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CHAPTER 11
AIR CONDITIONING

INTRODUCTION

The air-conditioning and temperature control systems for the Gulfstream I'V provide for
comfortable cabin and cockpit temperatures throughout l.h':: complete operating enve-
lope of the aircraft. The normal source of air for air conditioning is bleed air from the
engines. The APU is an alternate source and provides heating and cooling of the occu-
picd areas when the aircraft is on the ground. An approved external air supply can be
connected to an adapter to provide air conditioning on the ground when the other air sources

are not available.

GENERAL

"t air-conditioning system consists nlf a
¢e-wheel air-bearing air cycle machine
\CM) packaged refrigeration unit, in which
“ontrol over the cabin and cockpit temperature
dccomplished by means of mixing hot com-
"ressed air and refrigerated compressed air.
¢ dual pack concept provides redundancy
! ¢ase one unit fails. The term air cycle means

FOR TRAINING PURPOSES ONLY

that cooling is provided by means of a ther-
modynamic cycle, using only air as the medium
(as opposed to vapor cycle systems, which
employ Freon or other similar gases). The sys-
tem also employs water separation for humid-
ity reduction.
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SYSTEM DESCRIPTION e e soire-contolicg, g,
AND OPERATION lection of the crew, Cooling 8 ;‘:;f:k}h;“
air cycle cooling equipment (Figure |.9;

consisting of a primary heat exchanee.
GENERAL secondary heat exchanger, and ap !;I:‘gf:r'.f
machine, which are capable of r:duuing';h'i
temperature of the air from the bleed-air m-.,nn.
ifold to values above freezing. Humidity re.
duction is accomplished by a mechanical
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During normal in-flight operation, hot com-
pressed airis supplied from the bleed-air man-
ifold (Figure 11-1). This ar, which 1s
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Figure 11-1. Bleed-Air Manifold
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.
water separator. Te mperature Ll".:.‘l.[ﬂfigl I:;: I1 ll‘rl-:
occupied arcas 18 umuu_ph.nh;‘-.’l y vary *i'ﬁlhc
amounts of hot bleed air which by passes
cooling equipment. Separale lcrtipcralfurt }I?“'I
wrol is provided for the cabin and the coc Ip}
with controls located on the ov crh::qd panelin
the cockpit. A manual system provides addi-
tional control over the system in the event of
A failure of the electronic control components.

A feature of the air-conditioning system1s that
it functions independently when on the ground.
Although the main engines are not operating,
and without a ground pneumatic supply (ground
cart) or external electrical supply, complete air-
conditioning is provided by the APU supplying
the bleed-air manifold. Ground operation of
the air-conditioning system is essentially the
same as in flight, with the addition of ram-air
flow across the heat exchangers induced by

) g

Figure 11-3,

11-4

"‘--.H?
cooling fans. Provisions

. are als
ternal air connection for uxe\i:{:dc
ground source of bleed air fo, lhﬂ Exter
manifold. € bleeg.

for

an gy,

Should either or both engin
crew Tay select eitheror b
ply o hot compressed air fort

manifold and thus the air-cundilin:?nt;l:;d'“
This is accomplished by use of [h-.-t[‘q'ﬂrrn'
TION valve switch (Figure 11-3) -

El:hf Operating 1.
Oth engines a5 5,

Ram-air v_::nliluti{:-n is provided from the dorss
fin ram-air duct (Figure 11-4) during ceny;
emergency procedures. :

ISOLATION Valve Switch
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Air-Conditioning Shutoff and
Flow-Regulating Valves

These valves serve two functions in the air-
conditioning system:

Figure 11-4. Dorsal Fin Ram-Air Inlet

AIR CONTROL COMPONENTS
Bleed-Air Manifold

The hleed-air manifold is used as the source of
dleed air for the air-conditioning system. This
AT 1% available from one or both engines, the
APU. or an external air supply (ground use only).

:r‘h: _"'_i"-'d-uir manifold delivers air to using
e o One being the air-conditioning sys-
4. € air temperature is approximately
The ~Atamaximum of approximately 40 psig.
hur. .r 18 delivered to the air-conditioning
x,-l..,'_"r and flow-regulating valves (shutoff
ifg) ) through T-fittings in the bleed-air man-

Yin the tajl compartment.

-
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« Asashutoff valve for the air-cond_nmly
ing system when system operation is
terminated.

« As a flow regulator when the air-
conditioning system is in operation. The
valve is a pneumatically operated de-
vice with an internal electrical solenoid.
An internal shutoff electrical solenoid,
when energized, closes this valve, pre-
venting any air from entering the air-con-
ditioning system and ending operation
of the system. With a source of air in the
bleed-air manifold and the shutoff sole-
noid deenergized, the valve butterfly
moves loward the open position and air-
flow starts again. This valve functions
as a flow-regulating device to maintain
a maximum of 28 ppm airflow.

Electrical shutoff solenoid energizing causes
the valve to be pressurized to the fully closed
position. There are several ways to energize
the solenoid and close the valve:

* Place the RAM AIR switch to RAM.

* Place the right or left PACK control
switch off.

* When on the ground, aircraft SNs 1156
and subsequent and those with ASC 135,
selecting the START or CRANK MAS-
TER switch ON will close the left valve.

* On the ground, the discharge side of
either ACM compressor has reached
450°F.

* When on the ground, depress either en-
gine starter switch.

11-5

RIR CONDITIONING

EFTA_R1_00019482

EFTA01735533




r'f

h.ﬁ” .

=
5
=)
=]
=
=
=
=]
=
=z
o

i

f -
,'_,./L »

a .. ‘5

'-‘ e, ry

TEMPERATURE CONTROL
SYSTEM

I is the position of the temperature control

calve (Figure 11-5) which determines compart-
ment temperature by mixing hot and refriger-
ated air 1o attain the desired compartment

temperature

In order to control the compartment lemper-
ature, the position of the appropriate temper-
Ature control valve must be varied accordingly.
All temperature control devices in this system
are directed toward the control of the temper-
ature control valves.

Cabin/Cockpit Temperature
Selector

General

The dual selector (see Figure 11-3) is used to
automatically or manually set a desired cabin
or cockpit temperature. Both are physically and
operationally independent from the other and
are installed in the cockpit overhead

Operation

The selector provides automat;
tcmpuruturccummlgc]euliﬂnmﬁ;::a?:? ool
control knob clockwise and counte llmmif t‘he
from the 9 o’clock OFF position 'lEI(-:. i
Tum_:ltmns are obtained throy h a - Sontrol
3307 rotation of the selector sl‘gtaf:l There L tely
t;:.mlrr::gmn n:f app’rmima!.ely 2010 '_ﬁ,ga p
m:.n[t';on, wrulhln which no signal is : li
the 1c :itj:ltrldl‘l.ll't control valye from 35]1[“1 0
manu se'ector or the tempergpyr, ither the
Ing the shaft out of (h; - controller,
clockwise direction places thu: area in g
tarIr:Ls:: r;tin:nm in the automatic mm[int of i
At then 1;mum selectable temperqt Operation
ner clockwise Totation th 4 ure (60°F),
rntauanlmearlyincr:as:sth eceh 150° f
ature to the maxim Taolected e .
um Valut {gnup} mPET..
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Rotation of the selector knob o
area in the counterclockwise d
the temperature control syste
although still electric, mode
the temperature control valy

Further rotation of the knob t:rg:jléﬁ "]:g'aifd
the counterclockwise direction progressiy :"
opens the valve to the fully open pdsm;}
thereby increasing the temperature, b

!'“ of the El'.‘lfm
Irection plage,
M In the mapyy,
of operatio iy

Some aircraft have been outfitted with adg;.
tional manual temperature controls located
aft of the baggage door. These pneumatic con-
trols are dependent on a minimum 3 psid cabin
pressure for opening of the temperature con-
trol valves.

Cabin/Cockpit Temperature
Control Valve

The temperature control valveisa two-inch di-
ameter pneumatic modulating butterfly '."ah.f_'
With no pneumatic pressure applied 1© "f:‘_
aphragm chamber, an internal spring ™= ElI:I
nism maintains the butterfly in the {:lﬂ::g_
position. The valve requires |meumal:u“;;l ¢
sure to open the butterfly and the a;m el
opening is controlled by varyiné ‘...'if:n-.m.
matic pressure applied. The Pm\umduti:inmr
pressure (left servo control system '5' f1 pres:
ata T-fitting upstream of the valve. an- reg-
sure is then routed to a servo 217 P
ulator and torque motor.

Some aircraft have been uulf""'-f?! .,chth
tional manual temperature f“”!"'”_"'Ul..;unlf""
of the baggage door. These P g pres
are dependent on a minimum - /""" "
sure for opening of the temP-'
valves,
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Cabin/Cockpit Temperature
Controllers

The crew exercises control over the compart-
ment temperature by manipulation of the se-
lector rheostat, located on the overhead panel
in the cockpit. Manually moving the rheostat
changes the resistance, and this change is re-
flected back to the controller, thereby adjust-
ing the desired temperature.

Five temperature-sensitive elements, two
cabin/cockpit temperature sensors, one cock-
pit temperature sensor, and two cabin/cockpit
duct temperature anticipators, supply addi-
tional information electrically to the
cabinfcockpit temperature controller relating
compartment temperature, duct temperature,
and the temperature of the air exhausted from
the compartment involved. These factors are
compared to the desired temperature infor-
mation from the selector rheostat and solid-
state controller, and then a DC output signal
is routed to the air pressure regulator valves
which control the cabin/cockpit temperature
control valve positions. Additional functions
of the anticipator are to provide a rate of
change control over the system and also to
sense when the duct temperature has reached
the maximum allowable value.

Cabin/Cockpit Temperature
Sensors

The temperature sensors are dual-element,
consisting of two separate sections. One sec-
tion provides temperature information to the
cabin/cockpit temperature controllers, while
the other element is actually a temperature
bulb for the cabin air temperature indicator
(digital), the overhead panel in the cockpit.

Crossover Function

Operay;
To pressulrizu: hl:llh ’“Tigcrminn .tlon
both engines, Position the [, % Usin,
BLEED AIR switches o ON 7 f

both bleed-air pressyre repulac ) ENrgiy.

valw_:s open, allowing hjf:'}fl:’rr '“r"tf Shuge gy
the air-conditioning shutoff and mnﬁ;?““f” )
Placing the L and R PACK SWitches r. F.“'f“-'*
lows bleed air to flow through [hﬁ; y |’H 8
the refrigeration units. where it i rnnlf‘ el
to the desired lemperature ang n;utcdlll-lz;-r:
cabin/cockpit. 10 the

In the event of the loss of one engine, place th,
BLEED AIR switch for the operasinh o,
to ON and the inoperative engine B!.F.[I:l&:q'pt
switch to OFF. Placing the ISOLATION ., .-
to OPEN allows the single engine 1o pruu:..
ize the whole bleed-air manifold Fo full air
conditioning place the L and R PACK swiiche
to ON.

In the event of the loss of one refrigeration unn
place the inoperative side PACK wwiich 11
OFF, and ensure that the BLEED AIR <w 1./
and PACK switch for the operating side are i
ON. With the PACK switch for the operati.c
side ON, bleed air is routed from the engine
through the air-conditioning system shutoff
and control valve and through the operating re-
frigeration unit to the cabin or cockpil.

NOTE

Crossover plumbing allows condi
tioned air from the operating pact
feed into the area of the aircraft »
the pack selected off.

In addition to the source selection -
there are two TEMP CONTROL kn
AUTO, OFF, and MANUAL posity
vary temperature range setting fron
COLD. During dual-pack operation ¢
cockpit temperatures are indepence
ulated. Cabin and cockpit temperalt
be monitored by digital readouts "'-__
rectly above the TEMP CONTROL }
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- ystream of the temperature control valves,
hleed air which passed through the

the hot DIE _ ]
_ ||'L'L“".|l"_l".|”1c.'i h} that Fﬂﬂ.lﬁ.!l] of the air w hich
va8 cefrigerated. I'he hot and cold air are

aived downstream of the _x-;L]-.,-L-_-. to become
Impcr.:tur::.-c{\ntrullml air. The cabin and
cockpit have separate temperature control
calves and distribution systems,

The cockpit distribution system consists of
he ducting from the cockpit temperature con-
ol valve, the refrigerated air duct, an air duct
check valve, a silencer, and four outlets in the
cockpit. There are two controllable side (or
choulder) outlets and two non-controllable
foot outlets, one each on the pilot side and the

.,'I.IP”U[ side.

The cabin distribution system consists of duct-
ing from the cabin temperature control valve,
refrigerated air check valve, a silencer, and two
basehoard-shaped outlets running practically
the entire length of the cabin on both sides. A
fluted skirt near the floor level allows the air
from the baseboard to enter the compartment.

Cabin and cockpit air check valves are in-
stalled in the compartment ducting. They allow
airto pass only in a forward direction. Should
the air attempt to reverse flow, the valves close
and prevent backflow.

Cabin and cockpit silencers are installed in the

ducting under the floor for noise attenvation. The

:J:l'.'"]"”. function is to suppress the air noise from
¢ cngine bleed-air ducts.

FOR TRAINING PURPOSES ONLY
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REFRIGERATION SYSTEM

Bleed air which does not bypass the temper-
d into the refrig-

ature control valves is route ! . y
eration unit. The refrigeration unit consists 0

the following major components:

« Primary heat exchanger

« ACM and ACM overtemperature thermal
switch

« Secondary heat exchanger

+ Mixing muff, screen, and bypass duct
assembly

« Water separator anti-ice valve with as-
sociated sensor

« Water separator unit

» Cooling fan

Cooling is accomplished by heat exchangers
and an expansion turbine. Dehumidification
is accomplished by a mechanical water sepa-
rator. which is prevented from icing by means
of an anti-ice system. Airflow across the heat
exchangers is automatically maintained with
a ground cooling fan.

Primary Heat Exchangers

The primary heat exchangers are the first stage
of refrigeration. They use ram air from the
dorsal fin ram-air inlet as a coolant. These
single-pass heat exchangers are mounted in the
tail compartment.
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Air Cycle Machine

The air eyele machine (ACM)1s anl:xp.ml:ll::?
turhine which reduces femperature b Ul I-“ .:
the air o perform useful work. und_;:fr: u.L“:L
4 pressure and temperature drop. The ork
extracted from the airstream 1 the turbine
section 18 absorbed by operaling 4 COmMpres-
<or wheel, whichis directly <hafted to the tur-
hine wheel, located in separate chamber on
the upstream side of the umit. A large pc.r::cnt-
age of the work extracted trom the airstream
by the turbine is used by the compressor wheel.
As the compressor w heel is performing work
on the upstream air, its pressure and temper-
ature are increased. This is called the bootstrap
principle, which is actually a pressure recov-
ery system used in modern air cycle systems.

secondary Heat Exchangers

Heat exchangers are installed adjacent to the
primary heat exchangers in the tail compart-
ment. These heat exchangers also use ram air
from the dorsal fin ram-air inlet as a coolant.

Water Separator System

Expansion through the cooling turbine reduces
discharge temperatures below ambient tem-
peratures and forces moisture in the air to
condense.

Water Separators

The water separators provide a mechanical
means of water removal and consist of two sec-
tions: the inlet section is a coalescer and rn:ﬂ-'.n:ﬂ
a few large drops from many small droplets by
passing the droplet-laden airstream thn:-u. h y
coarse mesh cloth bag while the second s.-:r:%' d
accomplishes the actual water removal o

Water extracted from the air is also sprayed

into the secondary heat exchanger cooling aj
inlet to assist in cooling. gar

11-10
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Water Separator Anti.i
System Anti-ice

On a cool, moist day cooling turbjpe 4
temperatures fall low enough ;h;,ltnt,dmh“i;u
only condensed but freezes, To pp:"'dltrun;.
of the water separator from hECUmL' €Nt the by
with ice crystals and restricting B¢

the g e
water Separalnr anti-ice system iuinlilfafli]n:a

Water Separator Anti-ice Valve

This valve is a butterfly-type shutoff and mog
ulating valve. The unit controls the rel‘r':al-:r-
ation unit cold air outlet temperature 102
minimum of 37°F (nominal) by modulating the
flow of compressor inlet air to the anti-ice
muff at the turbine discharge.

Water Separator Anti-ice
Sensor

The water separator anti-ice sensor is a poet-
matic thermostat, installed on the discharg
side of the water separator. This thermostatis
set to maintain the valve position s0 that e
air moving through the water separator held
at a temperature of approximately =

The system design is such that maximure,
lization can be made of re ITi:—"‘*'“’““ﬂ-f.I L
humidification systems regardless ";
low humidity conditions. of high of 1% e
tude conditions, with the “'::kllqr:m.

control over the valve and the s}

e
Bootstrap overtemperaty’
Warning System o

Incorporated on the discharge * " gF 107,
strap unit compressor sectiol ;

mal switch. It is the functo -'ﬂ.l-; poot®]
to sense discharge temperaty’= “’:.r.;I
compressor section. fther® = arex’
or retarded airflow across WE e T g
ers, compressor discharge ™ = 450 B
riﬁt.ﬂsan:r.ullthisf.wiluh=' - vl It

completes a circuit 10 th
HOT display (EICAS):
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\n additional function of this warning device
_in eround configuration. If the trip temper-
::u“.‘ is reached on the ground, a circuit is
:_Jr'll|."|:l.‘[l._'|.l Lo [h'." [IT,I( “AStoalert crewmembers.
The same circuitis completed through ground
onfiguration of the nutcracker system to close
e air-conditioning shutoff valve of the af-
fected pack.

NOTE

In flight, the switch gives a warning
only to crewmembers. On the ground,
the switch gives a warning and shuts
off the air conditioning of that pack.

Ground Air Conditioning

Ground air conditioning presents additional re-
quirements to the system. On the ground there
isno ram air and thus no coolant airflow across
the primary and secondary heat exchangers.
This airflow must be supplied; otherwise, the
refrigeration equipment overheats. In addition
there are times when air-conditioning system op-
eration must be terminated due to high demands
from the bleed-air manifold, such as during en-
gine starts. Being a self-supporting aircraft, it
must be capable of being air-conditioned using
the APU even if the main engines are not oper-
ating. Airflow through the system when in
ground operation is the same from the bleed-air
manifold to the compartment outlets.

Cooling Fan

A turbofan is installed downstream of the
ACM in the dorsal fin ram-air duct. The fan
assembly, rigidly fixed to the armature of the
ACM, provides airflow across primary and
‘ccondary heat exchangers whenever air con-
ditioning is in operation. Air for cooling 1s de-
‘'"vered through the ram-air inlet in flight and
“flapper valve in the refrigeration unit on the
£round. All air is then ported overboard.

GIV/G300/G400 PILOT TRAINING MANUAL

Cooling Air Distribution

Dehumidified, refrigerated air from the discharge
side of the water separator is ducted forward, lhﬁ
main portion joining that part of the hot :nrr v:fh.lc.
passed through the temperature c-:'mtml valves 10
become temperature-controlled air. Also, refrig-
erated air from the unit is ducted into one line
which serves furnishing-agency-installed e:,l'ehull
outlets. A check valve is installed in each line (o
prevent backflow. Provisions are im:c:-r_pnmmd _f{ar
the furnishing agency to complete the installation
to the cockpit and cabin, the number of eyeball
outlets depending on the number of seats
installed. The air from the outlets is dehumidified
and refrigerated.

RAM-AIR VENTILATION
SYSTEM

In the event of an emergency, the crew can ven-
tilate the aircraft by use of ram air scooped in
through a dorsal fin ram-air inlet. A line is
tapped into the ram-air duct just upstream of
the primary heat exchanger. This line is routed
to the ram-air check valve and then to the
downstream side of the left water separator re-
frigerated air duct. If ram-air duct pressure is
above refrigerated air duct pressure, the check
valve opens and admits ram air to the refrig-
erated air line. Airflow moves forward through
the cabin duct check valve into the distribu-
tion system.

The check valve allows airflow to move only
from the ram-air duct into the system ducting,
In normal operation, with air-conditioning
operation, duct pressure is always above ram-air
pressure; consequently, the ram-air check valve is
held closed, maintaining system integrity.

Selection of ram-air ventilation is accomplished
using the RAM AIR switch located on the over-
head panel. Placing the switch to RAM sup-
plies 28 VDC from the essential DC bus to both
of the air-conditioning shutoff valves. This en-
ergizes the valve solenoids and stops air con-
ditioning. As duct pressure drops, ram pressure
predominates across the ram-air check valve
and allows ram-air ventilation.
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