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AIR CONDITIONING AND PRESSURIZATION SYSTEM.

The air conditioning and pressurization system utilizes
either liquid nitrogen or ram air as a cooling and pres-
surization medium. The liquid nitrogen is supplied
from the X-15 storage tank during free flight and from
either the X-15 storage tank or the carrier airplane
pylon tank during captive flight. The X-15 tank can
supply the entire air conditioning and pressurization
system and when used will supply liquid nitrogen for
pressurizing and cooling the cockpit and No. 2 electronic
equipment compartment, and for cooling for the ac gen-
erators, APU upper turbine bearings, stable platform,

and ball nose. It will also supply nitrogen gas for in--

flating the canopy and equipment compartment seals,
purging the hydraulic reservoirs, between-panel purging
of ine windshield, and ventilation of the pilot's pressure
suit. The nitrogen gas used for between-panel wind-
shield purging and pilot's pressure suit ventilation is
supplied through a common liquid nitrogen supply line
which contains a heat exchanger and electric heater for
converting the liquid to gaseous nitrogen. The carrier
airplane pylon tank and associated controls make up the
augmented cooling system. The primary function of this
system is to augment the cooling to the stable platform
during ground operation and taxiing, when the blowers
are circulating compartment air, and when ram air is
used during climb to cruise altitude. The augmented
system is also used for between-panel windshield purg-
ing and pilot's pressure suit ventilation during these
times and can be used for cooling the No. 2 electronic
equipment compartment and ball nose.

The ram-air system is limited in its operation to cooling
the cockpit and the electronic equipment compartment.
The ram-air system, with augmented cooling, is used
during climb and cruise. The X-15 liquid nitrogen sys-
tem is turned on at the beginning of cruise-climb to
launch altitude.

NOTE

If the ram-air system does not provide adequate
cockpit cooling during captive flight at altitude,
the augmented cooling system liquid nitrogen
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supply can be used to increase cooling by turn-
ing off the ram-air system and turning on the
blowers.

The ram-air system should not be used above 35,000
feet or at speeds in excess of Mach 1.0, because of
possible damage to the ram-air scoop and ducting due
to high or excessive air loads and temperatures too high
for proper electronic equipment cooling. During free
flight, ram air may be used as an emergency measure if
the X-15 liquid nitrogen system fails or during descent
when the liquid nitrogen system has been depleted, but
the limitation of Mach 1.0 must be observed. The cock-
pit and the electronic equipment compartment are pres-
surized to 3.5 psi by the use of nitrogen after it has been
converted from liquid to gaseous state. The X-15 liquid
nitrogen is stored under pressure and is converted as
required for cockpit and equipment cooling and pres-
surization. A cockpit pressure regulator automatically
maintains a pressure of 3.5 psi at 35, 000 feet and above.
From the ground up to 35, 000 feet, the cockpit pressure
remains the same as the outside pressure. If the cock-
pit pressure regulator does not operate properly, a
cockpit safety valve will not allow the cockpit pressure
to exceed 3. 8 psi; also, during a rapid descent, the
safety valve will prevent a pressure differential greater
than 0.5 psi. Pilot comfort is provided by the MC-2
pressure suit, which maintains a regulated pressure
of 3.6 psi over the entire body. Pressure to the suit is
provided by the air conditioning and pressurization
system. Temperature control of the nitrogen flow
through the suit is maintained by an electric heater
which is adjusted to a pilot-selected range. The tem-
perature of the gas supplied to the pressure suit is from
55°F (£5°F) to 90°F (+5°F). The X-15 air conditioning
and pressurization system may be considered automatic
to the extent that once it has been started and manually
regulated for desired flow and temperature, it will con-
tinue to operate without further adjustment.

COCKPIT AIR CONDITIONING AND PRESSURIZATION,

Cockpit air conditioning and pressurization is by either
of two systems: the ram-air system, or the liquid
nitrogen air conditioning and pressurization system of
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AIR CONDITIONING AND PRESSURIZATION
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the X~15 Airplane, The ram-air system, although it
does not pressurize the cockpit and the No. 2 electronic
equipment compartment, will furnish adequate cooling
for these areas. Approximately 10 percent of the ram-
air flow may be diverted to the cockpit by a cockpit
control, with the remaining 90 percent being routed
through a plenum, from which it is ducted to the No. 2
electronic equipment compartment. Flapper-type
shutoff valves prevent the ram-air flow from entering
the mixing chambers and blower ducts of the cooling
system. The ram-air system must not be operated at
the same time as the X-15 nitrogen system. The X-15
liquid nitrogen system actually cools and pressurizes
simultaneously. A vacuum-type contained in the No. 3
equipment compartment stores 176 pounds, or 26.5
gallons, of liquid nitrogen, which is depleted at a normal
usage rate of approximately 5 pounds per minute. A
pressure relief valve mounted in the nitrogen line be -
tween the top of the container and the nitrogen vent
and build-up valve is preset to vent at 80 (+0, -4) psi.
Helium gas for pressurizing the X-15 liquid nitrogen
tank is stored in a spherical tank in the No. 3 equipment
compartment. Helium pressure is reduced from ap-
proximately 4200 psi at the tank to approximately 67 psi
through a differential-pressure regulator. The helium
gas is then routed into the top of the liquid nitrogen
tank. The liquid nitrogen is forced out of the bottom
of the tank and on through the system to the injectors.
The liquid nitrogen is forced under pressure through
the injectors into a stream of returning gaseous nitro-
gen within the mixing chambers, where it is mixed and
recirculated. The temperature of the air conditioning
system is automatically controlled by the two thermo-
stats that regulate the flow of nitrogen vapor from the
liquid nitrogen injectors. The thermostats and the liquid
nitrogen injectors are part of the system mixing cham-
bers that connect with the plenum from which the
regulated cooling gas is ducted to the electronic equip-
ment requiring direct cooling. The air conditioning and
pressurization system includes an alternate system
which automatically pressurizes the cockpit if component
malfunctions result in loss of pressure. The alternate
system includes a pressure switch, a solenoid-operated
shutoff valve, two heat exchangers, and associated
plumbing. When the alternate system is armed and the
pressure switch contacts close (cockpit altitude rises
above approximately 37, 000 feet), the solenoid-operated
shutoff valve is energized open. This allows liquid
nitrogen to flow to a heat exchanger in each APU com-
partment. The nitrogen is converted to a gaseous state
and expelled into the cockpit. The pressure switch
contacts open when cockpit altitude drops below ap-
proximately 36,000 feet. The augmented cooling system
liquid nitrogen supply in the carrier airplane pylon is
contained within a 6-cubic-foot tank, Approximately 292
pounds of liquid nitrogen is pressurized to approximately
63 psi by nitrogen pressure in the carrier airplane
gaseous nitrogen system. Flow of the augmented
cooling system liquid nitrogen to the X-15 is controlled
from the launch operator's panel in the carrier airplane.

AIR CONDITIONING AND PRESSURIZATION SYSTEM
CONTROLS AND INDICATORS.

Pressure-Cooling Lever,

The pressure-cooling lever (7, figure 1-4), on the
right console, controls both the air conditioning and
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pressurization of the cockpit and the electronic equip-
ment compartments. The lever has two positions, ON
and OFF. When the lever is moved forward to ON, the
system manual shutoff valve opens, allowing liquid
nitrogen to flow throughout the entire system. With the
lever at OFF, the system is inoperative. In free flight,
the nitrogen gas for the pilot's pressure suit system is
also controlled by the pressure-cooling lever. (Refer
to "Pilot's Pressure Suit System' in this section.)

Alternate Cabin Pressurization Switch.

This push-pull, circuit-breaker type switch (5, figure
1-4), on the right console, controls primary dc bus
power to the alternate cabin pressurization system pres-
sure switch and to the system shutoff valve. The switch,
labeled "ALT CABIN PRESS, " is closed when pushed in.
Pulling the switch out opens the alternate cabin pres-
surization system arming circuit.

Blower Switches.

There are two blower toggle switches (8, figure 1-4) on
the circuit-breaker panel on the right console. The
three-position switches, powered by the primary dec bus,
are labeled "BLOWERS.'" When the switches are at
OFF, the blowers are off, the liquid nitrogen shutoff
valves to the injectors are de-energized open, and the
pressure control valves are de-energized closed. With
the switches at BLOWER & LN3g, electrical power is
applied to the blowers, the liquid nitrogen shutoff valves
to the injectors are de-energized open, and the pressure
control valves are energized open. With the switches at
BLOWER ONLY, electrical power is applied to the
blowers, the liquid nitrogen shutoff valves to the injec-
tors are energized closed, and the pressure control
valves are de-energized closed. Both the No. 1 and
No. 2 blowers are powered by the No. 1 primary ac bus.
The No. 1 and 2 solenoid shutoff valves are powered by
the primary dc bus. The blowers are protected by
circuit breakers on the circuit-breaker panel.

Cabin Source Helium Shutoff Valve Switch.

Helium tank pressure to the liquid nitrogen tank is con-
trolled by a two-position toggle switch on the circuit-
breaker panel (6, figure 1-4) on the right console. The
switch is labeled "CABIN SOURCE H, S/0 VALVE."
With the switch at CLOSED, primary dc bus power
closes a solenoid-operated shutoff valve in the helium
line upsiream of the helium tank. With the switch at
OPEN (forward), the solenoid-operated shutoff valve in
the helium line is de-energized to the open position,
The valve is used to isolate the air conditioning and
pressurization system helium supply from the main
propellant helium source as long as the former remains
at or above 3000 psi. If the air conditioning and pres-
surization system helium supply drops below 3000 psi
before launch, the valve should be opened to top off the
helium supply.
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