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ABSTRACT

This report covers the experimental work
done on the evacuation of periscopes by this labo-
ratory for the purpose of reducing the condensable
vapor concentration to values below the dew points
for any service temperatures. The equipment neces-
sary and part of the operations have been reviewec
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AUTHORTZATION

1. BuShips ltr. to Director of NRL, ¢-32L-9(350
dated November 28, 19)2.

STATENENT OF PROBLEM

2. Fogging of the optics in submarine periscopes is
due to condensation of vapor on the optical surface when tI
temperature of the optics is below the dew point of the peri-
scope atmosphere. The problem is therefore one of removing
the vapors from a periscope to such a level that condensation
cannot take place from the gas within the periscope at service
temperatures.

KNOWN FACTS ON THE PROBLEM

3. Fogging of optics by condensed vapors can be caused
by any compound present in quantities above its dew point at
the temperature of operation. The amount of vapors which
can be present from the drying of cements, sealing compounds
and any nonmetallic parts is assumed to be less than could
cause fogging at temperatures encountered. Water vapor is
considered to be the cause of fogging taking place in sub-
marine periscopes. Any water vapor present above partial
pressures shown on plate 2 at the various temperatures can
cause fogging. 1In an enclosure where circulation of the gas
is limited, fogging can be visualized with less water than
enough to saturate the entire volume of gas. When one part
of the periscope is below the dew point of the gas for long
periods of time water vapor can slowly condense in this part.
Water vapor will slowly diffuse from the entire periscope
until the vapor pressure of the entire tube is in eguilibrium
with the low temperature. On warming, the water will only
return to the remainder of the periscope by diffusion and for
a time may saturate the gas in one part to a value much
higher than the average throughout the tube. In this one
spot it will then, for a period of time, be possible to get
fogging at a temperature much higher than would be expected.
For this reason the water vapor should be reduced to the low-
est practicable value.

THEORETICAL CONSIDERATIONS

li. Two acceptable methods of drying are available.
(1) Ccirculating dry gas through the periscope. (2) Reducing
the pressure to a suitable low value and filling the peri-
scope with dry gas. Both methods have advantages and dis-
advantages with respect to each other; the advantages being
greater in the vacuum method. Flow drying may leave some
parts, where poorly ventilated, retaining considerable water
vapor. It is not easy to know when the periscope is dry by
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'PENDIX I.

¢ 32 152)nar To2omd 5, 1942

MEMORANDUM to the Director.
subject: Drying of Fogging Periscopes.

on December 8th, I reported to the Navy Yard at
5 p.m. to observe the drying of a periscope by the method
suggested by Comdr. Frank Dettman. The method consists
essentailly of pumping air from a periscope to a vacuum of
approximately i or 5 mm. of mercury and allowing dry nitrogen
‘to flow into the periscope, thereafter the pressure being
raised approximately 7 lbs. per sg.in. with dry nitrogen.
The operations carried out on the USS Runner periscope #2
were in general as described above. The work was being done
by Ensigns Debenham and Clearman of the Optical School with
the aid of enlisted personnel from the optical shop at New
London, Connecticut (Mr. Ce. A. Stanish and Mr. Pete Martlnelli),
The pumplng was done with a Kenny high vacuum pump which had
a large capacity for this work, and the limit of pumping = 3
determined by the opening 1n the periscope itself and the
connections between this opening and the pump. The hole in
the periscope for removing air is approximately 1/%32th of _a
inch in diameter and about 1/2 inch long. This feature, to
a great extent, controls the pumping rate on the periscope,
however, considerable larger tubing from this connection to
the pump is important in the pumping speed. Since the flow
of gas through an opening is proportional to the area and
inversely proportional to the length of the opening, a con-
siderable increase in the rate of pumping could be made by
increasing the size of this hole to 1/16 inch diameter.
Doubling the diameter increases the area four times. The
pumping speed is also a function of the difference in pres-
sure across the opening. Since most water, when in a con-
densed form, would be removed at relative low pressures (O-
25 mm. of mercury) the size of the opening becomes even more
important.

In the method used on the USS Runner some delay in
acquiring a vacuum was no doubt due to the small copper tubing
used in connecting the periscope to the pump, however, enlarg-
ing this tubing would not have shortened the pumping time by
any large amount. It required approximately one hour to
reduce the pressure from atmospheric to 100 mm. of mercury.
Several hours were then required to bring the pressure in the
neighborhood of 5 mm. (approximately 5 hours), A U-tube
the line when dipped in dry ice - alcohol mixture - showed
that considerable water was being removed from the perisc
A part of the time required to bring the pressure down may
have been required to evaporate the exhaust water f_>m the
interior of the periscope. The nitrogen used to fill the
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periscope was passed through a copper coil in a mixture of
dry ice and acetone. The rate of flow was slow to insure
that all water was removed to a dew point of this temperature.

This method of drying periscopes appears to be
satisfactory and with the use of the proper technique the
drying should be completed in the order of % to Iy hours depend-
ing on the amount of water vapor present in the periscope and
its physical state at the time the drying is started.

Apparatus required to make this method plausible
for shipboard use is listed below with comments.

1. Pressure gauges which are sensitive, from
L0 mm. to O mm. of mercury, are necessary to
determine accurately the pressure to which the
periscope has been evacuated. This requires a
gauge which is stable in use and shipboard stow-
age. Three types of apparatus would be satls-
factory; a short mercury manometer, a sensitive
bellows type gauge and the Stokes Portable Mcleod
gauge., All three reguire some section of clear
material for reading the pressure. In each case
glass would probably be most suitable and could
be so constructed as to be satisfactory. A model
of each of these types will be available at the
Laboratory in the near future.

2, Some method of further drying the nitrogen
is required. Suitable containers of a desiceant
similar to silica gel would be satisfactory for
this purpose. Two shipments of silica gel are
being reactivated to send to the optical shop at
New London for experimental tests. At the same
time tests will be conducted at thils Laboratory
to determine the dryness of the nitrogen and the
limits on this type dryer.

5. Some method of removing water vapor from the
gas entering the o0il pump should be used. The same
type container as used for drying nitrogen could be
used on this line. This container should be used
only after reactivation in drying the nitrogen, how-
ever, a unit which had been used to dry nitrogen
could then be used on the pump before reactivation.

li. To give consistent and satisfactory results
a good oil pump of the Kenny or "Cenco Megavac"

type should be used. With care these pumps will
pump to a few millimeters after hundreds of hours
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