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INVESTIGATION OF FIRES ORIGINATING IN 
AIRCRAFT VACUUM SYSTEMS 

SUMMARY 

AIrcraft fires ongmatmg wLthm faulty 
vacuum systems have been mvestlgated xn the 
laboratory 

Bench tests and tests in full-scale 
engme msta11ar1ons of an operatmg “acu”m 
system have been c on d u c t e d to determme 
conditmns w1th.n the system resultmg from 
blockage of the suctmn and/or pressure lmes 
combmed w,th malfunctmnmg of the suctmn 
and/or pressure rel,ef valves 

A s,mple bench test was developed to 
duplicate the mlernal fire condltlons wh,ch 
were obtamcd in earlier tests, but wIthout 
destroymg a vacuum pump in each InvestI- 
gatmn as occurred ,n those tests Contra1 of 
condltmns was r e f tn e d until tests could be 
e as I 1 y and accurately duplicated VXlOUS 
vacuum plpmg systems, mcludmg systems 
lnuse and those proposed for future use, 
were compared to determIne the relative 
abllltles of the systems to withstand mternal 
fire 

A fmal series of bench tests was con- 
ducted which led to the development of a 
means forpreventmg lnternalvacuum system 
f,res This compr,ses a fusible plug ,n the 
p r e s s u r e stde of the pump housmg wh,ch 
fuses and relieves excessive pressure before 
fires occur. but does not render the system 
entirely lnoperatlve 

INTRODUCTION 

Several fires m flight have been traced 
to malfunctmnmg of the a,rcraft vacuum or 
aI* pumpLng system In one Instance, there 
was e Y 1 d e n c e that such malfunct,on,ng de- 
veloped Into an mternal f,re wlthm the vacuum 
system Subsequent f a 11” r e of the vacuum 
system plumbmg ta w,thstand t h, s mternal 
fire apparently perm,tted the f, r e to break 
out mto the accessory sectmn 

An mvest~gatmn of the entrre matter of 
malfunctmnmg of the vacuum system was sug- 
xcited by the A,r Transport Assac,at,on and 
under&ken by the TechnIcal Development and 
Ev*lunt,an center 

PURPOSE 

The purpose of the vacuum system 
tests was 

1 Iodetermmepressure andtemperature 
cand,tmns w, t h ,n the vacuum system, with 
blockage of the suct,on and/or pressure lmes 
comb,nedvilthfunct,onalfallure of the suction 
and/or pressure relief valves 

2 To determme whether those cond,tmns 
could result ,n f,re wlth,n the vacuum system 

3 To determme practical means to re- 
duce the hazards arlsmg frommalfunctmnmg 
af the vacuum system by 

(a) developmg or determ,nmgplumbing 
systems c a p a b 1 e of wlthstandmg XL- 
ternal f,res, and/or 
(b) developmg me an 5 for preventmg 
occurrence of fire v,wthm the vacuum 
5ystrm 

TEST PROCEDURE AND EQUIPMENT 

Tests were conducted can the vacuum 
system lnstailed in a B-29 engine lnstdiatlOn 
under sxnulated flight condltmns Temper- 
atures were obtamedon the vacuum and pres- 
sure stdes af the pump. under normal oper- 
atmg cond,tlons, at a dlfferentlal of e,ght 
Inches of mercury on the vacuum s,de. and a 
dlfferentlal of 18 Inches of mercury on the 
pressure stde Pressures and temperatures 
also were taken on th,s mstallatmn w,th the 
vacnnm side completely blocked These data 
provided a bats for estabhshmg a bench test 
which would c 1 o s e ly resemble actual fl,ght 
cand,t,ons 

Test No 1 
A Pesco Type 211 vacuum pump was 

mounted on a block and connected dxectly to 
a 20 horsepower, 3,490 rpm electric motor 
See F,gs 1 and 2 An alrcraft o,lpump 
drlven by a one-half ho r s e p ow e r electric 
motor delIvered SAE 60 011 to the pump at 
80 pst these < ondltlons being tdent,cal to a,, 
actual engme ,ns tallatwx, of thz vacuum pump 
A one-half horsepower elect r 1 c motor and 



FLU 1 D~agrammat~ Sketch of Vacuum System Bench Test 

blower s up p 1 I e d coolmg air to the vacuum 
pump, g 1 v , n g coolmg condltmns similar to 
that provtded by the blast tube on the B-29 
mstallatlon This setup was used to 

1 Determ~netemperatures andpressure 
resultmg f r o m complete b 1 o c k a g e of the 
vacuum relief valve 

2 Determme temperatures andpressurs 
resultmg from partml and complete blockage 
of the pressure rehef valve 

3 Determu,e w h e the r these condttmns 
could result mflre r,thm the vacuum system 

4 Determrie pract~calmeans for re- 
ducmg the h a z a r d 5 sr~smg from malfunc- 
tmning of the vacuum system 

Temperatures andpressures were 
taken at the two ports of the pump through 
one-e,ghth-mch p,pe tapped holes, which are 
plugged on a normal pump mstallatlon The 
vacuum port of the pump and the vacuum re- 

llef valve were connected by alum,num alloy 
tubmg and hoses The pressure stde of the 
system mcludedan 011 separator and a pres- 
sure relief valve connected by alummum alloy 
tubmg and hose connecttons 

Whenblockage of thepressure s,de was 
sxnulated, the alummum tubmg between the 
pump and 011 separator was replaced by an 
equal length of copper tubmg and connected 
to the pump with a compression flttmg ,n- 
steadof the hose connectmn Th,s alteration 
was necessary because the hose connectmn 
between the pump and aluminum alloy tubmg 
occasmnally f a I 1 e d from heat alone before 
Internal ,gn,tmn occurred A thermocouple 
was located wlthm thts lme 2 l/2 feet down- 
stream of the pump and SIX Inches upstream 
of the separator 

Blockage of the vacuum stde of the 
system was accomplished by obstructmg the 
Intake screen of the vacuum relief valve 
Partml or complete blockage of the pressure 



Fig. 2 Vacuum System Bench Test 

side of the systemwas obtained by substituting 

an orifice or a plug in place of the pressure 

relief valve. 

The practicability of a fusible blow-out 

plug was determined by inserting such a plug 

in a three-eighths-inch pipe tapped hole in 

the pressure port of the pump. Two types 

of plugs with three different f u s i b 1 e alloys 

were tested. These plugs were the modified 

AN-816-8D nipple and the modified AN-840-8D 

adapter. The three alloys were: 

(a) binary eutectic mix with a melting 

point of 351” F, 

(b) binary eutectic mix with a melting 

point of 390” F and, 

(c) pure tin with a me 1 t ing point of 

450” F. 

Since the normal drive usually shears 

before the pump pressure reaches 90 psi, the 

tests were conductedusingsufficient blockage 

to produce 90 psi. None of the fusible plugs 

tested will prevent fire when pressures sud- 

dently rise to 120 psi or more. However, 

such conditions are extremely remote since 

the normal drive will shear at pressures well 

below 120 psi. Three types of blockages of 

the p r e s s u r e side of the system were in- 

vestigated: 

1. Gradual blockage. Under these con- 

ditions, the fusible plug operated at the min- 

mum temperatures as shown in Table I. 

2. Rapid blockage of a pump operating at 

normal temperatures, viz., 280°F air 

temperature and 200” F body temperature. 

Under these conditions, the fusible plug 

operated at the maximum temperatures as 

shown in Table I. 

3. Rapid blockage of a pump operating at 

high normal temperatures, viz. , 375” F air 
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temperature and 250” F body temperature 
Under these cond~tlons, the fusible plug 
operated mthe shortestposstble tome, and at 
temperatures betweenthemlnlmumandmaxl- 
mum shown In Table I 

Test No 2 
The bench test shown m Figs 3 and 4 

was developed to e x p o s e va~,ous plumbmg 
systems to mternal fire, as produced by a 
malfunctlonmg v a c “urn system ~vlthout the 
necessltyfordamaglngordestroylnga 
vacuum pump m each test In this manner. 
test candltlons could be accurately controlled 
and various plumbmg systems could be com- 
paredundertdentxalcondlt~ons Compressed 
air and lubrlcatmg oil were pumped into the 
combustion chamber XI metered quantltles 
External heat applied to the combustion 
chamber p r o v 1 d e d Ign,t,on The resultmg 
Internal f,re passed through the test hose 
assemblies through an or,fxe, to mamtam 
pressure m the hose, and evhaus ted through 
a tall pope 

Temperatures and pressures dur,ng 
these tests were mamtamed at value s that 
could occur dunng actual system failures 
Thhls arrangementwas usedto compare relatl\e 
endurance of hoses, tubmg, and flttmgs now 
muse or proposed for future “se, m order to 
determine whether a practical system could 
be budt to withstand such Internal fxes 

RESULTS AND DISCUSSIONS 

Test No 1 
As md~cated from the fire tests of the 

B-29 engnx mstallatlonundcr sm~ulatrdfl~ght 
condlt,ons the air temperature m the system 
reached amaxnnum of 250’ F In the pressure 
port of the pump and s o m e w h a t less m the 
suctlonport W,ththevac”“mside completely 
blocked, amax~mum temperature of approul- 
mately 550” F was obtarned In the pressure 

port. and a somewhat lower temperature in 
the suction port The bench tests reproduced 
these rond~twns 

In some a,rcraft, under normal oper- 
atmg condltmns, air temperatures in the d,s - 
c ha r g e port of the pump as high as 367’ F 
have been attamed Thus fact particularly 
was kept m rnmd while conductmg tests on 
fustble plugs Even thou g h relatively Hugh 
temperatures result when the vacuum side of 
the system 1s blocked, fore 1s very improbable 
because excess Eve 011 makes the alr/f”el 
ratio too rich to md,ate combustion When 
the vacuum relief valve 1s blocked, va~,o”s 
blockages of the pressure side are Irrelevant 
because the pressure drops to zero 

Snnultaneous blockage of the v a c “u m 
and pressure stdes of the pump results m a 
no more severe condltlon than blockage of the 
pressure side only The most severe fire 
hazards occur when the vacuum rel,ef valve 
operates normally and condltlons on the 
p r e s s ur e side are varied from part,al to 
complete blockage 

Complete blockage of the pressure side 
was omitted In the final tests because such a 
condlt~on either sheared the pump drove or 
stalled the 20 horsepower motor Pressures 
of over 120 ps,were obtaIned by complete 
blockage of the pressure side of the system 

TABLE I 

CONDITIONS REQUIRED TO OPERATE FUSIBLE PLUG 
(Maxxnum Pressure In Exhaust Port of Pump - 90 PSI) 

Type of Plug and 
Meltmg Pomt 

Air Degrees F 

Mmunum MaxlmUm 
Gradual RapId 

Body Degrees F 

Mmmnum MaxlmUm 
Gradual Raptd 

Ml*l*“* 
Time 

Seconds 

AN-816-BD 

351” F 580 795 400 515 33 

AN-840-SD 

351’ F 500 690 350 400 11 

390-F 575 790 410 440 17 

450" F 640 890 460 490 26 



DETLIL El DETAIL b 

T”ERLIOCO”TLE MOUNTED WlTHlN HOSE &SSEhlBL” OIL CONTROL “ALYE 

Fig 3 Dtagrammatlc Sketch of Arrangement far SubJechng Hose Assemblies to 
Internal F,re 

It appears that ,“ter”al fire can be 
caused only when the air temperature wlthm 
the system ruses to abme 780” F, and the 
proper ratm of a,= to 011 vapor 1s present 

Vacuum pumps vary co”s,derably I” 

I 011 consumpt~o” However. it IS posstbie for 
most any pump to have (at sometime or 
another) the proper air/fuel ratm necessary 
for combustion, depend,“g upon the amount of 
a,= bemg passed and the engine o,l pressure 
on the pump at the txne, when suffwwntly 
hqh temperatures exist 

Varmus stages of blockage of the pres- 
snre 1,“e were used I” these tests As the 
blockage was mcreased, both the pressure 
and temperature Increased As the body 
temperature ofthe pump Increased, the pres- 
sure droppedfor any partxular sxze orlfxe 
For example, with a” or,flce of 0 1405 Lnch 
diameter. an mlt~al pressure of 60 psi re- 
suited, but, after a few m,“utes of operatm” 
the press~>re dropped to about 40 ps~ F,re 
canbe initiated atpresbures as low as 25 psi, 

this becommgposstble when the temperature 
reaches 780’ F After Ignltmn. the temper- 
ature InsIde the p r e s s u r e lme can r,se to 
above 2,400- F hone test. the 0~1 separator 
exploded I” this case. the test lasted 75 
seconds Inother tests, less than 30 seconds 
elapsed fromthe time of blockage of the prcs- 
sure hne to the tune of ,“te r” al ,g”,tm” 
Fig 5 shows a typxcal failure of the “~1 
separator The condltmns requred to melt 
the fustble plug located I” the vacuum pump 
exhaust port bass under a max,mum pressure 
of 90 ps, are g,ve” 1” Table I 

In o r d e r to ascertaIn that the fus,ble 
plug would not fall prematurely under the 
most extreme condltmns e n c o u” t e r e d I” 
normal operatmn. it was subJected to 

(a) se\,=” hours and f,fty-fwe m,“utes 
of oper~rmr. with pump outlet air tem- 
perature at 370” F and pump body tem- 
perature at 240” F, 
(b) five rnmutes of o p e rat 1 on at a” 
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Fig. 4 Bench Test for Subjecting Hose Assemblies to Intern-al Fire 

outlet air temperature of 400” F and a 

pump body temperature of 325” F and 

finally, 

(c) rapid blockage of the pressure 

side of the pump to 90 psi. The plug 

operated in 15 seconds at 560” F outlet 

air temperature and 365” F pump body 

temperature. 

The plug assembly used in this test was the 

modified AN-840-8D adapter with a 351” F 

alloy slug ins talled. A s ix-foot length of one- 

half inch I.D. hose was clamped to the 

adapter . Apparently this arrangement will 

not operate prematurely due to p r o 1 on g e d 

exposure to relatively high normal temper- 

atures. 

Fig. 6 illustrates how an improper 

fusible plug and o v e r b o a r d discharge line 

(AN-816-8D nipple with fixed-end-fitting 

hose) can fail to give the proper protection. 

This photograph shows that the alloy slug, 

after being properly released from its 

housing at the left, started tumbling as it 

passed through the overboard line (removed) 

and lodged crosswise in the entrance to the 

downstream fixed-end hose fitting at the right. 

In designing a fusible plug installation with 

overboard line, it is essential that the design 

be such that the alloy slug can pass through 

the downstream portion of the plug body 

freely and, that the remaining overboard line 

and fittings are of sufficiently large internal 

diameter to allow the plug to tumble without 

danger of lodging. 

The above r e s u 1 t s show distinct ad- 

vantages in using the modified AN-840-8D 

adapter (Fig. 7) with one-half inch I.D. hose 

and hose clamp on the Model 211 pump, and 

the AN-840-6D adapt e r with three-eighths 

I.D. hose and hose clamp on the Model 207 

pump rather than using the modified AN-916 

nipple with fixed-end-fitting hose attached. 

These advantages are due to the follow in g 

contributing factors: 

1. The AN-840 fitting has less metal 

and less cooling surface in contact with the 

air than the AN-816 fitting with the fixed-end 

fitting of the attached hose. Therefore, the 

temperature of the AN-840 fitting will be 

closer to the temperature of the pump body 

than that of the AN-816 fitting. 

2. The plugassemblyusingthe AN-840 



Fig. 5 Oil Separator Damaged by Malfunctioning of Vacuum System 

fitting includes a small slug which requires 

less latent heat of fusion to operate and, 

therefore, operates in less time. 

3. The useof the AN-840 fitting elim- 

nates the need for c h e c k i ng and possibly 

reaming the bore of the fixed-end fitting on 

the hose to assure that the alloy will be ex- 

pelled freely. 

4. The use of the AN-840 fitting elim- 

inates the possibility of the alloy slug lodging 

crosswise at the entrance of the downstream 

fixed-end fitting due to tumbling in the hose, 

even though precautions (item 3) have been 

taken. See Fig. 6. 

Additional tests were conducted to de- 

termine the best location of the fusible plug 

assembly. A PescoModel 207 pump with the 

one-eighth-inch pipe tapped hole in the ex- 

haust port boss enlarged to a one-fourth-inch 

pipe tapped hole was mount e d on the test 

stand. A fusible plug as shown in Fig. 7 was 

used. Table II compares the operating 

characteristics of identical fusible plugs in 

three different installations. 

From these results, it can be seen that 

the safety p r o v i d e d by the fusible plug is 

doubtfulunless it is placeddirectly in the ex- 

haust port boss of the pump body. 

A typical example of the p r o t e c t i o n 

offered by a fusible plug installation in a 

vacuum system is illustrated in Fig. 8. 

The first curve shows that 30 seconds after 

partial blockage (causing 90 psi in the pres- 

sure side of the system) was imposed on the 

system, a temperature of 800°F was reached. 

This resulted in fire as indicated by the rapid 

temperature rise. Temperatures above 

2,400” F have been recorded as a result of 

such ignition. 

The second curve shows that after 14 

seconds of partial blockage (90 psi) a tem- 

perature of 590” F was r e ached , at which 

time the fusible plug operated, relieving the 

e x c e s s iv e pressure; thereby allowing the 

temperature to return to normal. 
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TABLE II 

EFFECT OF INSTALLATION ON FUSIBLE PLUG OPERATING TEMPERATURE 

Installation 

Maximum 

Air 

Temperature 

“F 

Maximum 

Body 

Temperature 

“F 

Time 

Seconds 

In exhaust port boss 

of pump body 590 385 15 

In brass T fitting 

attached to exhaust 

port boss 

In brass hexagonal adapter 

attached to exhaust port 

boss 

720 475 32 

780 495 31 

ALLOY SLUG 

/ 

-FUSIBLE PLUG BODY AN-816-BD 

DOWNSTREAM FIXED END 

HOSE FITTING (HOSE REMOVEDb 
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Fig 7 Vacuum System Fusible Plugs 

A s u 1 t a b 1 e fus tble plug properly I,-,- 
stalled 15 no substitute for a properly de- 
slgned vacuum system It 1s Intended to pro- 
tect the vacunm B y s t e m and prevent fire, 
s~m,lar to the mstallatlonof a fuse ,n a pi-op- 
erly destgned electrical clrcutt for over-all 
protectwn of that system 

Test No 2 
Atemperature of 1, 600’ Fwas selected 

for test,ng endurance of the components af 
vacuum system 11nes because It 1s w,thr, the 
range of f1re t e m p e rat u P e 5 normally ex- 
perlenced and low enough to obtain a meas- 
urable trne of endurance A pressure of 15 
PSI was selected for safety Prev,ous ex- 
pertence had shown that hose as s e m b 1, e s 
would wIthstand s ~rnllar Internal f,res for 
equal perzods of trne whether aperated at the 
15 PSI selected. or at the 40 PSI expertaced 
under actual failures 

Table III s bows a comparison of the 
results of the lnte rnal fire (1, 600” F at 15 
PSI) on “arlO”* types of VacUUm system 
plumbing Under these condltwns, alum,num 
alloy tubing was destroyed m two nunutes and 
aluminum alloy end fLttlngs were destroyed 
xl five minutes The appearance of the flttlngs 
before and after the tests 1s shown r, Fig 9 

CONCLUSIONS 

1 Complete blockage of the vacuum s,de of 
the pump can produce vacuum system air 
temperatures above 550” F, but 1s not likely 
to result In fire 

5 TIME ,SECONDS, 

Fq .3 Typ~al Trne-Temperature 
Curves Illustratr,g Effect of 
Fustble Plug on Malfunctwang 
AIrcraft Vacuum &stem 

2 Partial black age of the pressure side 
causmg adxcharge pressure of 25pslor more 
can result tn a,r temperatures above 780’ F 
and readrly cause ,nternal f,res I,I the dls- 
charge ln,e 
3 Complete blockage of the pressure s,de 
can cause pressures of 120 ps, or more and 
generally results ,n s he a r lng of the pump 
drive before f,re can occur 
4 Flexible steel 1,nes betwe en the pump 
and alseparator aredeslrable and elrn,nate 
one po s s I ble source of system blockage 
However, they do not p r e v e n t f,re from 
occurrmg, and w h I 1 e they ~111 retax, fire 
wlthxn the m s e 1 v e s , they ~111 not prevent 
fires from spreading to other components or 
lmes since the 011 separator and the vacuum 
pump houslng can fall and allow the fire to 
attackother vulnerable portIons uf the acces- 
sory sectlo* See Figs 5 and 10 

5 A properlydes,gnedfus,ble plug u,stalled 
m the exhaust port boss of the pump ~111 re- 
llevethepressurewhenexcesslvelyhlgh 





TABLE III 

RESULTS OF BENCH TESTS SUBJECTING HOSE ASSEMBLIES 

TO INTERNAL FIRE 

Sample Composition Fittings 

Approx. Weight 

12-in Assembly 

Endurance 

Time 

A Rubber, cotton braid, 

asbestos braid Al. Al. 0.9 lb 1 min 

B Rubber, one metal braid Al. Al. 0. 75 lb 2 min 

C Rubber, two metal braids Steel 2.4 lb 5 min 

D Corrllgated S. S. tube, 

s. s. wire braid Steel 1.0 lb 

10 hr 

(undamaged) 

E Corrugated inconel 

tube, inconel braid Steel 1.25 lb 

10 hr 

(undamaged) 

F Corrugated S. S. tube, 

s. s. wire braid Steel 1.6 lb 

10 hr 

(undamaged) 

G Corrugated S. S. tube, 

s. s. wire braid Steel 1.7 lb 

10 hr 

(undamaged) 

Note: 1. These results compare the abilities of various flexible connections to withstand 

internal fire, but do not reflect their abilities to withstand the external fires for 

which most of them were designed. 

2. All test hoses were of one inch-nominal diameter. In actual flight operation, the 

currently used composition liner hoses become embrittled due to high operating 

temperatures. This causes pieces of lining to flake off and block oil separator 

screens and other parts of the system. 

Fig. 10 Vacuum Pump Housing Damaged by Malfunctioning of Vacuum System 
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temperatures are attamed. thereby lowermg 
the temperature before mternal ,gn,tmn can 
occur and yet not render,ng the ~acuurn 
system completely useless 

RECOMMENDATIONS 

It 1s rerommended that 

1 A suItable fustble plug be used m the 
p I- e s s u r e stde of all vacuum pumps The 
p r e s s u r e relief lme from the plug should 
discharge overboard, completely free of the 
a1rcraft 

2 Highly fire-resIstant flex, ble lmes be 
considered for use in any locatmn wh,ch can 
be SubJected to Internal or external f,re 
3 F,re-resistant plumbmgdevelopments be 
contmuedwith cons,deratmnglven to mternal 
as well as external fire resatance 
4 A properly mstalled fusible plug be used 
as an emergency safety demce. and not as a 
substitute for a prape rly desqned vacuum 
system 
5 Fustble plugs desqned ,n the future should 
be tested under cond~t,ons that ~111 result ,n 
f,re unlpss the plug gives proper protectmn 


