
1+ Rutroduotsen 
‘The nine LCK oontrincrs insiclled in the reer oomrxtuent when operating 

generate large quantities of heat. To extract this hest, the containers are 
constructed with a jacket filled with water/glyool, The jacket is equipped 
with a hect exohenger through which flows a further water/elycol coolant. Eaeh 
BOM container is interconnected with flexible piping through which the coolant 
ds by two 200V A.C, motor driven pumps. The coolant after axtrasting 
heat froa the container heat exchangers is then passed through the evaporating 
chomber of a Godfrey regrigerator where the coolant hest is civen up to a refrigerant. 
Tho cleotrieal control switches for the cooling system are to be found on pancl 
4P (A.B,0's stetion), The control cirouit is designated NON BSSENTIAL and is 
tis shea by operation of the Alternator Failure warning unit or ejoction of the 
RA. 

2. Principle of Refrigerator Operation. 

Freon gas is first somprossed by a 200V A.C. motor driven compressor, and 
7in consequence the gas besones hot. The sonpressed and hot gas is then passed 

‘through a vapour of] separator and then through condenser, over whieh sool ren 
sir is flowing. The sooling air thus extrasts heat fron the comprossed gas 
w ich then begins to condenso and form liquid gas droplets as well as cool 
compressed gas. This nixture is then passed to a receiver which is basoially 
A reservoir and since there is soavessed-gas on top of the liquid gas, the 
Liguid gas is forsed to flow to an expansion valve where the liquid gas expands, 
thus beeoning cooler and vapourised. The vapourised gas then passes through 
@m evaporating cahnber, extrasting heat fron the water/glyvol pipes and then 
Passes back to the compressor, where the cycle begins again. & brief 
Gesoription of electrical sontrols and equipment begins in the next paragraph. 

3. to} Indicator 

Two double pole push switches labelled COOLING, ON-OFF are fitted to pancl 
&P. These two push switches control the electrieal supplies to two soolant 
pumps and the refrigerator sompressor. Innedintely above the two switches is 0 

egotio indicstor whieh provides the following indicrtions:- 

s} Cooling paek (Refrigerator) operating normally - 'ON' 
(b) Cooling pack, just switched on and building up to working 

depecstre - a 
(©) Cooling pack switched OFF or no power supply = ‘OFF! 

4e  Goolent Pump Motors 

Two 200V A.C. star wound induction notors driving associa ted punps circulate 
the coolant around the BOK containers. The 200V A.C. sup ly to the motors is Gonveyed via two 5 phaso contactors, the operating coils of which are brought under ‘the influence of a coolant hich pressure switch fitted into the coolant pipe lino. ghould high pressure develop in the pipe line then the pressure switch operates to Switch off the pump motors. When the high pressure hes collapsed then pump @peretion rocounenees. The punp systen is further arranged so that should one 
pump oh than the remaining pump will eireulate coolant at approximately 90% full rete, 

2% Low Teupersture switoh (Thernostat) 

i 4 low temperature switch is installed in the coolant pipe line, This switeh 
termines the indicrtions observed on the magnetic indicntor on &1P (See paragraph 

3). then the coolant tenperature is below 0°C the conteots ere arranged to give o "LOW presentation and when the coolant teuperature rises to approxinately 3°C the 
qontaots are arranged to givo an "QN" presentation. The low temperature switch is 
Gonnested to the indicator vie relay oS. a 
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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:- 

8. Motor driver compressor. 
b. ‘High pressure switch. 
ce High temperature switch, 
a. ‘Transistor Time Delay Unit, 

7.  Goupressor Motor 

This motor consists of a 200V A.C. delta wound induction motor driving a 
compressor. The 2007 A.C. supply is obtained via a 3 phase contactor and an 
overload protection unit. 

8. High Pressure Switch 

The refrigerator gaa circuit is of ‘closed cirouit' pattern and hence should 
high pressures develop in the refrigerarant pipe lines the circuit ust be pro- 
tected by switching off the compressor motor. This is achievea by operation of 
the high pressure sensing switch. Once the excess pressure has collapsed the 
pressure ewitch contacts revert to normal and the compressor motor may be re~ 
started subject to certain conditions (See paragraph 10). 

9. sture Swit 

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

10. fime Delay Unit 

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

a Operation of High Pressure aniteh. 
b. Operation of High Temperature Switch. 
©. Operation of Phase Balance Relay. 
a, Switching 'OFF' at panel 81P. 

This 2 minute delay allows time for the refrigerant pressure to collapse 
back on to the compressor which drives it in the reverse direction and prevents 
the 2007 A.C. supply to the motor being restored under these reverse operating 
conditions, 

When the refrigerator 1s operating noraally, transistor Tl collector is 
primed with 26V D.C. from pin D via relay B (NC) and R7, RB. 

The capacitors C1/C2 are uncharged since 26V 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 ap2ears at pin C due to the action of relay A de-energising. Simultaneously the 28V DC on C1/C2 
‘nogative' plates is withdrawn and-€1/C2 comsence to charge - the charging current 
being taken through Tl collector to eunitor. 

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

NOTE: R3 and R5 potentials are aprlied to the base electrode of T2 and T3 res- 
peotively, T2/T3 collector potentials derived via pin C. 

When all threo transistors are conducting relay B energises to place a si 
to relay C thus holding off the control line to the compressor motor contactor. 
Relay B also acts to stop the DU fron 'reeycling' by breaking its NC contacts. 

ly 

After a period of aporoximately 2 minutes, the C1/C2 charging current falls 
off reducing tho potential applica to “1, Tl ceases to conduct cutting off T2 and 
5/ and relay C de-energises thus returning control of the compressor motor to the 
"ON" push at B1P which must be depressed to rostart the VC. 

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

(a) Circuit Operation = Switching ‘ON’ 

Depressing the double pole ‘ON’ push at ilP results in 28 D.C. teing applied 
to energise R626 which in closing via the HPS opsrates the coils of R625 and R623 
which in closing place a 20 AC supply to run both coolant pumps. Note R626 is 
held in by its own contacts. 

Simultaneously the other pole of the ‘O!' push applies a 26V DC supply to 
energise R710 which in closing opor-tos rolay A Goa Unit), which in closing 

tes tho compressor motor contactor R627 and the motor conmences to run. Note: 
R627 is hold on vin the following contacts:- Ain C of the VCP, relay A (NO), rolay 
(NC), high temperature switch contacts, contacts 1 of the phase balancer and 
contacts 1 of R627 to maintain relay A energised. 

1(b) Cireuit Oocration = Switching "CFF! 

De pressing the 'OF#' push at 81P results in the 26V DC supply to the cocl- 
ant pump contactors being interrupted and the motors ccase to run, Simultaneously, 
the 28Y DC supoly to the coil of relay A is interrupted and R627 de-onergises caus- 
ing the compressor motor to stop. As described in paragraph 10, the TDU sequence 
ig initiated and 2 minutes clapse before restarting can be attempted. 

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

Should a 3 phase overload occur then the overload currents are sufficient to 
strike an SCR circuit which oncrgisos relay 710. Relay 710 de-energises relay 627 
and stops the compressor motor, Relay 719 will now remain onergised until the 26V 
DC is removed either 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. 

1i(@) Refrigerator Failure (Operation of high temperature switeh) 

If the high temperature switch operates it broaks the supgly to R627 and the 
compressor actor stops. The T.D.il. sequence is initiated and 2 ainates elapses 
before restarting can be attempted, 

Mle) Refrigerator Failure (Operation of High 2ressure Switch) 

If the high pressure switch operates it causes relay C to energise breaking 
the supply to the coil of R627, which in de-energising stops the compressor motor. 
The high pressure switch also applics 28V DC to the 'nogative’ plate of Ch which 
has the effect of reducing sparking on relay A contacts. 

SO ee eee a NT ee
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The systen control relay earths are ol1-conuoned through contrcts of 
the elternator failure warning unit relay. Thus if tvo or nore prinery 
alternators fail then operation of this relay will shut down tho cooling 
systen completely by breaking the coamon carth. Furthernore ejection of 
tho Rif will shut the syten down by its operation of the lond shedding 
contaotars. 

42. tat: 

The VCP should never be operated on the cround witout a suitable blast 
air supply conneoted to theondenscr fairing. Pailure to ooaply with this 
Anstruotion will result in damage to the VCP ooaponents. Close co-operation 
is roquired betwoen Airfrone and Blectrionl trades when servicing the VCP and 
the electricain should not disoonnest pipo Lines without obtaining specialist 

1b. “e' ut: 

‘The refrigerent used in the VC? is Freon (Arcton) liquid gns. Like all 
lignda gases, this ms is oxtrenely dangerous if allowed to ocae into contact ~ 

\. with exposed parts of the body. If allowed to contact the eyes, blindne: 
be the result, Furthermore wot Froon vapour inhaled will irritate the lungs 
end-eause great pein. Therefore whon handling Freon alweys weor goggles of 
approved pattern, face protection and gnuntlets, Anyone suffering fron 
exposure to Preon is to be troated by the station M.0. imediately. 

he Rear Soanner Cooling Systen 

Tho tail warning scanner is 2 sonled pressurised iten and is equipped with 
en air heat exohanger. Ran air is ednitted through o saall NACA invake on the 
port side of the ECM fairing: and direoted vin an electrically actuated butterfly valve through the hoxt exohenger. 

15. Major Component Table 

TJ  Seaponent Nos Losation 
‘Water /élyool 2 Eater /Myoc! Psp Just forward of VOP 
m.1/5 

Compressor Motor 4 Vor (Stbd. aft of BOM 

Soe = 
High tenperature 1 Vo? nbove conpressor notor switoh Part No. 166588/1 

‘Mimo Delay Unit 1 Ve? (Behina stare Clifford Biwords wae) pvr 
Type TP 4680 Part 
Noe 166901 i 

High Pressure svitoh 1 VoP (Inside box panel behind -— Clifford Béwards high teap seitene 

pint weiss ith Dataw



PACES 

‘Trigger Unit Relay 4 ver (Under high temp. switoh) 
4A. Type TP.4550 

Teap. gauge - 80° - 0 4 ver a+ Bog 

Phase Balance Reley 4 4ue (Just fwd. fron VCP) 
Rotex type FA909/1 

Ccapressor Contactar 4 we 
Relay 627 D.6704/2 

Helay 710 Plesse; 4 ver 
type 702 103739/2 

Relay 626 702/105441/2 4 UP 

Relay 635 Plesse: 4 MP 
type 702 103739/2 

W/G pump contactors relays 2 WP 
625 623 
‘Type D6x14 

W/G pump high 4 Aajncent to w/e pressure switch pup notors 
type F.0.M. 

Cooling system ON" 1 ep ~ push switch 
‘OFF! push switoh 1 

Indicator 702/ 4 ow 407626 /32 
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