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1. INTRODUCTION 

The purpose of this report is to discuss the various methods of defueling 
the CF105 aircraft , and advise the RCAF of the requirements for pressurized 
airv Fuel Tender design and aircraft handling procedures. 

Two main requirements for pressurized air exist. Firstv pressurized air 
is required for defueling the aircraft and secondly, pressurized air is 
required for carrying out field checks on the aircraft fuel system and 
fuet pressurization system. 

Pressurized air for defueling may not be required if certain penalties are 
accepted. These penalties are discussed in Section 2 where the various 
methods of defueling are outlined. 

The quantity of air required for field tests on the fuel pressurization 
system is of a much larger order than that required for defueling. This 
is shown in Section 3. 

If the RCAF decide that field testing is required and the pressurized air 
is supplied.9 then it follows that the air requirement for refueling will 
be catered for. The quantities of air shown in the t ables for the various 
refueling cases are for 1 tank system only (half the pressurization system). 
If both sides are to be defueled at the same time.9 the flow rate would be 
multiplied by 2 and the pressure would remain the same. 

2. DEFUELING GASES AND REQUIREMENTS FOR PRESSURIZED AIR 

Case I Defuel all transfer tanks by pressurized air and fuel tender pump 
suction. 

Defuel collect or tanks by removing an access panel and draining 
through the condensate drain. 

(a) J75 Aircraft 

Defueling Rate Nozzle Pressure 
(LG. P. M9 ) (P.Szio Gauge) Minimum Reg'd Air Supply 

20 0 14.8 c.f.m. @ 4.5 p.s.i. 
40 0 18.3 c.f . m. @ 4.6 p.s. i . 
60 0 21.8 Co f o ffi o @ 4.75 p.s.J. 
80 0 25.3 c.f.m. @ 5.1 p.s.ip 

100 0 29.0 c.f.m. @ 5.4 p.s .i. 
120 0 32.6 c.f.m. @ 6.1 p.s . i. 
140 0 36.3 Cofomo @ 7.2 PoSo i o 
160 0 40.4 c.f.m. @ 8.8 p.s.i. 
180 0 44.6 c.f.m. @ 10.7 p.s. i . 
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( b) PSl~ Aircraft 

Defueling Rate Nozzle Pressure 
(LG.P I M.) (P o So I. Gauge) Minimum Reg I d Air Su1212lr 

20 0 9.3 c.f.mo @ 1.5 p.soio 
40 0 17.1 c.f.m, @ 1.7 p.s oi o 
60 0 21.6 c.f,m. @ 2.0 PoSoio 
80 0 27.2 Cof.mo @ 3.3 p.s.i. 

100 0 33.5 c.f.m. @ 5o9 PoSoio 
120 0 ~8.2 Cofol'no @ 708 PoSoio 
140 0 42.7 Cofomo @ 1Oo5 PoSoio 

The above defueling rates are the rates available at the refuel= 
ing adaptor with the various air supplies as indicated above. 
Whether this rate can be maintained depends upon the ability of 
the defueling tender to handle this flow rate from the refueling 
nozzle to the tender tank. For example, if an air supply of 44.6 
c.f .m. @ 10.7 p.soi. is suppliedj a flow rate of 180 g.p 0m0 is 
availableo If the tender equipment cannot handle this flow 9 a 
pressure build- up will occur at the nozzle and the flor rate will 
dropo On the other hand, if the tender could handle more than 
180 g. pom• i a negative pressure might result at the nozzle and it 
would cause fuel to flow from the collector tank an~ possibly 
drain faster than the transfer tanks. This would cause the tender 
pump to cavitate and the remaining fuel in the transfer tanks 
would be trappedo 

Disadvantagesof Case I 

L It would be necessary f or the tender operator to be able to 

3. 

control the r.pomo on the defueling pump to ensure that the nozzle 
pressure never drops below atmospheric and cause the collector 
tank to drain before the transfer tanl:cso It would be possible to 
i nstall a suitable restrictor in the collector tank defueling 
line to prevent t his from happening. 

If the defueling rate must be maintained, the t ender operator 
must ensure that the pressure does not build up in the nozzle or 
the defueling rate will decrease. 

Removing a collector tank access cover is a time consuming opera= 
tion . Although in some cases it i s necessary to remove the cover 
anyway to trouble shoot it is visualized that the collector tank 
might have to be drained to check the gauging systemo 

Draining from the condensate drains would necessitate a redesign 
to provide some means of attaching a hose to the drain fitting. 
Draining into barrels would present a fire hazardo 
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Advantages of Case I 

1. Case I permits the use of a standard RCAF compressor manufact­
ured bj· Godfrey Engineering Ref. 4G/1529 which supplies 70 cu. 
ft. free air/min@ 10 p.s.i. gauge . 

2. Gase I does not require any design changes to the aircraft if 
the nozzle pressure is controllable by providing means of 
varying the r.p.m. of the tender suction pump r.p.m. 

7 

Case II Defuel all transfer tanks by pr essurized air and Fuel Tender 
pump suction. 

(a) 

Defuel the collector tanks by pressurized air and Fuel Tender 
pump suction. 

The air requirements for defueling the transfer tanks are 
described in Case I. 

The collector tank air requirements for defueling are as 
follows~ 

J75 Aircraft 

Defueling Rate 
(LG,P 9 M, L 

Nozzle Pressure 
(P,S.L GaugeL Minimum Re9 8d Air Su_122l;z:: 

10 
15 
20 
30 
40 

6.1 p.s.i. 
7.25 p. s .i. 
7.70 p. s .i. 
8.00 p . s . i. 
8.10 p.s.i. 

14.2 
14.5 
14.75 
15.60 
16.00 

c.f. m. 
c ,f.m . 
c ,f. m. 
c.f,l'lo 
c.f. m. 

@ 12 p . s.i . 
@ 12 p.s.i . 
@ 12.2 p.s.i . 
@ 12.3 p.s . i. 
@ 12.5 p.s.i . 

(b) PS13 Aircraft 

10 
15 
20 
30 
40 

3.9 
4.2 
4.6 
5. 7 
6.8 

p.s.i. 14. 2 
p.s.i . 14.5 
p. s . i. 14.75 
p.s.i. 15. 60 
p.s.i. 16.00 

c.f.m. @ 12 p.s.i . 
c. f.m. @ 12 p. s . i . 
c.f.m. @ 12.2 p.s.i . 
Cofomo @ 12.3 p.s . i. 
c.f.m. @ 12.5 p.s.i. 

In order to defue l the collector tanks j) a combination of pressur­
ized air and fuel tender pump suction at the nozzle is r equired. 
The pr·essurized air enters the collector .tank through the negative 
'G ' valve to assist the pump suction in fuel transfer. 
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Disadvantages of Gase II 

1. Same as Disadvantage #1 for Case I. 

2. A high tender pump suction is required to drain the collector 
tank. To defuel at 40 g.p.m. a suction of -8. 10 p.s . i . or 
16.5 11 Hg. is required , 

It is believed that this amount of suction is not available on 
existing tenders but could be provided if new defueling equip= 
ment is made available for the CF105. 

3. Fuel tender defueling pump r.p.m. must be controllable in 
order t 'o guarantee a definite nozzle suction pressure. 

Advantages of Case II 

1. Not necessary to remove collector tank access covers. 

2. Quicker method of refueling the collector tank than by Case I. 

3. No fire hazard. 

4. No redesign to the condensate drain to provide for the attach= 
ment of defueling hose. 

5. The st1:U1dard RCAF Godfrey compressor could still be used for 
draining the collector tank although the maximum pressure 
available would be only 10 p.s.i, This would mean that the 
suction at the nozzle would have to increase slightly or the 
defueling rate would drop slightly. Since the collector tank 
could normally be drained in about 4 minutes a t a rate of 
40 g.p.m, a slight extension of this time is not considered 
to be serious. 

Case III Defuel all transfer tanks by pressurized air and Fuel Tender 
pump suction. 

Remove collector tank access cover and suck fuel out of 
collector tank wi t hout using pressurized air. 

Transfer tanks are defueled with air requirements described in 
Case I. 

The fuel tender suction requirements are as follows g 
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(a) J75 Aircraft 

Defueling Rate 
.J1.G.P2 M.} 

10 
15 
20 
30 
40 

Nozzle Pressure 
(P.S.L Gauge) 

- 2.4 
- 3.5 
- 3.9 
- 4.2 
- 4. 3 

(b) PS13 Aircraft 

10 
15 
20 
30 
40 

Disadvantages of Case III 
' 

1. Same as Tiisadvantage #1 Case I. 

.20 

.40 

.75 
- 1.70 
- 2.90 

2. Removing access panel i s time consuming operat ion 9 although 
in many cases the reason for draining the collector tank is 
because of troubl e shooting in the tank which would require 
the panel removal. 

Advantages of Case III 

1. Suction requirements are much less than- Case II. On J·75 
aircraft a maximum of -4.3 p.s.i. (8.75 11 Hg.) is required 
for a defueling rate of 40 g.p.m. as compared to - 8 .10 p.s.i. 
(16.5" Hg.) for Case II. 

Case IV Defueling wi thout Air Supply 

Defuel transfer tanks by Fuel Tender suction and draining the 
collector t anks by one of the following methods : 

1. Removing an access panel and draining through th~ conden­
sa te drain valve. 

2. Removing an a ccess panel and defueling with suction hose 
inserted in the t ank . 
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Remove a seal over the fl ame trap vent, placed there during 
t ransfer tank defuelin g, remove an access panel and suck fuel 
from the collector tank. 

Suction requirements for Transfer Tanks are as followsi 

(a) J75 Aircraft 

Defueling Rate 
(I gGo PoMo ) 

(b) PS13 Aircraft 

20 
40 
60 
80 

100 
120 
140 
160 
180 

20 
40 
60 
80 

100 
120 
li;O 

Disadvantages of Case IV 

Nozzle Pressure 
(P . S.I. GaugeL 

·' 

- 4.5 
- 4.6 
- 4.8 
- 5.0 
- 5.5 

6.1 
- 7.2 
- 8.8 
- 10.7 

- 1.6 
- 1.7 
- 2.0 
- 3.3 
- 5.9 
- 7.7 
- 10.40 

1. The suction pressure required to defuel the transfer tanks 
is quite high . 

.For example~ to defuel at 100 g.p.m. a neg . pressure of 
5.9 p.s . i. is required (12 11 Hg.). 

2 . Disadvantages of removing collector tank access cover were 
discussed previously. 

3. It is f elt that defueling with a suction hose inserted in the 
tank is unacceptable due to f ire hazard and the necessity for 
having a special hose fitted with an adaptor to mate with the 
refueling nozzle . 
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Advantages of Case IV 

1. Eliminate the necessity of having an air supply for defueling. 

2, Since the flame trap will be redesigned for the PS13 Aircraft 
to provide an attachment for a hose to duct fuel vapour away 
during refueling 9 it would be pos sible to provide a seal to 
pi ck up on the same fitting , 

3, PRESSURIZED AIR REQUIREMENTS FOR FIELD TESTING 

The following tests will probably be required on operational aircraft 
in the field, The air requirements are noted for each test, 

3,1,1 Pressure Regulation Test 

This test is done to check the pressure regulation for 
functioning, The minimum air· supply for this test is: -

39,6 c,f,m,@ 50 p,s,i,a. 

3, 1.2 Fuel Transfer Flow Tests 

This test is done to check the transfer systems for proper 
functioning, Fuel is forced _through the transfer system 9 
by-- passing the booster pumps 9 into a tender through a 
defuelin g line connected to the engine feed line . Th e 
minimum air requirement for the test f or one sub system 
is~ 

42,1 c , f , m,@ 50 p,s.i,a, 

3,1, 3 Fuel System Leak Test 

This test is done to check the complete system includ i ng 
all tanks and piping couplings for leaks. The minimum air 
requirement for t his t est i s : 

42,1 c,f , m, @ 50 p,s,i , a, 

3,1,4 Fuel=~o-air Valve Leak Check 

By pressurizing the t anks and disconnecting the transfer 
l ines at the flow proportioner, signs of escaping air may 
be detected and thereby- the proper functioning of the 
fue l-r,o-air valves may be established. The minir.ium air 
requirement for t his test is: 

42 .1 c,f.m, @ 50 p, s ,i,a. 
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3. 2 Air Supplz 

Air may be provided for these t ests, by using the Engine Starter 
Unit. This unit will supply air at 1350 c.f.m.@ 35 p.s.i .g. at 
a temperature of approximately 450°F maximum, Since the fuel 
system units are designed to operate a t a maximum temperature of 
350°F1 the starter air will have to be cooled. Means of cooling 
the starter air will be investigated further when the air require­
ment for field testing is established by the RCAF. 

4. CONCLUSIONS 

4.1 Ground Support Eguipment 

The RCAF Godfrey Compressor 4G/1529 will supply the air required 
for defueling the CF105 but will not suppl y air at a hi gh enough 
pressure to meet the field testing requirements. 

If the RCAF decide that field testing is required, the pressurized 
air necessary to carry out these tests may be supplied by the 
Engine Starter Unit. As explained in Paragraph 3 . 21 the air will 
have to be cooled. A prelimi nary check shows· that this is feasible. 

4.2 Recommended methods of Defueling 

Two methods of defueling the CF105 are recommended . 

(a) Defueling with Pressurized Air 

If ai r is available , Case II is recommended as the me t hod 
for defuel ing. In Case II 1 the transfer tanks are defueled 
b-; pressurized a ir and · tender pump suction. The collector 
tanks ar e then defueled by pressurized air and fuel tender 
suction. If the tender is designed to handle only 100 - 140 
gallons a minute (referring to air requirements on pages 2 
and 3) and pressurized a i r is supplied that will give a fuel 
flow of 180 g.p.m. in the air craft 9 then the danger of creat­
ing a negative pressure at the nozzle and causing fuel to flow 
from the collec tor tank will be eli minated. In this case, 
tender pump suction will not be required . The collector tank 
may then be defueled by applying the same air supply and 
startinc the tender pumps. This will build up a negative 
suction pressure at the nozzle and cause f uel to flow from 
the collector tank. 
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If pressurized air is not available 1 Case IV (3) is recommended. 
In this case 1 while the transfer tanks are being drained by 
tender pump suction 1 a seal would be attached to the flame trap 
containing the collector tank outboard vent line from the air 
release valve. This would prevent air from entering the collector 
tank and thus keep the collector tank from draining. When the 
transfer tanks are empty 1 the seal would be removed from the 
flame trap ~d the collector tank drained. 
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