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SUBJECT: Thermal Design for Dropsonde.

MEMO TO: Mother GHOST File

FROM : V. E. Lally

Environment

The dropsonde dispenser will be at a temperature of -4 5 °  to -55°C at 
night. During the daytime it appears appropriate to maintain the tempera

ture cold so that there will be little difference in the night and day 

situation. The dropsonde will take 40 minutes to descend to the surface.

It will be in an environment with temperatures below -30 C for the first 

20 minutes of the drop. Minimum temperature may be as low as -85 C. Average 

temperature during this period will be -55 C.

Battery Requirements

Assuming a requirement of 3 watts for 40 minutes, we need a 2 watt hour 

capacity. If we consider conservatively a 1/3 drain of the maximum capacity 

during this period the requirement increases to 6 watt hours. If we further 

consider that a small battery will only be 507o efficient because the struc

ture will be a larger percentage of the system, then the basic requirement 

approaches 12 watt hours. When examining candidate battery systems, a 

12 watt hour capacity would require a 400-500 gm nicad system. A silver 

cell of less than 100 gm will be completely adequate, provided there is not 

excessive heating or gas generation for the high rate use.

Battery Compartment

If we assume that the battery will be too cold for operation at the 

time we wish to command a release, it will be necessary to heat the battery. 

Intuitively, the best design appears to have the battery separately insu
lated in the smallest possible space to provide most efficient insulation 

and the minimum heat requirement to get the battery up to working tempera
ture. If we consider that the battery has a specific heat of .2 and weighs 

100 gm, it will take 1.38 x .2 x .1 x 50 = 1 .4  watt hours to heat the b a t 

tery up 50 degrees. This heat can be provided from the carrier balloon 

power supply be providing 20 watts for five minutes. If we consider the 

battery compartment is 2 cm in diameter and 10 cm long, with 2 cm of insula

tion, the temperature drop during the 20 minutes of cold temperature will 

be approximately 20 degrees. This may be partly or completely offset by 

self-heating within the battery.

Component Compartment

Consider a component compartment with an inner width of 6 cm, length 

of 24 cm, with 2 cm insulation. The heat loss will be .15 watts per degree 

temperature differential. If a material such as isopropyl ether is used as 

a thermal sink the component compartment can be kept at temperatures which 

will never go below -60°C on the way d o w n e By using a material with such
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a cold freezing point we can be sure that the material does not freeze 

even on the coldest night. As the dropsonde goes down through the colder 

atmosphere the isopropyl ether will begin to freeze. After 15 minutes of 

drop it will be in warmer temperatures and will begin to melt. Fifteen grams 

of this material will be sufficient to prevent the system running colder than 

-60 C. A  larger amount of material may be required to prevent the dropsonde 

from getting too warm as it approaches the ground. Sufficient material 

should be used to maintain temperatures below -30 C so the entire electronic 

systems can be designed for proper operation in the range from -30 to -60 . 

The material to be used can be contained in long thin tubes, .15 cm in radius. 

Ten such "straws'1 would suffice, located around the circumference of the 

component compartment.

There is an alternative to using a larger amount of isopropyl ether 

to prevent the dropsonde from getting too warm late in the flight on a day

time flight. A n  additional 15 gm of another material which will freeze at 

-30 C can be used. This material will always be frozen at altitude day or 

night and will remain frozen until the isopropyl ether is entirely melted 

as temgerature rises to -30 . The second material will hold the temperature 

at -30 for the remainder of the flight. By clever design using two liquids 

freezing at different temperatures in separate containers, we may be able 

to hold the temperature change even closer than -30 .

Summary

The above is a rough concept of a means of providing a warmer battery 

with the least energy requirements, and to maintain the electronic components 

at relatively cold temperatures. This concept will permit both day and 

night drops provided the dispenser is kept cold by appropriate coding during 

the daytime hours. The Mother GHOST electronics which would be in a much 

larger and more favorable configuration would be maintained warmer both day 

and night using black greenhouse and water supply.


