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factor is FE = € = 0.80 and the arrangement factor is FA = 1.00. As a margin of 
safety, the surface area contributed by the top of the tube is ignored. 

Figure 21.12 shows that in this application, because the value of the coefficient 
of heat transfer in free convection is low, convective heat transfer is not very much 
more significant than radiation. The radiation is, of course, governed by the arrange­
ment factor and the tube envelope emissivity. For this reason, natural convection 
cooling designs that ignore radiation are likely to be unduly pessimistic. 

21.8 TUBE SHIELDS 

The glass envelope of an electronic tube is a hindrance rather than an aid to the flow 
of heat from the tube . The glass is a very poor heat conductor and is virtually opaque 
to thermal radiation at temperatures below 400°C. Because the glass absorbs nearly 
all of the heat radiated by the contained tube elements , and because it is such a poor 
conductor, a hot spot occurs on the tube as shown in Fig. 21.13 [7]. This hot spot 
usually appears opposite the plate of the tube where the dissipation is the greatest. 
The severe tempera.ture gradient between the hot spot and relatively cool ends of the 
tube causes a thermal stress that eventually leads to the failure of the glass itself. 

The hot spot also causes evolution of gas from the inner surface of the glass 
envelope. The rate of gas evolution is proportional to the tube bulb temperature. This 
is another reason for hot spot elimination; gassy tubes will not operate with any degree 

of predictability . 
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FIG. 21.12 Graphical solution for tube bulb temperature. Points for curves 
are obtained from calculations in Table 21.1. 



:JU15 ELECTRONIC SYSTEM APPLICA T/ONS 

2.0 

:: 
gj' 
co 1 .5 

.0 


.0 '" 
::l 
~ 

1.0E 
£ 
Ql

"c: 0.5 ~ 
.!:'! 

0 


0 

140 
 160 180 200 220 240 

Surface temperature, °c 
FIG.21.13 Tube bulb temperature as a function of distance from the base of 
6AQ5 vacUum tube. (From data provided by the International Electronic 
Research Corp., Burbank, Calif.) 

Several organizations have developed tube shields that have solved the hot spot 
problem to a considerable degree. These tube shields have provided an efficient means 
of transferring heat by conduction to heat sink Or chassis, reduce the severity of the 
temperature gradient between the hot spot and tube ends, provide a greater surface 
area for heat dissipation by convection, and serve as the tUbe mounting in severe 
shock and vibration environments. 

Figure 21.14 mows some subminiature tube shields developed and marketed by 

FIG.21.14 Some subminiature tube shields. (Courtesy of International 
Electronic Research Corp., BUrbank, Calif.) 
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the International Electronic Research Corporation (!ERC). Note the silver liner 
between the tube envelope and the tube mield assembly. 

Tube mields for miniature and octal tubes are shown in Figs. 21.15 and 21.16. 
Also shown are spring liners that · adapt themselves to variations in tube envelope 
contour to maintain maximum contact between envelope and shield. 

Typical test results [8], on a 12BY7 thennatron tube dissipating 10 Ware shown 
in Fig. 21.17. These data were provided by IERe and show tube bulb temperature 
as a function of air velocity. These are forced convection tests showing that when 
these tubes were equipped with JAN·type tube shields, the tubes actually ran hotter 
than with no shield at all. 

The reader mould not infer that a tube shield is a cure-all for problems of high 
tube bulb temperature. Tube mields are helpful only when selected judiciously. Figure 
21.17 shows that the lowest tube bulb temperature is obtained with a tube shield. 
These test data indicate that some shields under natural convection conditions operate 
at a cooler temperature than a bare tube at a 150 m/min air velocity. Figure 21.18, 
also based on valid test data [9], shows that the lowest bulb temperature is obtained 
with no shield at all. This difference in results is due to the different tube shields 
used, mowing that the designer must exercise care in the selection and utilization of 
the tube mield. 

FIG.21.15 Some miniature tube shields. (Courtesy ofInternational Electronic 
Research Corp., Burbank, Calif.) 
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FIG.21.16 Some octal tube shields. (Courtesy of International Electronic 
Research Corp., Burbank, Calif.) 

21.9 FORCED CONVECTION COOLING 

OF VACUUM TUBES 


21.9.1 Vacuum Tubes in Cross Flow 
In Chap. 6, a reference was made to a correlation due to Hilpert [lOT for air flowing 
across single cylinders: 

Nu =B(Ret (21.9) 

where the values of Band n depend on a range of values of the Reynolds number. 
These values were given in Table 6.1. 

Robinson et a1. [11] have proposed a modification to Eq. (21.9) when the 
cylindrical heat sources that are encountered in electronic equipment are considered: 

Nu =FB(Ret (21.1 0) 

The factor F is an arrangement factor depending on the cylinder geometry. This 
factor permits utilization of the correlation for the flow of air across a single cylinder. 
Values of F are given in Table 21.2. 

Robinson et al . [11] have further proposed values ofBand n that yield a curve 
identical to that obtained using Table 6.1. These values of Band n are in the more 
limited range of 1,000';;;; Re .;;;; 100,000 and are given in Table 21.3. 
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FIG.21.17 Test results for a l2BY7 thermatron tube. (From data provided by 
International Electronic Research Corp., Burbank, Calif.) 
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FIG.21.18 Downwind bottom bulb temperature for seven pin miniature tubes 

in cross flow [9] . 






