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2.0  Cooling studies with a single tube, using single-phase   
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2.1  Characteristics of the cooling unit, and coolants. 
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2.2  Cooling Pipe description and measurements
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FIGURE 1.  Drawing of the single cooling pipe used for cooling power measurements.

 

3.0  The use of a inlet and outlet manifold. 
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TABLE 1. Measurements of the cooling power of an aluminium cooling tube as described in the text and 
Figure 1. Shown in brackets are the flow rates for leakless cooling (column 5) and of theoretical 
simulations (column 7).
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FIGURE 2. Photograph of 8-fold inlet manifold used for heat load studies. (a) shows the source manifold of 
internal diameter 12 mm, and (b) shows the full manifold after the addition of rubies for 
evaporative measurements [6].

 

a)

b)



 

INDET-NO-draft

 

Status Report on Cooling ....

 

6

 

  

 

 

 

FIGURE 3.  Measurements of the input and output temperatures for an 8-fold manifold.
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TABLE 2. Measurements of the temperature at tube inlet and outlet for the 8-fold manifold. The larger 
temperature difference, as compared with Table 1, is due to a reduced flow rate (15 l/hr).
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4.0  Module construction and performance.
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FIGURE 4. Photograph of single-module test stand, with the silicon-TPG module C-4 attached.

 

4.2  Thermal module prototypes - Cu plates -construction and results.

 

FIGURE 5.  Schematic of the Cu-based thermal modules used for the full-length prototype tests.
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TABLE 3. Test of uniformity of the 12 Cu-based thermal modules. The reproducibility of 
successive modules is maintained to within the temperature measurement granularity.
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TABLE 4. Temperature comparison of a Cu thermal module with a single heater element on the surface of 
1.5 mm plate (A) and sandwiched between 2 plates of 0.7 mm (B). The coolant was C
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C and flow 48.5 l/hr. The ambient temperature was ~ -11 
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C, and 
the ‘hybrid’ was powered with a heat load of 4 W. 
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4.3  TPG-based thermal prototypes

 

FIGURE 6. Layout and dimensions of the thermal module using all the materials of the base-line 
design. Also shown are the locations of PT100 sensors on the module.

FIGURE 7. Glue layout (as obtained from RAL) for the araldite gluing of the TPG centre-piece to 
each silicon sensor
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Common elements

• dumm y silicon sensor s of e xact base-line dimension
• TPG inser t of base-line dimension and thic kness
• BeO hybrids of base-line design,  fi tted with 6 heater
   chips on eac h hybrid
• BeO cooling contact and mec hanical suppor t
• heater b lanket on upper side (e xcepting module C-4)

C-1 � ¨ © ª « ¬ ¬ ¨ ­ ® « ¯ ° ± ² � � � ³ ¨ ´ ³ µ ¶ ³� · ¸ ª ¨ ­ ª ³ « ´ · ¹ ¶ ¹ ¸ ­ « ¯ ¨ � � � � ® « ¯ ° ´ µ º ¸ ¸ ¨ ¶ » ´ µ ¼ « ´ ¹ ¸ ¯ ° « ½ ¾ �´ ¨ ³ ³ µ ¿ � �

 

µ ¼ À

 

C-2 � ¼ ¨ ½ ° ¹ ´ « ½ ¹ ¸ ¼ µ ­ ª ¸ ¨ » ´ µ ¯ ¨ © ª « ¬ ¬ ¨ ­ ® « ¯ ° ° Á Â ¶ « ­ » ° ¨ ¹ ¯ ¨ ¶¬ ¹ ­ ³ » µ ¶ ± ² � � � ³ ¨ ´ ³ µ ¶ ³� · ¸ ª ¨ ­ ª ³ « ´ · ¹ ¶ ¹ ¸ ­ « ¯ ¨ � � � � ® « ¯ ° Ã Ä � � � Å º ¸ ¸ ¨ ¶ � ³ ª ¬ ¬ ¸ « ¨ ­Â Á Æ � Ç � ® « ¯ ° ¬ ¶ µ ¬ µ ¶ ¯ « µ ´ � � � · ¼ ¶ ¨ ³ « ´ À � � � · ¼ ° ¹ ¶ ­ ¨ ´ ¨ ¶ À� � � · ¼ Ã Ä� · ¸ ª ¨ ¯ ° « ½ ¾ ´ ¨ ³ ³ ´ µ ¼ « ´ ¹ ¸ � �

 

µ ¼

 

C-3 � ¨ © ª « ¬ ¬ ¨ ­ ® « ¯ ° ± ² � � � ³ ¨ ´ ³ µ ¶ ³� · ¸ ª ¨ ­ ª ³ « ´ · ¹ ¶ ¹ ¸ ­ « ¯ ¨ � � � � ® « ¯ ° Ã Ä � � � Å º ¸ ¸ ¨ ¶ � ³ ª ¬ ¬ ¸ « ¨ ­Â Á Æ � Ç � ® « ¯ ° ¬ ¶ µ ¬ µ ¶ ¯ « µ ´ � � � · ¼ ¶ ¨ ³ « ´ À � � � · ¼ ° ¹ ¶ ­ ¨ ´ ¨ ¶ À� � � � Ã Ä� · ¸ ª ¨ ¯ ° « ½ ¾ ´ ¨ ³ ³ µ ¿ � �

 

µ ¼ µ ´ ¸ µ ® ¨ ¶ ³ « ­ ¨ Â ª ¯ Â ¨ ½ ¹ ª ³ ¨ µ ¿· ¸ ª ¨ È « ³ ½ µ ³ « ¯ Á ® ¹ ³ � �

 

µ ¼ µ ´ ª ¬ ¬ ¨ ¶ ³ « ­ ¨

 

C-4 � ¨ © ª « ¬ ¬ ¨ ­ ® « ¯ ° ± ² � � � ³ ¨ ´ ³ µ ¶ ³� · ¸ ª ¨ ­ ª ³ « ´ · ¹ ¶ ¹ ¸ ­ « ¯ ¨ � � � � ® « ¯ ° Ã Ä � � � Å º ¸ ¸ ¨ ¶ � ³ ª ¬ ¬ ¸ « ¨ ­Â Á Æ � Ç � ® « ¯ ° ¬ ¶ µ ¬ µ ¶ ¯ « µ ´ � � � · ¼ ¶ ¨ ³ « ´ À � � � · ¼ ° ¹ ¶ ­ ¨ ´ ¨ ¶ À� � � � Ã Ä� · ¸ ª ¨ ¯ ° « ½ ¾ ´ ¨ ³ ³ µ ¿ � �

 

µ ¼ µ ´ ¨ ¹ ½ ° ³ « ­ ¨

 

C-5 � ª ´ ­ ¨ ¶ ½ µ ´ ³ ¯ ¶ ª ½ ¯ « µ ´� ­ ª ¼ ¼ Á ³ « ¸ « ½ µ ´ ¶ ¨ ¬ ¸ ¹ ½ ¨ ­ Â Á « ¶ ¶ ¹ ­ « ¹ ¯ ¨ ­ Â ¹ ¶ ¶ ¨ ¸ ­ ¨ ¯ ¨ ½ ¯ µ ¶ ³� É Å Ê Ë �� µ ¯ ° ¨ ¶ ® « ³ ¨ ¹ ³ ¿ µ ¶ É � �

 

TABLE 5. Description of TPG-based thermal modules.
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FIGURE 8. Comparison between TPG module C-1, the fully equipped Cu- module A-1, and module A-5 on 
the full length prototype. 
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FIGURE 9.  Measurements of the temperature at positions 1,3,5 and 7, for the TPG thermal modules C-1, 
C-3 and C-4, assuming a detector power of 1W. The measurements are as described in Table 6. 
A significant variation of temperature, for the modules, is evident.
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FIGURE 10.  Dependence of C-4 module temperature on ambient air temperature for an input coolant 
temperature of -15 
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C, and nominal heat dissipation of 4 W (hybrid) and 0.5 W (sensor).
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TABLE 7. Temperature profile of the Cu test module, and modules C-1 and C-4. T Ñ Ò Ó Ô Õ Ö × Ø Ù Ú
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4.4  Mechanical measurements of a silicon-TPG sandwich.

 

FIGURE 11.  Schematic of the mechanical barrel module, with the measurement points 20-22 and 100-107 
shown.
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TABLE 8. The effect on the module temperature of changing the ambient air temperature, for an ~ fixed 
input coolant liquid, and coolant pressure. Sensor 1 is closest to the cooling contact.
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4.5  The Full Length Prototype Support Structure.
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TABLE 9. Measured position of barrel module C-2 before and after temperature cycling (July 1998).
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FIGURE 12. Photo of support structure, showing a detail of the bracket and oval cooling tube, and a Cu- 
based module attached to a 2nd bracket. 

FIGURE 13.  Full length prototype, fully equipped with one row of Cu-based thermal modules
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FIGURE 14.  Temperature recorded on sensor #5 of each of 12 Cu- thermal modules described above, 
attached to brackets of the full length prototype structure.

7 8 9 @ 9 E 9 @ B < A @ @ 8 ; K D > 9 S : 9 < < 9 > A B > = M ; E N = A G ; M A 8 9 N ; C B < 9 A 9 N J 9 E D A B E 9 Q y ; C B < 9 @ D A A D : 8 9 C = > A 8 9
8 = ? 8 J ; @ = A = ; > 8 D I 9 D A 9 N J 9 E D A B E 9 C = M M 9 E 9 > : 9 K = A 8 E 9 @ J 9 : A A ; A 8 9 A B F 9 ; M v Q h ` ~ V O K = A 8 D > E N @
@ J E 9 D C ; M ; > < G q Q ] h ~ V Q y ; C B < 9 @ D A A D : 8 9 C = > A 8 9 < ; K J ; @ = A = ; > 8 D I 9 D N 9 D > A 9 N J 9 E D A B E 9 ; M i Q p i

~ V O D C = M M 9 E 9 > : 9 ; M q Q h u ~ V O K = A 8 D > E N @ @ J E 9 D C ; M q Q [ v ~ V Q H = I 9 > A 8 9 J E 9 I = ; B @ N ; C B < 9 L A ; L N ; C B < 9
: ; N J D E = @ ; > O A 8 9 A 9 N J 9 E D A B E 9 @ J E 9 D C = @ D @ : E = F 9 C A ; C = M M 9 E 9 > : 9 @ ; M A 8 9 8 9 D A : ; > A D : A Q

Y A D F = < = A G ; M A 8 9 N ; C B < 9 J ; @ = A = ; > M ; < < ; K = > ? A 9 N J 9 E D A B E 9 : G : < = > ? Q
f > A 8 9 9 S = @ A = > ? F D @ 9 L < = > 9 F D E E 9 < C 9 @ = ? > O A 8 9 < ; > ? = A B C = > D < A 9 N J 9 E D A B E 9 9 S J D > @ = ; > : ; 9 M a : = 9 > A ; M A 8 9
; I D < D < B N = > = B N A B F 9 s ] ` J J N w ~ V l = @ @ = ? > = a : D > A < G C = M M 9 E 9 > A M E ; N A 8 D A ; M A 8 9 N ; C B < 9 O K = A 8 ]
N ; B > A = > ? J ; = > A @ M E ; N D | 9 � F D @ 9 J < D A 9 s h J J N w ~ V l N ; B > A 9 C ; > D : D E F ; > a F E 9 F E D : _ 9 A D > C D >
; I 9 E D < < @ B J J ; E A @ A E B : A B E 9 K 8 = : 8 8 D @ D V 7 m ; M } [ J J N w ~ V Q
f A = @ A 8 9 E 9 M ; E 9 = N J ; E A D > A A ; 9 > @ B E 9 O C B E = > ? K D E N L B J D > C : ; ; < L C ; K > O A 8 D A A 8 9 A B F 9 N ; I 9 N 9 > A
C ; 9 @ > ; A = > A E ; C B : 9 D > B > : ; > A E ; < < 9 C N ; C B < 9 N ; I 9 N 9 > A Q x E 9 < = N = > D E G E 9 @ B < A @ O K 8 = : 8 N B @ A F 9 E 9 L
J 9 D A 9 C K = A 8 F 9 A A 9 E J E 9 : = @ = ; > O = > C = : D A 9 A 8 D A A 8 = @ = @ A 8 9 : D @ 9 Q
7 8 9 : ; ; < = > ? A B F 9 s < 9 > ? A 8 [ Q i ] N l O K 8 = : 8 K D @ N ; B > A 9 C ; > A 8 9 : D E F ; > a F E 9 F E D : _ 9 A @ D @ = > c = ? B E 9
v Q f A K D @ a S 9 C D A A 8 9 : ; ; < D > A = > < 9 A @ = C 9 O D > C < 9 M A M E 9 9 A ; N ; I 9 < ; > ? = A B C = > D < < G D A A 8 9 ; A 8 9 E 9 > C O D @ = >
A 8 9 Y V 7 9 > ? = > 9 9 E = > ? C 9 @ = ? > Q W A ; A D < ; M [ ] N ; C B < 9 @ K 9 E 9 N ; B > A 9 C ; > A 8 9 @ A E B : A B E 9 O = > A 8 9 E N D <
: ; > A D : A K = A 8 A 8 9 : ; ; < = > ? A B F 9 Q 7 8 9 < ; > ? = A B C = > D < J ; @ = A = ; > ; M A 8 9 9 > C N ; C B < 9 O D > C ; M A 8 9 D < B N = > = L
B N N ; I 9 N 9 > A O K D @ N 9 D @ B E 9 C = > @ B : : 9 @ @ = I 9 A 9 N J 9 E D A B E 9 : G : < 9 @ O D @ @ 8 ; K > = > 7 D F < 9 [ [ Q { = A 8 = >
A 8 9 N 9 D @ B E 9 N 9 > A D : : B E D : G O A 8 9 E 9 K D @ > ; N ; C B < 9 N ; I 9 N 9 > A O D < A 8 ; B ? 8 A 8 9 E 9 = @ @ ; N 9 9 I = C 9 > : 9 ; M
D E 9 C B : 9 C 9 M M 9 : A = I 9 V 7 m M ; E A 8 9 A B F s J ; @ @ = F < G C B 9 A ; C = M M 9 E = > ? < = R B = C D > C A B F 9 A 9 N J 9 E D A B E 9 @ l Q
7 8 = @ E 9 @ B < A N B @ A F 9 : 8 9 : _ 9 C K = A 8 = N J E ; I 9 C D : : B E D : G ; > D < ; > ? L A 9 E N F D @ = @ O B @ = > ? A 8 9 a > D < : ; ; < L
= > ? C 9 @ = ? > Q f > J D E D < < 9 < O D A A 9 N J A @ K = < < F 9 N D C 9 A ; E 9 C B : 9 A 8 9 V 7 m ; M A 8 9 D < B N = > = B N A B F 9 Z T \ Q



 

INDET-NO-draft

 

Status Report on Cooling ....

 

20

 

  

 

 

 

Coolant                   C

 

4

 

F

 

10

 

Flow rate                48 l/hr

    

∆∆∆∆

 

P                           327 mbar
T (freezer)               -11.1

 

 o

 

C

    

∆∆∆∆

 

T (in - out)            -1.76 

 

o

 

C

Module # and 
orientation T 

 

o

 

C (sensor 5)

    

∆∆∆∆

 

T (tube-sensor)

 

 o

 

C 
(linear corrected)

² � � � � � � � �
� � � � � � � � � � � �
� � � Ç � � � � � � � � �
� � � � � � � � � � � � �
� � � Ç � � � � � � � � �
� � � � � � � � � � � � �
� � � Ç � � � � � � � �
� � � � � � � � � � � � �
� � � Ç � � � � � � � � �
� � � � � � � � � � � � �
� � � � Ç � � � � � � � �
� � � � � � � � � � � � � �
� � � � Ç � � � � � � � � �
² � � � � � � � �

 

<

    

∆∆∆∆

 

T (high)>    6.42

 

 o

 

C     rms 0.24 

 

o

 

C
<

    

∆∆∆∆

 

T (low)>     5.95

 

 o

 

C     rms 0.16 

 

o

 

C

 

TABLE 10. Temperature measurement of 12 Cu-based thermal modules attached to the support structure of 
the full length prototype.
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TABLE 11. Measurements of the distortion in module position induced by temperature 
variations.
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