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Heat load calculation: methodology

• Heat Load estimated for three different temperature levels: 

External Shield: 40-80 K Internal Shield: 5-8 K Cavity Environment: 2 K

• Static Heat Load calculation at 5-8 K and 40-80K

• Stable flow

• Calculate heat loads from flow and delta enthalpy

• Static Heat Load calculation at 2K

• Stable flow, turn off magnets and RF, subtract heaters

• For XFEL linac, heat loads from flow and delta enthalpy

• For single cryomodules in the AMTF hall, cold flowmeters at 2K not very precise, use warm flowmeter after compressor, 

close the JT valve and measure amount of evaporated LHe at constant pressure. (no losses from 2KR lines).

• Dynamic Heat Load calculation at 2K

• Same method as static measurement, with RF 

• Subtract static component from total value
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For the single cryomodules and the XFEL linac

ሶ𝑸𝒔,𝟓/𝟖𝟎𝑲 = ሶ𝒎∆𝒉 = ሶ𝒎(𝒉𝒐𝒖𝒕 𝑝𝑜𝑢𝑡 , 𝑇𝑜𝑢𝑡 − 𝒉𝒊𝒏 𝑝𝑖𝑛, 𝑇𝑖𝑛 )

ሶ𝑸𝒅,𝟐𝑲 = ሶ𝑸𝒕𝒐𝒕𝒂𝒍,𝟐𝑲 − ሶ𝑸𝒔,𝟐𝑲

ሶ𝑸𝒔,𝟐𝑲(𝑨𝑴𝑻𝑭) = 𝑳 ሶ𝒎 𝐋 = 23.06 ൗ𝐽 𝑔@ 2 𝐾 , 30 𝑚𝑏𝑎𝑟

ሶ𝑸𝒔,𝟐𝑲(𝑿𝑭𝑬𝑳) = ሶ𝒎∆𝒉 = ሶ𝒎(𝒉𝒐𝒖𝒕 𝑝𝑜𝑢𝑡 , 𝑇𝑜𝑢𝑡 − 𝒉𝒊𝒏 𝑝𝑖𝑛, 𝑇𝑖𝑛 )
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Static and dynamic heat loads measured in AMTF

• Three test stands available for cold test of single XFEL cryomodules

• Average value of all 103 tested cryomodules at the three test stands (2014 – 2015)

• 2K dynamic loads value at average cavity gradient of 23 MV/m 

• More information: T Böckmann et al 2017 IOP Conf. Ser.: Mater. Sci. Eng. 278 012184
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40/80 K, 5/8 K and 2 K circuits 

Circuit
Average Heat Load 

per cryomodule (W)

40/80 K Static 92,7 W

5/8 K Static 10,6 W

2 K Static 5,6 W

2 K Dynamic 4,2 W
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XFEL overview

XTL, 3 strings

L1 - 4 cryomodules 1.3 GHz

L2 - 12 cryomodules 1.3 GHz

L3 - 80 cryomodules 1.3 GHz

Injector, 1 string

1 cryomodule 1.3 GHz

1 cryomodule 3.9 GHz
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From the point of view of the heat load calculations

Distribution Box

XLVB

XRTL Cryo Plant

Building 54

Distribution Box

XLVB

XFEL Shaft

Distribution Box

XLVB

FB

3.9 GHzCM FCEC

Injector

AMTF

Warm

He-Pumps

connection foreseen

for a second injector

Distribution Box

XIVB

Cold Compressors

CB44

Only in case CC out of

order, no RF operation

L1 L2 L3

Main LinacXLTL1 XLTL3XLTL2

4 CMsFC EC 12 CMsFC EC 12 CMsFC SCB 8 CMs ECSCB



Page 6

XFEL static heat loads at 40-80K, 5-8K and 2K

• Measurement performed for the entire linac

• It includes transfer lines, cryogenic boxes and caps

• The values are an average on different time periods in 2017 and 2020

• Average heat load per cryomodule is approximate calculation

• it includes the transfer lines XLTL1, XLTL2, XLTL3, the feed and end caps and string connection boxes

• results are conservative values

• Choice of thermal sensors verified with different methods

• More information: T. Y Bozhko et al 2017 IOP Conf. Ser.: Mater. Sci. Eng. 278 012100
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Measurement at the XLVB box

Circuit

(at XLVB)

Total heat load (W) 

2017

Total heat load (W) 

2020

Average heat load

/ cryomodule (W)

40/80 K Static 9720 W 9750 W ~ 102 W

5/8 K Static 795 W 775 W ~ 8 W

2 K Static 579 W 630 W ~ 7 W
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XFEL dynamic heat loads at 2K

•
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ሶ𝑸𝒅,𝟐𝑲 = ሶ𝑸𝒕𝒐𝒕𝒂𝒍,𝟐𝑲 − ሶ𝑸𝒔,𝟐𝑲 (𝟔𝟑𝟎𝑾)

Year of 

measurement

Dynamic Heat 

Load, W

(14 GeV)

Dynamic Heat 

Load, W

(16.5 GeV)

2017 427 W 627 W

2020 403 W 612 W
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Summary

Average value of single cryomodules
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Static and Dynamic heat loads at XFEL linac

Total values for the XFEL

Circuit AMTF XFEL linac

40 – 80 K 

static
92,7 W 102 W *

5 – 8 K 

static
10,6 W 8 W *

2 K  

static
5,6 W 7 W *

2K  dynamic 4,2 W

Circuit Static
Dynamic 

(14 GeV) (16.5 GeV)

40 – 80 K 9750 W - -

5 – 8 K 775 W - -

2 K 630 W 403 W 612 W

* conservative values, include ECs, FCs, TLs
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