SECTIQN 16
BiCele CUOLING

1+ introdyetien

The nine (CH e-ntrincrs insirlled ia the roor eon - rtuent when operating
genarcte large quantities of heat. To extract this hest, the containers are
oonstruoted with a jacket filled with water/glyccl. The jecket is equipped
with & he-t exohenger through which flows a further water/glyccl coolant. Eash
ECM oontainer is interconnected with flexible piping through whioh the coolant
is by two 200V A.C., motor driven pumps. The coclant after mitraeting
heat fron the oontainer hent exohangers is then passed through the evaporating
chamber of a Godfrey regrigerator where the coolant heat is given up to a refrigerant.
The eleotrieal control switehes for the cooling system are to be found on panel
B1P (A.E.0's stetion), The control cirouit is designated NON ESSENTIAL and is
thus shed by operation of the Alternator Failure warning unit or ejeotion of the
nlul

2. Principle of Refrigerator Operation,

Froon gas is first eompressed by a 200V A,.C, motor driven compressor, and
,.1.11 oonsequence the gns beecmes hot. The sompressed and hot gas is then passed
hrough a vapour oil separator and then through condenser, over whish €ocl ram

air is flowing. The sooling air thus extraets heat from the compressed gas

w ich then begina to sondense and form liguid gas dropleta as well as cool
oompressed gas. This mixture is then pnssed to a receiver which is bascially
a reservoir and since there is somessed gas on top of the ligquid gas, the
liquid gas is foreed to flow to an expansion valve where the liquid gas expands,
thus beeoning sooler and vapourised, The vapourised gas then passes through
an evaporating sahnber, extrasting heat from the water/glywol pipes and then
passes back to the compressor, where the eyele begins ngain. 4 brief
desoription of eleotrical sontrols and equipment begins in the next paragraph.

3. tches and Indigator

Two double pole push switches labelled COOLING, ON-(FF are fitted to panel
81P. These #wo push switehes control the electrieal aupplies o two soclant
pumps and the refrigeratar sompresacr. Immedintely above the two gwitehes 12 a

f-n;n.snatin indientor which provides the following indicrtions:=

in} Cooling peek (Refrigerator) operating normally - 'ON'

b Cooling pack, just switched on and building up to working
tmurnturn - 'LOW!

(e) Cooling pack switohed OFF or no power supply = 'CFP'

e Goolont Punp Motars

Two 200V A.C. star wound induction motors driving associ ted punps circulate
the coolant around the ECM containars. The 200V A.C. sup ly to the motars is
eonveyed via two 3 phase contnotors, the operating coils of which are brought under
the influence of a coolant high prossure switeh fitted into the ooclant pipe lina,
ghould high pressure develop in the pipe line then the pressure switoh operates to
switoh off the pump motors. When the high pressure has ocollapsed then pump
éperetion resounences. The punp system is further arranged so that should one

pump fuilh then the remaining pump will eireulate cooclant at approximately 90%
full rete.

-

;- rature gwitoh (Thermostat

4 low temperature switoh is installed in the coolant pipe line. This switeh
deternines the indicrtions observed on the nagnetic indicntor on 8P (See paragraph
EJ. When the ecclant temperature is below 0°C the conteots sre arranged to give a
'LOW™ presentation and when the coolant temperature rises to approximately 39C the

Qontaots are arranged to give an "ON" presentation. The low temperature switoh is
connected to the indicator vie relay 635. %
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6.  Cooling Pack (Refrigerator)

The cooling pack consists of a Godfrey Vapour Cooling Pack = 1 Mk. 1 and
operates to extract heat from the container coolant. The pack is installed in
the aft end of the ECM fairing and is secured to the airframe by quick release
'pip' pina. The pack condenser (heat exchanger) is fitted externally on the
starboard side of the ECM fairing and is faired in by a large ram air scoop.
The leading edge of the scoop is equipped with an electric heater brought into
operation by the fin ae-icing controls on 7P. The Cooling Pack is fitted with
the following electrical items:=-

B Motor driver compressor,

b. High pressure switch.

Ce liigh temperature switch,

de Transistor Time Delay Unit.

7.  Compressor Motor
This motor consiats of a 200V 4.C, delta wound induction motor driving a

compreasor, The 200N A.C. supply is obtained via a 3 phase contactor and an
overload protection unit.

B. High Pressure Switch

The refrigerator gaa clrcult is of 'closed circuit' pattern and hence should

bigh pressures develop in the refrigerarant pipe lines the circuit must be pro-
tected by switching off the compressor motor. This is achievea by operation of
the high pressure sensing switch. Onece the excess pressure has collapssd the
pressure switch contacts revert to normal and the compressor motor may be re-
started subject to certain conditions (See paragraph 10).

8 High Temperature Switch

The high temperature switch protects the VCP againat overheating and acts
to switch off the compressor motor. Once the overheat condition has elapsed
the compresaor motor may be restarted subject to certain conditions (see para=-
graph 10).

10, f;li Bﬂm Unit

The operating requirements of the refrigerator are such that should the
compressor motcr be shut down for any of the following reasons it cannot be
restarted for a period of 2 minutes.

f. Oparation of High Pressure switch.

b, Operation of High Temperature Switch.
Ce Operation of Phase Balance Relay.

d. ﬂl'itﬂhin! 'OFF' at PH.M]. BIP;

This 2 minute delay allows time for the rsfrigerant pressure to collapse
back on to the compressor which drives it in the reverse direction and prevents
the 200V A.C. supply to the motor being restorsd under these reverse operating
conditions.

When the refrigerator is operating normally, transistor Tl collector is
primed with 26V D.C. from pin D via relay B (NC) and R7, RS,

The capacitors C1/C2 are uncharged since 28V D,C. is applied to their
negative plates via pin D,

/Should the
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Should the refrigerator stop for any reason then a 28V DC apjears at pin C
due to the action of relay A de-energising, oSimultaneously the 28V DC on C1/C2
'negative' plates is withdrawm and €1/C2 commence to charge = the charging current
being taken through T1 collsctor to emmitor,

The resultant voltage drop across R3 and T2 to conduct and voltage drop across
RS causes T3 to conduct.

NOTE: RJ and R5 potentials are ap-lied to the basc slectrode of T2 and T3 res-
pectively, T2/T3 collector potentials derived via pin C.

When all threc transistors are conducting relay B encrglses to place a suooly
to relay C thus holding off the control line to the compressor motor contactor.
Relay B also aots to atop the TDU from 'recyeling' by breaking its NC contacts.

After a period of aporoximately 2 minutes, the C1/C2 charging currcnt falls
off reducing tho potential applicd to ™1, T1 ceases to conduct cutting off T2 and
5/ and rolay C de—energises thus returning control of the compressor motor to the
'ON' push at B1P which must be depresscd to restart the VGV,

NOTE: The coolant pumps will continue to run during TDU operation.

11(a) Circuit Operation = Switching 'ON'

Depressing the double pele 'ON' push at ilP results in 28 D.C. teing applied
to cnergise R626 which in closing via the HSS oporates the coils of R625 and R623
which in closing place a 200V AC supply to run both coolant pumps. Note R626 is
held in by its own contacts.

Simultaneously the other pole of the 'OF' push appliss a 28V DC supply to
encrgise R710 which in closing opor-tes relay A FTrl.ggar Unit), which in closing

ates tho compressor motor contactor R627 and the motor commences to run. Note:
R627 1s held on via the following contacts:- 2in C of the VCP, ralay A (NO), relay
C (KC), high temperature switch contacts, contacts 1 of the phase balancer and
contacts 1 of R627 to maintain rclay 4 cnergiscd.

11(b) Circuit tion - Switching 'CFF'

De pressing the '"OFF' push at A1P results in the 26V DC supply to the cool-
ant pump contactors being interrupted and the motors cease to run. Simultansously,
the 28V DC supily to the coil of relay A is interrupted and R627 de-energises caus-
ing the compressor motor to stop. As described in paragraph 10, the TDU sequance
ia initlated and 2 minutes clapss before restarting can be attempted.

11(c) Refrigerator Failure (Operation of overload protection unit)

Should a 3 phase overload occur then the overload currents are sufficlent to
strike an SCR ecircuit which encrgiscs relay 710. Rclay 710 de-energises relay 627
and stops the compreasor motor. Relay 710 will now remain cnergised until the 28V
DC is removed cither by operation of the OFF' push or removal of the non-sssential
26V. The T.D.U. sequence is initiated and prohibits starting for 2 minutes.

11(d) Refrigerator Pailure {Operation of high temperature switeh)

If the high temperature switch operates it breaks the supply to R627 and the
compressor motor stops. TChe T.D.l., sequence is initiated and 2 minutes elapses
before restarting can be attempted.

11{e) Refrigerator Failure (Operntion of High Pressure Switch)

If the high pressurc switch operntes it causes rclay C to energise breaking
the supply to the coil of R627, which in de-energising stops the compressor motor.
The high pressurc switch also applies 26V DC to the "negative' platc of C4 which
has the effect of reducing sperking on ralay A contacts.

!11{#1 PanVime  Baraidan Waamsamamiin Dhied Tiaaas



——

bcs |
11(f) Cooling Systen Eaergenoy Shut Down

The systen control relay enrths are sll-coomoned through contects of
the elternator failurc werning unit relay. Thus if two or more primery
alternntors fail then oporation of this rclay will shut down the cooling
system completely by breaking the common earth. Furthernore ejeotion of
the RAT will shut the sytem down by its operation of the load shedding
oonteotars.

12. Linitations,

The VCP should ncver be cperated on the ground without a suitable blast
alr supply oonneoted to the ondenser fairing. Feilure to comply with this
instruotion will result in damage to the VCP oooponents. Close co-operation
is roguired between Lirfrnme snd Electrionl trndes when servieing the VCP and
the eleotricain should not disoonneot pipe lines witiout obtaining specialist

_m.

13 Spfety Precautions

The refrigerant used in the VCP is Freon (Arcton) liquid gas. Like all
1iquid grses, this sns is extremely dangerocus if allowed to ccoe into contact

~
. with exposed parts of the body. If allowed to oontsot the eyes, blindness may
be the result. PFurthernore wet Preon wapour inhaled will irritate the lungs
rnd eause great pein. Therefore whon handling Freon always wear goggles of
approved pattern, face protecotion and gsuntlets. Anyone suffering from
axposure to Freon is to be treated by the station M,0. inmediately.
the  Reor Sosnner Cooling Systen
The tail warning scanner is a senled pressurised item nnd is equipped with
en air heat exchanger. Ran air is cdnitted through » small NACA in ake on the
port side of the ECM fairin: and dircoted via an alecetrioally notunted butterfly
valve through the hent exohrnger,
15. Mgjor Component Table
: Component Noe Loeation
Water/Glyool 2
Nater/Gyocl Pup Just forward of VCP e ™
™.1/5
Compressor Motar 1 VC: (8tbd. nft of ECM
Fodfrey ] tn
;..u:afznomﬁn oo
i{':lgh tenperature 1 b
switoh Pert No. 166588/4 VC? mbove conpressor motor
Time Delay Unit 1 VC? (Dehind
3 e St ﬂiti{-h? high tempergture
Type TP 4680 Part
Now 166901 )
High Pressure gwitoh 1 VCP (Inside box
panel behind
gly;.ffm-d BEdwnrds high temp switeh,

Mriveer Thmit Belav
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Trigger Unit Relny
i Type TP.4550

vCr (Under high temp. switoh)

Teap. gruge = 80° = 0
=4 F}CIQG ,

verp

Phase Balance Relpy
Rotex type FL909/1

LP (Just fwd. from VCP)

Coapressor Contactar Ly
Relay 627 D.6704/2

Helay 740 Plesse; vep
type 7CZ 103?39/;

Relay 626 7CZ/105411/2 Ly
Relay 635 Plesse L
type 7CZ 103739/2

W/G pump contactaors relays LuP
625 623

Type D631

¥/G pump high Adjrcent to W/G

pressure switech
type F.0.M.

puap motors

Cooling system 'ON'
push awitoh
"OFF' push switeh

Indicator 702/
107626 /32

81p
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