mW
(5) Region I  ε = 1 & diffuse: 537 mW
(6) Diffuse for all the surfaces: 13.7 mW

UCN valve closed: set XV to T=300K, ε = 0.1, Mirror
(7) ε = 0.1 for all the surfaces: 419 mW
(8) ε = 0.2 for all the surfaces: 245 mW
(9) ε = 0.05 for all the surfaces: 476 mW

Black UCN bottle}
(unlikely)

• Smaller emissivity leads to larger radiation into He-II

• UCN bottle status (i.e. He-II emissivity) doesn’t change 

radiation

• Closing UCN valve reduces radiation (smaller solid angle 

between 1.2K region and 300K region)

 (3) Radiation - from downstream



(3) Radiation - from 10K shield to He-II

280cm30cm

15cm diam.
34cm 
diam.

48cm

Shield temperature 
[K]

Emissivity 
ε(guide) = ε(shield)

Number of SI layer 
n

Heat load [mW]

10 1 0 1.2

20 1 0 20

10 0.1 0 0.065

20 0.1 0 1.1

10 0.1 3 (ε=0.1) 0.016

20 0.1 3 (ε=0.1) 0.26

Surface area of 1.2K: 2.2x104 cm2

From 293 K point (IV1) to 223 K point (TS22),

Q̇293!223 =
A

L

Z 293K

223K
dT (12)

' A

L

Z 300K

220K
dT (13)

=
0.0002154 [m2]

0.73 [m]
⇥ (3077� 1937 [W/m]) (14)

= 0.336 [W] (15)

The other regions can be calculated similarly. From TS19 to the He-II surface, we used
Eqn.(11). The results are shown in Table 4. From TS20 to TS19, the flapper valve gives
about 100 mW heat load to the UCN guide. However, most of the heat goes to the GM
refrigerator through the thermal clamps between TS19 and TS20. As a result, the heat
transport from TS19 to the He-II surface became much smaller than that of the upper
region.

In conclusion, the heat load into He-II via the UCN guide is between 1.57 mW and
20.3 mW.

Region Temperature [K] Q̇ [mW]

IV1 ! TS22 293 ! 223 336
TS22 ! TS21 223 ! 158 184
TS21 ! TS20 158 ! 117 140

TS20 ! TS19 (1) 117 ! 28 229
TS20 ! TS19 (2) 117 ! 11 243

TS19 ! He-II surface (1) 28 ! 0.8 20.3
TS19 ! He-II surface (2) 11 ! 0.8 1.57

Table 4: Summary of the heat flux calculations for the UCN guide.

4 Radiation

Heat transport from one plane at temperature T1 to the another plane at T2 (T1 > T2) by
radiation is

q = �(T 4
1 � T

4
2 ) (16)

where � is the Stefan-Boltzman constant, � = 5.67⇥10�8 Wm�2T�4. The quantity q is the
heat flux per unit area.

If the plane is not a black body, emissivity " is multiplied. Eqn.(16) is modified to:

q =
✓

"1"2

"1 + "2 � "1"2

◆
�(T 4

1 � T

4
2 ) (17)

In many cases, super-insulation is inserted between the two planes to reduce radiation.
If the emissivities of all the surfaces are same,

q =

 
"

(n+ 1)(2� ")

!

�(T 4
1 � T

4
2 ) (18)
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(4) Spacers

Spacer

x1

3x (spacer x3)

• 10 spacers around UCN guide, and 7 spacers around UCN bottle

• Use G10 or G11 (this calculation used G10)
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Gap 28mm

rod shape spacer, ø5, L=28mm

Heat load via spacers around UCN guide: 0.42 mW/each

Total: 0.42 mW/each x10 + 0.76mW/each x7 = 9.5 mW

Spacer x7

Gap btw UCN bottle and


10K shield (vacuum separator) is 15mm.

0.76 mW/eachHeat load via spacers around UCN bottle:



Summary
Heat load 
into He-II Note V source

Conduction via 
Helium gas

5.4 mW (Tgas = Tguide) 
233 mW (Tgas ≠ Tguide)

UCN guide D=10cm 
(4inch) 31.1~50.3 mW

Conduction via UCN 
guide 10 mW

UCN guide D=10cm (4inch) 
218 mW into 10K shield 
2.52 W into 80K shield

1.57~20.3 mW

Radiation 304~663 mW from downstream 
0.016~20mW from 10K shield

Emissivity of NiP 
coating?

23.7~113? mW 
large dependence on emissivity

Spacer 9.5 mW (G10 rods)
0.42mW/spacer (around UCN guide) 
0.76mW/spacer (around UCN bottle) 

G11 may be better

(Not taken into account -
assuming very small)

Film flow? ??? ̶-

Total 329 ~ 936 mW
56~184 mW 

* 53 mW heat load during 
isopure helium recovery

• Radiation from the downstream region is pretty large.

• Lengthen cold part of the UCN guide ?

• Study effect of film flow.


