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member to keep cabin temperature regulated. As ships of this type are not
pressurized, the heating system is still comparatively simple.

" In one type, two 100,000 Btu heaters aré placed in parallel positions and
the ram air from an external scoop is passed through the heaters and dis-
charged through a series of distributing outlets located in the cabin ceiling.
The cabin air is discharged through grilles located in the bottom walls of the
cabin. An auxiliary nose heater is used by the crew to obtain additional
heat for the cockpit or for windshield defrosting.

The cabin is maintained at the desired temperature by means of an auto-
matic control which operates both heaters simultaneously. This control
consists of two duct thermostats, one being mounted in the air inlet duct
between the air scoop and the heaters so that it is affected by outside ambi-
ent temperatures, and the other being mounted in the heater outlet duct
0 that it is affected by the discharge air temperatures. A thermostat in
the cabin is so located that a continuous stream of cabin air passes through
it. This type of control has been found to respond to a 1 deg temperature
change in less than a second. Its theory of operation follows. .

As the outside temperature starts to drop, the outside air duct thermo-
stat decreases in resistance, unbalancing an electronic bridge. This un-
balance is amplified by vacuum tubes and causes a power tube to close a
relay, turning on the combustion heaters. The resulting increase in tem-
perature is sensed by the warm air duct thermostat which increases in
resistance, thus re-balancing the bridge and causing the relay to open. If
thefe were no loss by radiation or convection from the aircraft cabin, these
two-duct thermostats would be sufficient for adequate control. However,
the cabin thermostat is given approximately 30 times more influence than
the duct thermostats and so acts as the master controller, and the duct
thermostats prevent over-heating or under-heating and keep the discharge
air from alternating between extreme cold and extreme heat.

In a slightly more elaborate system, two combustion heaters supply 8
plenum -chamber which is maintained at a constant temperature.
from the plenum chamber is then mixed with outside air to maintain desired
cabin temperature. All of the warm air is discharged into the cabin
through the walls. The discharge grilles are located on the floor under
seats, and a modulating type controller varies proportions of heated and
outside ‘air necessary to maintain desired cabin temperature. The same
type of control system as previously described is used, except that an ampli-
fier operates a two-phase motor capable of positioning control dampers
instead of operating a relay which would merely open and close the fuel
valve. An auxiliary duet, running from the plenum chamber, is used by
the pilot as a'source of windshield defrosting air.

. Pressurized Cabins
With the advent of the new high speed pressurized transport planes, aod

the addition of cabin cooling in addition to heating, the control problem
becomes more complex. On all of these airplanes, the heat of compression
from cabin supercharger must be controlled, the air cycle or expansion
turbines must be turned on and also, the heat exchanger or combustion
heaters, which are used in the system when-cooling is required for additional
heat, must be automatically controlled. : i
Assuming that one of these airplanes is operating in an extremely cold;
climate, the sequence of operation would be as follows: o,

The automatic controller for the supercharged-air inter-cooler would be in f““("
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closed position, so that none of the beat of compression would b -
. . . e e
air would by-pass the expansion turbine and its compressor and ther s‘;:%‘x’ﬁ%r;na‘.iftzl;f
cooler. An additional automatic controller would be operating the combustion
heater and supplying the additional heat necessary to maintain the desired cabin
teonél‘)j;ilp;:reéo nItt.‘ al heat e:‘(_changgr were used as a-supplemental source of heat, a
o 8
g; oculatie igo e rol operating a damper on this exchanger would run towards full
As the airplane enters s warm climate and heat requi sti

3 quirements drop, th )
heater would cease operation or the heat exchanger would go to gx,ll c%f((iml:})):istti;;%n
and the modulating control on the sugercharger compressor would move towards the

cold position. When the outside ambient temperature rises so high that cooling is

desired, the cabin supercharger intercooler would be open i {

. : ‘ : ed wide. If furth -
ing were required, the air would go into an air cycle tulﬁ)ine, which is mu;;ule;tggotld
deliver the required amount of cold air to maintain a comfortable cabin temperature

Pressure in the cabin is maintained by providing a controll

rate of air flow into the cabin sufficient tg Iil)a.intaingventilati(())n egr’lg(:(lisjtl?slg
ing the cabin-pressure relief valye setting, by means of a cabin pressure se-
lector, to maintain the desired cabin pressure. Limits on maximum inside
to outside pressure may be of the order of 4 or 5 psi, and safety controls
fht(,):l% b(la] ‘pflozrlllded gp preveﬁt exceeding this limit. There is a maximum
rate at which the cabin can change to a i i

n some cases also adjustable. 8 newly selegted value, this rate being

The requirements for controls of this nature are extremel n i i
commonplace for ships of this type to experience changes in}(’)utgilgé arIrfbli?
ent temperatures of as much as 100 deg in a space of 5 min. For this
reason, speed of sensing a change and rapidity of response in the control
system is essential if satisfactory control is to be accomplished. The older
type thermost.ats cannot be used in airplanes, due to mass of the thermo-
stat and to vibration experienced on all airplanes. All modern controls
use some type of bridge system with temperature sensitive resistors as
::ns;g_g elements. In some’ types of controls, the bridge system feeds a

nsitive balanced relay, which in turn runs a modulating motor or controls
an on-off power relay. A recent sensitive and quickly responding type
E}.lsrezuagril e::lc;;;gmgoaltnplllﬁeré which in turn controls a two-phase motor, or,

, controls a d-
rolay for ons st ¢ motor, or merely closes and opens a power

In addition to extreme s i i

peed and accuracy which are required of all air-
:::ft tenflperature controls, they must be able to operatequnder great aél;-
uounsles Xg temperature, pressure and humidity, and also withstand contin-
e mf reme vibration. Heaters should have, in addition to control from
of glslt;gls),, suitable 12[1?“ controls to prevent over-heating due to failure

, or any other cause. Also, there sh i

Shutt off foaf 1y T A0 other cause. re should be safety devices to

On the latest high speed jet at
. rplanes, the temperature control problem i
ls_glélulilsgée severe than on the latest transports; as in addition to thg accg:cl;
some i control response must be phenomenally fast. For example, on
the (o e air going to the cabin from the jet engine compressor can cha’nge
fact thaléera.’cure at the rate of 150 deg per second. This, coupled with the
as four 1; on smaller size pursuit ships air is changed in the cabin as much
an extremmles per minute, makes the instantaneous sensing of change and
ings at M e }f rapid control movement essential. Also, in airplanes operat-
adiabaticaf numbers in excess of 0.7, the control must react to the large
new thas emperature rises encountered. Some of these problems are so
condits. controls still have not been developed to meet all of the desired
turers ﬁls Howevqr, present studies being made by control manufac-
should result in developments of such controls in the near future.



