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MILITARY SPECIFICATION

MIL-F-17874B

20 AUGUST 1965

SUPERSEDING
MIL-F-17874A (WEP)
3 FEBRUARY 1960

FUEL SYSTEMS: AIRCRAFT, INSTALLATION
AND TEST OF

This specificalion is mandatory for use by all Departments and Agencics of the Department of Defense,

1. SCOPE

1.1 This specification covers the general
requirements for functional operation, instal-
lation, and testing of fuel systems for all
piloted aircraft, target drones and guided
missiles, and shall be followed except as other-
wise authorized by the procuring activity for
each design.

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue
in effect on date of invitation for bids or re-
quest for proposal, form a part of this speci-
fication t{o the extent specified herein:

SPECIFICATIONS
MILITARY

MIL-N-4180 —- Nozzles, Fuel and @il
Servicing,

— Engines, Aircraft,
Turbojet, General
Specification for,

— Bonding, Electrical
(for Aircraft).

— Gasoline, Aviation,
Grades 80/87, 91796,
1007130, 115/145,

— Tanks; Fuel, Aircraft,
Self-Sealing,

MIL-E-5007

MIL-B-5087

MIL~G-5572

MIL-T-5578

MIL-J-65624

MIL-N-5877

MIL-T-6396

MIL-L~6730

MIL-C-7244

MIL-C-8605

MIL-F-8615

MIL-D-8706

MIL-D-8708

MIL-S-8710

— Jet Fuel, Grades JP—4
and JP-5.

— Nozzle, Pressure Fuel
Servicing, Locking,
Type D-1.

—Tank, Fuel, Qil, \Water-
Alcohol, Coolant
Fluid, Aircraft, Non-
Self-Sealing, Remov-
able, Internal.

— Lighting Equipment,
Exterior, Installation
of Aircraft (General
Specification).

— Cap and Adapter Unit,
Filler, Tank.

— Cap, Pressure Fuel
Servicing,.

— Fuel System Compon-
ents, General Speci-
fication for.

— Data and Tests, En-
gineering, Contract
Requirements for
Aircraft Weapon
Systems. T

—Demonstration Require-
ments for Airplanes.

—Strainer, Airceraft Fuel
System, General Spa-
cification for.

—
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MIL-F-18802 — Fuel and Oil Lines,
Aircraft, Installa-

tion of.

— Tank, Fuel, Aircraft,
Auxiliary External,
Design and Installa-
tion of.

MIL-A-19736 —Air Refueling Systems,
General Specification
for.

MIL-A-25896 —Adapter, Pressure Fuel
Servicing, Aireraft,
Nominal 2% Inch
Diameter.

Lr T o
§ — L

MIL-T-18847

3w omey DVt swran ez e

ips, pgllivel 111

wiI
and Associated Lists.

STANDARDS
MILITARY
MS 29514 — Flange, Adapter Lock-
ing, Pressure Fuel
Servicing.
MS 33502 — Knob, Control, Fuel

Selector — Standard
Shape for.

AIR FORCE -~ NAVY AERONAUTICAL
AN2555 Nozzle — Aircraft Fueling.

(Copies of specifications, standards, drawings, and
publications required by suppliers in connection with
specific procurement functions should be obtanined
from the procuring sctivity or as directed by the
contracting officer.)

2.2 Other publications, The following docu-
ment forms a part of this specification to the
extent specified herein. Unless otherwise in-
dicated, the issue in effect on date of invita-
tion for bids or request for proposal shall
apply:

U.5. COMMITTEE ON EXTENSION TO THE

STANDARD ATMOSPHERE

U. 8. Standard Atmosphere, 1962

(Application for copies of the above publication
should be addressed to the Superintendent of Docu-
ments, Government Printing Office, Washington,
D.C. 20402.)
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3. REQUIREMENTS

3.1 Components. The approval and installa-
tion of components under the requirements
of this specification applies to functional com-
ponents as distinguished from such other
components as lines, fittings, and tanks. Fune-
tional components will generally include but
not be limited to the following: Pumps,
valves, strainers, filters, filler units, filler
caps, fuel center of gravuy \Cg) eontrol unu.b
fuel transfer pressure regulators, fuel tank
pressure control units. For logistic reasons
interchangeable components shall be utilized

to a maximum extent throughout the fuel
system,

3.1.1 Components approval. All functional
components employed in the fuel system shall
have passed the qualification tests required
in the applicable specifications. A list of all
functional components and their respective
qualification test reports shall be submitted
as required by MIL-D-8706 for review and
approval prior to installation of the compo-
nents in a production configured aircraft.
Components listed for approval shall include
sufficient identifying data, including the fol-
lowing, as applicable.

{a) Name of component.

{5} Vendor's part mrrrnlam o fan Ao s

L) VENUULD D pdlu HUInuel alildysul ulaw
ing number,

{c) Applicable Government specifica-

tions and drawings (and devia-
tions, if any).

{d} Present qualification or approval
status.

{e) Aircraft manufacturer’s drawing
and part number.

(f} Aircraft manufacturer's procure-

ment specification.
(g} Weight.

3.1.1.1 Standard components Components

l1-fe amd o mniis oman P — ne AT

Ul Llllb Lduegoly are Lllch Whlbh dalc L.UVt.‘:l.Cd
by applicable Qualified Products Lists (QPL},
Government specifications, and drawings.
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Those components which are listed on an ap-
plicable QPL or other Government approved
lists will be approved. Those components cur-
rently undergoing Government qualification
tests may be approved subject to satisfactory
completion of the tests. In the case of com-
ponents which are qualified or are undergoing
qualification, but which are being applied to
special installations not adequately covered by
applicable specifications, approval may be
granted subject to satisfactory service and
subject to completion of specia) qualification
tests pertinent to the particular installation.
In the case of those components which are not
listed on an applicable Government approval
list and which have not been submitted for
Government qualification tests, the submittal
of samples for such tests will normally be re-
quired; approval, in this instance may be
granted subject to satisfactory completion of
such qualification tests.

3.1.1.2 Nonsgtandard components. Compo-
nents in this category will be considered those
which do not apply under a specific Govern-
ment specification or drawing but which are
commercially availablie. Approval may be
granted on the basis of prior satisfactory
service experience and subject to satisfactory
service in the particular application.

1.1.1.3 New developinent compenents. Com-
ponents in this category will generally be
considered those which must be designed for
the specific aireraft application. Those com-
ponents will require the submission by the
aircraft manufacturer of detailed procure-
ment specifications and envelope drawings in
accordance with MIL-D-70327 for release by
the Government. Procurement specifications
shall be based upon the applicable require-
ments of MIL-F-8615, and shall be prepared
in nccordance with the appendix thereto.

3.1.2 Components installation. All eompo-
nents shall be designed to permit ease of
installation and removal. Components requir-
ing frequent servicing shall be installed so as
to be easily accessible. Quick-opening access
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doors in the aireraft skin shall be provided
where necessary.

3.2 Materials. All materials shall be suit-
able for the purpose intended. Magnesium
parts shall not be used in the fuel system.

1.3 Design and construction.

3.1.1 Fuel. The fuel system for reciproecat-
ing engine aircraft shall be suitable for use
with all grades of fuel conforming to Mil~
G-5572. The fuel system for gas turbine, ram
jet and pulse jet engine aireraft, unless other-
wise specified in the aireraft detad specifien-
tion, shall be suitable for normal operation
with fuel conforming to MIL-J-5624, grades
JP-4 and JP-5.

3.3.2 Piping. Piping shall be installed in
accordance with MiL-F-18802.

3.3.2.1 Linc sizes. Line sizes shall be chosen
to meet the requirements of 3.3.5. In addi-
tion, line sizes shall be adequate for satisfac-
tory normal fuel system operation down to
— 65° F. ambient air temperature for both
JP-4 and JP-5 fuel, provided the —65°F. air
temperature does not drop the fuel tempera-
ture below the freezing point of the fuel.

3.3.3 Tanks. Internal fuel tanks, except
self-sealing and integral, shall be in accord-
ance with MIL-T-6396. Self-sealing tanks
shall be in accordance with MIL-T-5578. Al
fuel tanks shall be securely anchored to the
airernft structure to prevent movement of
the tank in any direction with respect to the
aireraft. Each individual cell shall be capable
of installation and removal without requiring
removnl of any other cell or major compo-
nent of the structure. The installation shall
not be such as to require jacking of the
wings or nacelle to allow replacement of any
cell. It is desirable for the cell to be remov-
able through a nonstressed panel, involving
an absolute minimum of bolts and attaching
screws. External auxiliary fuel tanks shall
be in nccordance with MIL-T-18847. Integral

3
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tanks shall be in accordance with the follow-
ing:

(a) Integral tanks shall normally be of
clad aluminum alley construction
and shall be either anodized or
chemically surface treated, Where
it iz not practicable to have in-
ternal tank surfaces so clad, they
shall be protected against corro-
sion by means approved by the
procuring activity.

(b) Closed section stiffeners shall not be
used inside integral fuel tanks.
Stiffeners shall not be continuous
through fuel-tight bulkheads, un-
less the compartments on both
sides of the bulkhead are intended
to contain fuel.

(c) Single rows of fasteners shall not
be used in fuel-tight joints unless
the thickness of both pieces of
material to be joined is adequate
to prevent interfastener buckling
under the critical design ultimate
load for the joint.

(d) Tank design features shall allow
complete and free drainage of
fuel, water, and sediment fo the
lowest point(s) in the tank with
the aircraft in the normal attitude
on the ground, afloat, or on beach-
ing gear, A spring-loaded-to-close
drain valve of approved type shall
be provided at each low point and
such valves shall be readily acces-
sible and convenient to operate.
The low point(s) shall permit the
drainage of all water and sedi-
ment with a minimum of fuel less.

{e) The tanks shall be capable of being
sealed and maintained fuel-tight
throughout in service. Sealing
shall be in accordance with the
contractor’s process specification
approved by the procuring activ-
ity. Where sealing systems de-
pendent on the use of sealants are
employed, they shall be of the

channel type and shall provide for
sealant injection from the exte-
rior of the aircraft, unless other-
wise approved by the procuring
activity.

3.3.4 Fuel availability. The outlet in the
fuel feed tank(s) and the fuel beost pumps
shall be designed fo provide uninterrupted
fuel flow to the engine(s) under the condi-
tions listed.

3.3.4.1 Maneuvering requirenienis. Fuel
availability during maneuvering shall be as
listed in tabie I.

3.3.4.2 Landing requirements. Fuel avail-
ability during landing shall be as listed in
table IL.

3.3.4.3 Transfer fuel availability. Where
fuel fransfer systems are used, fuel delivery
to the engine(s) feed tank(s) shall be at a
rate not less than the rate of fuel consump-
tion of the engine(s) in the maximum thrust
{power) condition for all altitudes. Fuel shall
be available for transfer under the conditions
listed in table T1I1. A single functional failure
shall not make transfer fuel unavailable.

3.3.4.4 Fuel availabililty worning. A low
fuel level warning shall be provided in all
piloted aircraft and helicopters. In recipro-
cating engine aircraft. the low fuel level
warning should indicate approximately 30
minutes of fuel remaining in the engine feed
tank at the maximum range cruise power. In
gas turbine engine aircraft, the low level
warning should indicate approximately 25
percent of internal fuel capacity remaining,
or 30 minutes of fuel remaining in the en-
gine(s) feed tank(s) at maximum range
cruise power at 10,000 feet, whichever is less.
The low level warning system shall be en-
tirely independent of the fuel gaging system.

3.3.5 Engine inlet fuel feed conditions. The
condition of the fuel with regard to pressure,
temperature, and .associated parameters
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which affect engine operation, shall satisfy
the conditions listed in the applicable engine
model specification and as noted herein,

3.1.5.1 Normal fuel system operalion. The
condition of fuel at the engine inlet “cus-
tomer's” connection shall satisfy the appli-
cable requirements of table IV.

3.3.5.2 Fuel feed under extreme aircrafl
operating conditions. Under transient extreme
conditions of aircraft operation, the fuel sys-
temn need not necessarily provide fuel pres-

soannoetion within

sures at the “customer's”
LR A ™ WASLEI i R

SOUL ST S WL AR I= L )

the prescribed fuel pressure limits for normal
operation. Within allowable engine operating
limits of air speed, altitude, and ambient air
temperature, the fuel system shall not limit
the performance of the ajircraft, or cause

s sl s Wy

engine malfunction under such conditions.
As noted in table [V, where aircraft pump-
ing capacity may be marginal and engine
iniet fuel pressure may be below the engine
manufacturer’'s prescribed limits, a detailed
analysis and/or test of the condition will be
required for specific approval by the procur-
ing activity.

3.3.5.3 Takeoff with functional feilure in
fuel feed system. With any single failure of a
functional component of the fuel feed system,
or auxiliary system necessary to the proper
functioning of the fuel system, during take-
off and attainment of normal flight altitude,
it shall be possible to complete the attain-
ment of normal flight altitude and execute a
safe return to carrier or base. The condition
of fuel at the “customers” connection shall
satisfy the applicable requirements of table
Iv.

3.3.5.4 Funetional failure in fuel feed sys-
tem during aecrobatic mancuvers in multi-
engine aircraft. In multi-engine aircraft, any
single failure of a functional component of
the fuel system, or other system necessary
to the proper functioning of the fuel system,
shall not result in an unsafe condition of
asymmetric power or thrust.

MIL-F-17874B

3.3.5.5 Catapulting and arrestment with
partial fuel load. In all aircraft designed for
catapulting and arrestment, the fuel system
shall provide for sntisfactory engine fuel feed

at all fuel loadings down to and including the
lowest of the following quantities:

(a) The quantity of fuel for one cata-
pult, go-around and arrested land-
ing, including adequate reserve
for one wave-off, representing
routine carrier qualification train-
ing operations.

{b) Design mission minimum fuel load-
ing.

(¢) Twenty-five percent internal fuel ca-
pacity, representing an opera-
tiona! procedure of catapulting
from small carriers in light load-
ing conditions.

3.3.5.6 Maximum fuel pressure. From en-
gine fuel control considerations, the maxi-
mum fuel pressure at the “customers” con-
nection shall not exceed that preseribed by
the engine model specification under any
conditions of aircraft and fuel system opera-
tion without review by the engine manufac-
turer and specific approval by the procuring
activity.

1.3.5.7 Mazimuwm and minimum fuel tem-
peratures. Fuel shall be supplied at the *'cus-
tomers” connection at temperatures which
are not outside the range of the values given
in the engine model specification.

3.3.6 Fuel system arrangement. Maximum
simplicity of the fuel system consistent with
(1) weapon system requirements, and (2)
functional requirements of 3.3.5 is manda-
tory. The fuel system shall require minimum
pilot (or flight engineer) attention during
normal operation. For single and twin engine
aircraft, the system shall be so designed that
the aircraft cg travel is automatically main-
tained within prescribed limits during air
refueling and normal flight. For nircraft us-
ing three or more engines, a crew-controlled

5
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cg system may be used, subject to approval
by the precuring activity. For aircraft with a
design internal fuel loading of 4,500 gallons
or less, the servicing provisions shall be so
designed and located that an expansion space
of 5 percent, by volume, remains in each tank
when the tanks are filled to useable capacity.
For aircraft having a design internal fuel
loading of greater than 4,500 gallens, only 3
percent expansion space need be provided.
Positive shutdown of each engine, by its
associated engine feed line shutoff valve,
shall not exceed 3 seconds at sea level take-
off power. Feed line collapse shall not be per-
mitted for this emergency condition. Insofar
as practical, all fuel feed shutoff valves shall
be manually operated by mechanical push-
pull from aircrew stations, In fuel systems
where plumbing or functional components are
used for more than one function, i.e., fueling,
transfer, dumping, etc., the performance of
each individual system or the aircraft fuel
system as a whole shall not be compromised.

3.3.6.1 Muiti-engine fuel system arrange-
ment. It shall be possible to cutoff the fuel to
any engine or combination of engines without
adversely affecting the fuel flow to the re-
maining engines. When the fuel flow to any
engine or combination of engines is cut off, it
shall be possible to use fuel from any fuel
feed tank for the remaining engine or com-
bination of engines. For aircraft with three
or more engines, each engine shall be sup-
plied from a separate feed tank and system.
For two-engine aircraft, a single feed tank
may be employed if the engine feed systems
are designed such that a failure of one feed
system will not affect the operation of the
other.

3.3.6.2 Transfer system arrangement. Where
transfer systems are used, they shall be so
designed that the immediate attention or
immediate action of the pilot (or flight engi-
neer) for safety of flight during normal fuel
system operation is not required. Electric
transfer pumps need not be shut off automati-
cally when the tank is empty. Where fuel

6

jettisoning of transfer tank fuel is provided,
the pilot shall be provided with a means of
transferring in normal sequence or delaying
fuel transfer to permit jettisoning the maxi-
mum amount of fuel in an emergency. In
multiple transfer tank installations, failure
of the transfer system arrangement for any
one tank shall not prevent the transfer of
fuel from other tanks. Where failure of any
single functional component of the fuel trans.
fer system may result in lateral or longitud-
inal unbalance, an indicating system and ade-
quate control shall be provided to permit the
pilot to minimize the adverse condition. In
aircraft designed for use with auxiliary
(drop) tanks, this fuel shall be transferred
directly to the engine feed tanks. Fuel trans-
fer may be accomplished hy: (1) gravity,
(2) pumping systems, or (3) air/gas pres-
sure. The failure of a single functional com-
ponent of the transfer system shall not cause
loss of availability of the affected fuel.

3.3.6.2.1 Transfer at altitude. Fuel transfer
systems shall be designed to prevent fuel
slugging and foaming at ail altitudes.

3.3.6.2.2 Air pressure transfer systems. In
air pressure transfer systems which utilize
the same air source as is used for cabin pres-
surization and other functions where fuel
vapor contamination of the air source cannot
be tolerated, the air source shall be positively
isolated from such contamination by no less
than two series-mounted, zerp-leak check
valves, All pressure regulators shall be de-
signed to have a tendency to fail to the posi-
tion which provides tank pressurization. Fail-
ure of a pressure regulator to full-open posi-
tion shall not resuit in excessive tank pres-
surization. For dual-level pressure regulators,
the umit shall fail to the lowest level of
pressurization which ensures normal fuel
transfer. A single failure of any pressure
relief valve shall not cause structural dam-
age to the aireraft or fuel and vent system
and shall not affect the transfer rate of the
affected tank and systems. Depressurization
of tanks shall be accomplished by pressure
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relief. Complete fuel transfer shutoff may
be accomplished by depressurization, valving,
or both, and shall be accomplished in not
more than 10 seconds. All air pressure sys-
tems shall provide a ground service connec-
tion (type and size to be approved by the
procuring activity) for use of shop or ship air
when defueling. An accessible line-mounted,
field-cleanable flter shall be installed so as to
filter contaminant from all air used to pres-
surize the fuel system for either fuel trans-
fer or defueling.

means shall be provided to protect automati-
cally against subjecting the fuel tanks to
pressure on the ground and during takeoff
and for relieving the fuel tanks of pressure
prior io iandings. Means shaii be provided to
override the automatic feature and thereby
provide continuous pressurization to ensure
continuous fuel transfer for gear down op-
eration. Means shall also be provided for
stopping the passage of air through the fuel
transfer system after fuel is exhausted from
the transfer tanks.

3.3.7 Vents. All vents shall lead outside the
aircraft. Vent lines shall not be attached to
the filler unit or to the filler eap. Vent sys-
tems shall be designed to prevent loss of fuel
during any possible flight maneuver including
catapulting, arrested landing, and taxiing
with full or partially full tank. The aireraft
tank vent (¢} shall not weep or discharge fuel
under any operational ground attitude and
fuel loading. Vent outlets shall be located so
that fumes or liquid cannot enter any part of
the aircraft, water cannot enter the vent sys-
tem, and {uel siphoning or tank collapse will
not occur. Mud, dirt, dust, ete., thrown up
during takeoff and taxi shall not enter the
vent system. Vent outlets of aircraft capable
of continuous operation in icing conditions
shall have adequate nonicing provisions; vent
outlets of aireraft not capable of prolonged
operation in icing shall not be more critical
to ice accumulation than the basic airplane
{primarily the airplane flight surfaces). In

MIL-F-17874B

boat type seaplanes and amphibians, all fuel
tank vents shall terminate above the maxi-
mum gross weight water line and shall pre-
venti sea water spray during takeoff and land-
ing from entering the vant system. Vent
systems shall contain no traps or low points
which may collect condensate which could
freeze, unless the traps are completely
drained. For aviation gas fueled aircraft,
vents shall be so designed that the vapor
within the tanks is not diluted with air to
bring it toward the lean mixture range, ex-
cept as required to prevent tank collapse.

3.3.7.1 Extremae fuel temperature venting.
In addition to design of tank vents for reduc-
tion of fuel loss at aititude, the vents shall
provide adequate venting or pressure relief
consistent with tank strengih and siructurai
integrity under extreme hot fuel! conditions.
Temperatures shall be as specified in the air-

craft model specification.

utilizing pressure fueling systems shall in-
clude provisions for monitoring vent system
or fue! cell pressure during ground refueling
operations. The system to measure and dis-
play this pressure shali require the specific
approval of the procuring activity.

373 Vent line size. Vent line sizes shall
be consistent with climbing, diving, fueling,
and defueling requirements. To prevent over-
pressurization in the event of failure of a
fueling control component, vent lines shall be
capable of flowing the fuel flow rate of the
largest refueling shutoff valve in the fuel
system and the venting air flow requirements
of the remaining tank(s).

3.3.8 Fuel loss at altitude. A fuel tank pres-
sure system shall be provided where neces-
sary to prevent fuel loss due to vaporization.
foaming, or boiling. The maximum combined
fuel loss, for these conditions shall not exceed
2 percent, by weight, of the total fuel capac-
ity for any one fueling for jet fuels and &
percent for aviation gas. Where provisions

7
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are required, unless otherwise specified in the
aircraft detail specification, the method of
fuel loss control shall be a tank pressure sys-
tem. Determination of and control of fuel
joss shall be based on fuel specified for nor-
mal operation in 3.3.1 and initial fuel tem-
perature of 110° F.

3.3.9 Fueling and defueling.

3.3.9.1 Fueling rates. The fueling system
shall permit fueling all tanks, both internal
and external, to design capacity within the
time requirements specified on figure 7, when
fueled from the facility designated for pri-
mary design (see footnote 1, figure 7). Time
required to gain access to, remove and replace
filler caps, move the fueling nozzle from one
filler to another, and for pressure or gravity
fueling (as applicable}, and the decrease in
flow rate which may be required to permit
topping shallow tanks without spillage when
gravity fueling, shall be included in determin-
ing total time required to fuel the aircraft.

3.3.9.2 Fueling system selection. The type
of fuc_aling system provided shall be deter-
mined as follows:

(a) Pressure fueling provisions shall be
incorporated in all: (1) seaplanes
using aviation gas and (2) jet
fueled aircraft.

{(b) Gravity fueling shall be incorporated
- in all aviation gas fueled aircraft,
except as noted in (a).

3.3.9.3 Pressure fueling. Pressure fueling
systems shall provide for fueling all tanks,
both internal and external. For aireraft with
folding or tilting wings, the arrangement
shall ‘provide for fueling to design conditions
with wings both spread, folded, and tilted.
For maximum-  safety during ground opera-
tion, means shall be provided to supply power
only to ‘those electrical components needed
during fueling' and defueling of external
tanks. Electrical power shall not be required
to refuel the internal fuel tanks or to pre-

8"

check the refueling system operation without
approval of the procuring activity.

3.3.9.3.1 Pressure fueling adapiler arrange-
ments, Pressure fueling adapters shall be in
accordance with MIL-A-25896. Except for
seaplanes, their location shall permit fuel
servicing with a MIL-N-5877 pressure fuel-
ing nozzle by an average height attendant
while standing on the ground or deck., An
optimum location is considered to be between
3 and 5 feet above the deck; more extreme
locations will depend upon filler adapter ori-
entation and shall require procuring activity
approval prior to adoption. Additional pres-
sure fueling/defueling connections, or other
accessible apertures, shall be installed such
that the aircraft can be readily defueled
through the unit{s) in case of a wheels-up
landing without lifting the aircraft. For
carrier-based aircraft, particular considera-
tion shall be given to access while the air-
craft is parked close to the edge of the deck
and with wings folded. For seaplanes, the
adapters shall be located at one fueling sta-
tion, as close to the bow as practical but not
more than 40 feet aft of the bow, located for
receiving, handling and operation of nozzles
by personnel within the seaplane at sea and

ol 1 + i i
ulso located for convenient fueling,

docked, by an operation standing along side.
The mounting alignment of the adapters shall
be with respect to normal approach with the
fueling nozzle. Adjacent location of adapters
shall provide adequate clearance for muitiple
coupling of MIL-N-5877 nozzles in sequence
(minimum spacing of 15 inches between cen-
ters for side-by-side mounting). The number
of pressure fueling adapters shall be as re-
quired to satisfy the fueling and defueling
times in table V for the various types of air-
craft: All pressure fueling adapters shall be
bonded to aircraft structure in accordance
with MIL-B-5087. Grounding jacks shall be
provided at every tank or fuel cell filler open-
ing for grounding the pressure and gravity
fueling nozzles to the aircraft. All pressure
fuel filler units which are recessed behind
access doors shall incorporate positive provi-
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sions whereby the access doors may not be
physically secured unless the safety cap is
properly installed. Conventional, 3-inch nom-
inal diameter, filler units consisting of MIL~-
C-8605 pressure fueling adapter safety caps
and adapters conforming to the bayonet lock-
ing design detail of MS28514 shall be used.
Unless specifically authorized, nl' fAller units
shall be sealed to the exterior of the aircraft
to prevent the entrance of fuel ¢.r fuel vapors
into the interior parts of the aircraft.

3.3.9.3.2 Maximum fuecling pressure. The
pressure fueling system and each individual
tank to be fueled, shall be capable of receiv-
ing fuel without adverse effect upon the air-
craft from each of the fueling facilities listed
in footnote 1 to figures 7, 8, and 9 for all
aireraft. Maximum fueling pressure shall not
exceed 55 psig for any flow rate and the max-
imum surge for any shutoff condition shall
not exceed 120 psig, unless it can be shown
that a 180-psig surge limit ean be safely
utilized without an increase in weight over
the 120-psig system.

3.3.9.3.3 Fuel lcvel econtrol. The aircraft
pressure fueling system shall provide, within
the aircraft. for automatic control of fuel
fevel to design capacity or capacities and for
automatic fueling flow shutoff for safety of
tanks and aircraft when fueling at any rate
up to the maximum rate provided hy 3.3.9.1.
Where any single component, subcomponent,
or auxiliary system failure may result in
failure to shut off the fueling flow with
attendant possible rupture of tanks and air
craft structure, or failure to transfer fuel o
the feed tank, a secondary system of shutoff
involving a secondary component, subcompo-
nent. or basic system, as appropriate, shall
be provided. The secondary shutoff provision
shall provide for the same shutoff level as the
primary system. Single - seat, single - dia-
phragm wvalves may be used for fue! level
control for pressure fueling where a failure
of any one of these units will not cause fail-
ure of any tank(s), or other component (s} of
or in the fuel system. If gingle-seat, single-
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diaphragm valves are not utilized as de-
scribed above, dual-seat (in series) or dual-
diaphragm, single-seat valves shall be used.
Shutoff valves shall be designed to fail closed.
The pilot control systems for both single-
and dual-seat valves shall be of the dual float,
or equivalent type.

3.3.9.3.3.1 The fuel system shall incorpo-
rate provisions to limit surge to 120 psig.
However, a 180-psig surge limit may be used
if it can be shown that the system weight
does not increase over the weight required
by a system designed for 120-psig peak
surges. The surge prevention or arresting
device shall be designed such that its failure
will not cause the main valve to fail to
operate and shall be as approved by the pro-
cuning activity.

1.3.9.3.3.2 Where any single failure in the
fueling system may not be readily evident to
the fueling operator, means shall be provided
at the fueling station for the operator to
check for any single faiture prior to or dur-
ing fueling. The pressure fueling precheck
system shall not utilize electrical power with-
out approval of the procuring activity. Float
switches shall not be used to control transfer
fuel flow into the feed tank(s).

1.3.9.34 Selective loading, Means shall be
provided for selective fuel loading, either
inflight or ground, to any of the fuel loading
conditions specified under useful loads in the
aireraft detail specification. Internal transfer
of fuel shall not be utilized to meet this re-
quirement. Where one filler installation is
utilized to fill several tanks, the arrangement
shall be such that repeated topping-off is not
required to fill the affected tanks to design
capacity.

3.3.9.3.5 Masg loading, The pressure fueling
system shall provide for level control to the
design maximum weight fuel toadings speci-
fied in the aircraft detail specification and for
any intermediate loading from empty fuel
tanks to the maximum fue) loading. The leve)

9




Downloaded from http://www.everyspec.com

MIL-F-~178748

control system shall also satisfy the require-
ments of 3.3.9.3.3.

3.3.9.4 Gravity fueling. Al gravity-fueled

taﬂk }nnta“atluua ahdu bﬁ bﬂpab}\: Uf recaeiv-
ing fuel from a MIL~N-4180 or an AN2555
2-inch nozzle at a fueling rate up to 160 gpm
without blow-back. All gravity fuel filler units
which are recessed behind access doors, shall
incorporate positive provisions whereby the
access doors may not be physically secured
unless the filler cap is properly installed. Un-
less specifically authorized, all filler units
shall be sealed to the exterior of the aircraft

to prevent the entrance of fuel or fuel vapors

into the interior parts of the aireraft. Grav-
ity fuel filler caps shali be 3 inches in accord-
ance with MIL-C-7244.

3.3.8.5 Air vefueling. Provisions shall be
incorporated or the system shall be arranged
to permit the later incorporation of air refuel-
ing only if specified in the aircraft detail
specification. If air refueling is required, the

o nt hn 4 el 3 F 34
receiver prsbc need not o€ retractacie 11 it

can be shown that icing will not affect probe
nozzle operation and hence wartime mission
(in other than perfect weather) require-
mentis. The probe shall be installed such that

the hrnhn nozzle nn" m'hnn extenucd be well

ahead of the pilot and in his general line of
sight between the 12 and 2 o'clock positions.
For fixed installations, the probe location
shall be such that the nozzle appears below
eruise and Ingh speed ﬁlght. Boom and re-
ceptacle air refueling systems shall be as
specified by the procuring activity. For fur-
ther information refer to MIL-1-6730 and
MIL-A-19736.

3.3.9.6 Defueling. All pressure-fueled air-
craft shall provide for defueling, through a
standard pressure fueling tonnection, of all
tanks uu.}umuu)_.'. external dluypd.ulc tanks.
Where this defueling connection is not also a
pressure fueling point and the aircraft can
be damaged by pressure fueling at the de-

fueling point, means shall be provided to
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prevent pressure fueling through this point.
All gravity-fueled aircraft shall be capable
of being defueled by: (1) hose inserted
through the gravity filler opening, (2) two-

inch draln vnlvnu at the n\rui‘nm low pn}nt or

points, or (3) both. For aircraft with folding
or tilting wings the arrangement shall pro-

. vide for defueling to the design conditions

with wings both spread and folded or tilted

in eround nrmrnhr\nnl hnmi-

5 Y Cilie: 0s1t10n.

3.3.9.6.1 Defueling rates. For all aircraft,
it shall be possible to perform an operational
defueling procedure of rapidly defueling the
representative remaining fuel load, using the
standard pressure fueling equipment in ac-
cordance with figure 8, immediately after
landing the aircraft. The aircraft pumps and
transfer system may be used for defueling,
when approved by the procuring activity,

3.3.9.6.1.1 Emergency defueling. All types
of aircraft shall be capable of being com-
pletely defueled of maximum capability fuel
load within the defueling times shown on
figure 9. External electrical power and other
methods approved by the procuring activity
may be used in this instance. Suction defuel-
ing equipment will not generally be available
for seaplanes and defueling will be accom-

. plished utilizing the airplane internal power

system, except in special instances specifi-
cally approved by the procuring activity.

3.3.9.T Fuel jettisoning. Fuel jettisoning

shall be provided for all aireraft in accord-
ance with the following:

{a) Fixed and variable wing: The design
rate shail be based on exhaustion
of 98 percent of ail jettisonable
fuel at a minimum rate of 300
gpm, with the total dump not to
exceed 5 minutes, or as specified
in the detail aircraft specification.
Fuel shall _;r:.tt'lSuu clear of all
parts of the aircraft and no fire
or explosion hazards shall result
from fuel jettisoning. Tests shall

be conducted in accordance with

ﬂﬁ__—__-_- —— L
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4.10(a) to determine compliance
with the above design require
ments.

(b) Rotary wing: The design rate shall
be based on exhaustion of 98 per-
cent of all jettisonable fuel at n
minimum rate of 200 gpm with
the total dump time not to exceed
5 minutes, or as specified in the
detail aircraft specification. Fuel
impingement is allowed in non-
critical areas; however, no fire,
explosion hazards, or safely of
flight shall result from fuel jetti-
son. Entrance of fuel into the in-
terior of the helicopter, impinge-
ment of fuel in the area of engine
inlet, engine, or exhaust is not
permitted. Tests shall be con-
ducted in accordance with 4.10(hb)
to determine compliance with the
above design requirements.

3.3.10 Strainers and filters,

3.3.10.1 Tank outlet strainers. Number 8.
mesh strainers shall be provided on all tank
fuel transfer and engine fuel feed outlets
except that separate strainers are not re-
quired in addition to those normally pro-
vided on tank mounted pump inlets.

3.3.10.2 Reciprocating cngine feed line
strainers. Strainers in accordance with MIL-~
S-8710 shall be installed in the engine feed
line of all reciprocating engine installations.
The strainer shall be located upstream of any
vane type line-mounted auxiliary pump. The
strainer capacity shall be based on sea level
intermediate power fuel consumption.

3.3.10.3 Gas turbing engina feed ling strain-
ers. A cleanable and reusable strainer or filter
designed in accordance with MIL-S-8710
shall be provided for each engine of the weap-
ons system. It shall be capable of permitting
a cumulative fuel flow equivalent to a mini-
mum of 10 hours of continuous operation of
the particular airframe power plant combina-
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tion at maximum continuous rated sea level
thrust, with fuel contaminated as specified
in paragraph titled “Fuel contamination” of
MIL-E-5007, without actuating ithe impend-
ing by-pass warning device. An additional
154 =14 hours shall be accumulated prior to
operation of the by-pass valve. Pilot or crew
warning of impending by-pass valve opera-
tion shall be provided. The minimum area of
the element shall be 0.06 square inches per
1.0 pound of fuel flow per hour at maximum
fuel flow. A nonicing by-pass valve shall be
provided. Strainer capacily shall be increased
over the above listed minimum as necessary
for satisfactory engine inlet pressure require-
mentis.

3.3.10.3.1 Filier strainer anti-icing, The
weapons system airframe-furnished fuel fil-
ter (or strainer) shall be protected against
ice. If a heater is used, formation of ice in
the heater shall not affect aircraft and en-
gine fuel system performance and not cause
by-pass of the heater core. By-pass around
the heater core, in event of contaminant
clogging, shall be provided and shall be indi-
cated by a nonresettable visual indicator.

3.3.11 Vent and drain lines.

3.3.11.1 General. Unless otherwise author-
ized by the procuring activity, all vents and
drains which are a possible source of dis-
charge of combustible fuel or vapor over-
board shall be arranged in such a manner
that there shall be no impingement on the
aircraft under any normal conditions of the
aircraft operation. Where impingement is
authorized, there shall be no re-entry of the
combustible fuel or vapor into aireraft spaces
occupied by crew, or where a possible source
of ignition and explosion or fire hazard may
exist, or through seams which will “open”
during the normal operation of the aireraft,
throughout the service life of the aircraft.
Fuel tank vents shall be installed such that
fluids discharged will not contact ground
equipment normally parked about the air-
craft, when fueling the aireraft. No drains

11
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shall be manifolded together except at the
point of overboard discharge. All drains shall
be readily identified and easily accessible.
3.2.11.2 Dyains. Sufficient approved type
drain valves, spring loaded to the closed
position, shall be provided to permit draining

of all fluid from all low points in the fuel -

tanks and fuel system with the aircraft in the
normal oround attitude

iiifddiidas patuaiila Gusauaual,

the case of seaplanes and amphibians, on the
water, landing gear. and beaching gear atti-
tudes. Where fuel tank drains cannot remove
all fluid, inert fillings (or some other means)
shall be used to insure complete drainage.
[nstallation shall be such, that entrance into
fuel tank, shall not be required for replace-
ment of the drain valve.

+5 degorees. or in

R P Al v L1

3.3.11.2.1 Fuel tank compariment drains,
All areas surrounding fuel tanks shall be
drained and ventilated to: (1) remove the fire
hazard resulting from any fuel spillage or
Jeakage, and (2) prevent prolonged contact of
fuel with external tank surfaces, which could
result in outside activation of nonmetallic
fuel cells. The drainage and ventilation open-
ings shall remain at all times. There shall be
no trapped fluid.

3.3.11.2.2 Engine fuel system components
drains, Overboard drains from engine fuel
system components shall not be combined,
except as approved by the procuring activity.

3.3.11.8 Fuel system component vent lines.
Vent lines shall be installed on all fuel system
components which incorporate vent connec-
tions which may discharge fuel in case of
diaphragm or bellows failures. The vent lines
shall conduet fuel overboard in accordance
with 3.3.11.1.

3.3.11.3.1 Fuel pump vent lines. Positive-
displacement fuel pumps shall be provided
with a vent line fitted to the relief valve
housing and routed overboard, or to the car
buretor air inlet duct, as applicable. The vent
line fitting at the pump shall incorporate a
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number 60 (.040) restrictor to damp out pres-
sure fluctuations and to limit fuel loss in
event of a relief valve diaphragm failure.
Pump relief valve vent lines shall not be inter-

connectad wath nthar vont or rh'aln lineg, A
LRIV VLY ALal WlT L ARSI AN LR aAw

sufficient length of flexible hose shall be em-
ployved in vent lines to permit interchange-
ability of standard pumps of the same capac-
1tx with slightly different vent fitting loca-

3.3.11.4 Fuel system component seul drains.
Drain lines shall be installed on all fuel sys-
tem components which incorporate seal drain
connections. The drain lines shall conduct
leakage overboard to a location free of pos-
sible fire hazard and shall provide a negative
pressure at the drain connection.

3.3.11.5 Scupper draing. All filler unit scup-
pers, which can collect spiiled fuel during
filling, shall be provided with adequate drains
which lead clear of the aircraft.

3.3.12 Fuel system controls,

3.3.12.1 Arrangement. In all large multi-
engine, multi-tank installations the fuel sys-
tem controls in the pilot’s cockpit or at the
flight engineer’s station shall be arranged on
a fuel control panel by visual functional pre-
sentation. In smaller aireraft a visual func-
tional arrangement of fuel system control
shull be provided wherever practical.

3.3.12.2 Control handles. All fuel system
fuel control handles in the aircraft, except
electrical toggle switches, shall conform to
the shape of MS33502. In addition, control
handles for manually operated valves within
the aircraft shall conform to the dimensions
on figure 1.

3.3.12.3 Control linkages. Manual fuel sys-
tem control linkages shall be as simple as
practicable, with the minimum number of
universal joints, gear boxes, ete. Cable con-
trols shall be designed to avoid transmittal of
rigging loads to fuel valve shafts. The con-
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trol system backlash shall not exceed one
degree. Friction in the control system shall
not increase the turming torque or force re-
quired to operate the equipment by more
than 20 percent. Controls shall be designed
so that they cannot be incorrectly rigged in
service. Positive means shall be provided to
identify the correct setting of the equipment
being controlled. Torque type control handles
for electrically operated valves shall provide
for adequate torque to ensure against inad-
vertent turning and shall provide appropri-
ate "running torque” for positive indexing
“feel”. As a guide, the indexing torque shall
be based upon 20 +5 pound-inches for a han-
dle the size shown on figure 1. The indexing
torque shall decrease proportionally for han-
dles of smaller size and the “running torque"
should be between 30 percent and 60 percent
of the indexing torque.

3.3.13 Warning lights and indicators, The
following warning lights and indicators shall
be provided in the pilot's cockpit, if such
warning will provide the pilot information
which may affect the satisfactory and safe
completion of the mission. Otherwise, these
indicators shall be provided at the pressure
fueling precheck panel.

(a) Boost pump pressure (indicators)

(b) Transfer system or pump pressure
(indicators)

(c) Impending by-pass of the weapon
system fuel filier (warning light)

(d) Low level fuel warning {(warning
light)

Indicators, as distinguished from warning
lights, will normally be installed for functions
which do not require the immediate atten-
tion of the pilot for safety of flight but are
required for normal fuel system management
such as indication of empty auxiliary tanks
in the fuel transfer system. All pressure
switches shall be chatter-free at and near
the “make” and “break” points during vibra-
tion tests for slowly increasing and decreas-
ing pressures (in effect, if a test lamp is
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used, there shall be no observable flicker).
All pressure switches shall be mounted at an
elevation above that where the pressure
source is located. The sensing line between
the source and the switch shall not contain
any traps.

3.3.14 Fuel system operaling and mazimum
surge pressures. The normal operating pres-
sures for the aircraft fuel system shall not
exceed 60 psig in any portion of the fuel sys-
tem. Surge pressures during pressure fueling
and fuel transfer due to level control shutoff
valve action and trapped system pressure
due to thermal expansion, shall not exceed
120 psig, unless it can be shown that a 180-
psig surge limit can safely be utilized with-
out weight increase or sacrifice in system
performance. A symmary of all operating
conditions in which the fuel system pressures
will exceed 60 psig shall be submitted to the
procuring activity for review and approval.
All.-fuel system components shall be tested for
satisfactory performance, under maximum
anticipated normal operating pressures, and
nonfailure when subjected to maximum an-
ticipated surge and trapped fuel pressure.
Surge relief provisions incorporated in valves
shall be designed such, that failure will cause
the shutoff valve to fail closed or shall be as
approved by the procuring activity, Thermal
relief provisions shall be designed such, that
pressure buildup will not cause any fune-
tional component to fail to operate.

3.3.15 Fuel gaging. Al internal and ex-
ternal fuel, except for external tanker pack-
ages, shall be continuously gaged. For fuel
systems incorporating less than three tanks,
the presentation may be provided by inde-
pendent quantity indicators. For fuel sys-
tems incorporating three or more tanks, the
cockpit presentation shall provide continu-
ous indication of: (1) total fuel, (2) main or
feed tank fuel, and (3) any other tank so
selected.

3.3.16 Fuel system icing. The entire fuel
system shall be tested in accordance with

13
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4.17. System operation shall not be affected
by ice or icing conditions.

4. QUALITY ASSURANCE PROVISIONS
4,1 Sampling. Noi available.

4.2 Inspection. All fuel systems shall be
- inspected for conformance to the applicable
. requirements of this specification.

4.3 Tests. The following tests shall be con-
ducted and a report thereon shall be sub-
mitted in accordance with MIL-D-8706, ex-
cept:

(1) The fuel system analysis report, and
final fuel system schematic shali
be submitted to the procuring ac-
tivity for review and approval not
later than 8 months after award-
ing the aireraft contract.

(b) The fuel system test rig report shall
be submitted to the procuring ac-
tivity for review and approval at
least 1 month prior to first flight.

(¢} The production aircraft fuel system
test report shall be submitted
prior to procuring activity accept-
ance of the 10th production air-
craft.

(d) The flight test report shall be sub-
mitted to the procuring activity
for review and approval as soon
as available but not later than 1
vear after the first flight.

Tests under this specification include com-
putation and analysis as well as physical tests
as noted. The report shall Include, for infor-
mation and reference purposes, a complete
schematic arrangement of the aircraft fuel
system together with a listing by manufac-
turer and part number of all functional com-
ponents as defined in 3.1 and a fuel system
reliability analysis. Since tests are reported
separately, they shall be submitted as ad-
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denda or amendments to the basic fuel sys-
tem report rather than by separate report
title. Tests listed in this specification which
are not applicable to an aircraft shall be
listed by title with appropriate notation
rather than omitted from reference in the
fuel system test report.

4.3.1 Table V contains 8 summary of tests
required for demonstration of compliance
with requirements of this specification.

4.3.2 Figures 2, 3, and 4 show pages of a
typical test report. These figures represent
the type of presentation desired.

4.3.3 Revisions of, and addenda to, fuel
system reports and drawings shall be pro-
vided to the procuring activity within 90 days
after completion of testing or incorporation
of the modified fuel system into the aircraft
or test rig. In reports, the changes or revi-
siong shall be underlined. On drawings, the
revisions or changes shall be specifically
noted by an appropriate symbol and a sep-
arate note, on the same drawing, giving date
and aircraft effectivity.

4.4 Fuel availability,

4.4.1 Unaveailable fuel, Unavailable fuel for
transfer and landing shall be demonstrated
by filling the fuel tanks of the test vehicle
with a measured quantity of fuel and pump-
ing or transferring the fuel in normal operat-
ing manner. Unavailable fuel in the transfer
system is that remaining when the transfer
rate drops to zero for the specified aircraft
attitude. Unavailable fuel in the feed system
is that remaining when the fuel flow and
pressure drops below that required for en-
gine operation for the specified aircraft
maneuver. Fuel unavailable for landing is the
fuel trapped in the feed tank or tanks. Un-
available fuel shall be demonstrated on both

the fuel system test rig and a production
configured aircraft,
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4.4.2 Maneuvering availability. Fuel avail-
able for maneuvering shall be established by
calculation or other suitable means adaptable
to valid engineering analysis. Fuel unavail-
able for maneuvering is the fuel trapped in
the feed tank or tanks for the various maneu-
vers.

4.5 Engine inlet fuel feed. Fuel feed tests
shall be conducted on the fuel system test
rig and a production configured aircraft with
the fuel system in normal operation, over the
range of normal fuel flows to establish engine
fuel intet pressures and temperatures. The
test shall be extended over the entire range
of fuel feed capacity to establish extreme
limits of operation. Fuel feed tests shall be
conducted under all abnormal conditions of
fuel system operation including alternate
methods of normal fuel feed as well as emer-
gency fuel feed under all possible conditions
of a single functional failure in the fuel sys-
tem. The contractor will perform such ground
tests ns necessary to permit the predication
of engine-flameout, for the condition of air-
frame boost pump(s) not operating, at inter-
mediate rated, maximum continuous rated,
and maximum range fuel flows. Extrapolate
test data to design conditions, Engine shut-
down time shall be demonstrated.

4.6 Center of gravity travel. It shall be
shown by engineering analysis for both nor-
mal and emergency fuel transfer and feed
condition that, the aircraft cg is maintained
within prescribed aerodynamie limits. If the
fuel transfer and feed system arrangement
includes mechanical or other contro! of cg
travel, test rig and aircraft tests are re-
quired.

4.7 Fuel transfer rate. Fuel transfer tests
shall be conducted on the test rig and a pro-
duction configured aircrait to demonstrate
compliance with design fuel transfer rates.
Emergency transfer or fuel feed conditions
pertinent to any condition of posasible failure
of the fuel transfer system shall be included.

MIL-F-17874B .

4.8 Fuel tank venting tests.

4.8.1 Ground taxi. With the production con-
figured aircraft fuel tanks filled to design
capacity, taxi or towing tests shall be con-
ducted at normal ground handling speeds
including acceleration, braking, and right and
left turns on a smooth surface. Low speed
taxi or towing tests shall be conducted on a
simulated rough surface producing a two inch
sharp edge drop of port and starboard gear
alternately to provide two complete cycles of
lateral oscillation in a 15-second interval.
This test shall be repeated for alternate drops
of main and nose or tail gear as applicable to
obtain two complete cycles of longitudinal
oscillation. One complete 360-degree turn to
the right followed by one to the left, as fast
as possible, shall be performed without spill-
age. There shall be no venting of fuel over-
board through the vent system.

4.8.1.1 Ground static. Fill the fuel system
test rig fuel tanks to design capacity with
fuel at a temperature of 50° F. The fuel tem-
perature shall then be increased from 50° to
110° F. There shall be no venting of fuel
overboard through the vent system.

4.8.2 Climb and dive venting. A climb shall
be made by a production configured aireraft
to combat ceiling at maximum rate of climb
with normal fuel load or with all internal fuel
tanks filled to design capacity and with fuel
a3 warm as praclical up to design hot fuel
temperature but not less than 110° ¥. The
aircraft shall then be accelerated from V
cruise to V max. (max. Mach No.) by level
flight acceleration or shallow dive to altitude
for V max., as appropriate, to obtain tank
venting pressures over the entire range of
design air speed (Mach No.) With minimum
required fuel remaining for safe landing, and
starting from stabilized conditions in level
flight, at service ceiling, a dive at maximum
rate of descent to minimum safe pull-out
altitude shall be conducted. Fuel slugging
and loss during climb shall be checked by
direct observation and computation between

15
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estimated fuel consumed during climb and
fuel remaining at end of climb. Fuel tank dif-
ferential pressure shall be recorded during
the aireraft flight test.

4.8.3 Catapult and arrested landing. An en-
gineering analysis shall be made of fuel dis-

tribution under transient conditions of cata- .

pult and arrested landing to ensure that fuel

slugging and siphoning will not be encoun-

tered in service.
4.9 Fueling and defueling.

4.9.1 Pressure fueling. Fueling tests shall
be conducted on the fuel system test rig and
a production configured aircraft to verify
design filling rates, design fuel tank capaci-
ties, and compliance with 3.3.9.3. Tests shall
be conducted with the wings spread and
folded or tilted as applicable.

4.9.1.1 Pressure fueling system test equip-
ment. The aireraft pressure fueling and air
refueling systems shall be tested using a
ground refueling system which has a flow
capability of not less than 600 gpm at a noz-
zle pressure of 65 psig.

4.9.2 Mazimum rate fueling. Tests shall be
conducted under applicable maximum fueling
rate conditions to demonstrate that the fuel
svstem and each individuat tank is capable of
receiving fuel at the maximum rate without
attendant hazard.

4.9.3 Defueling rates. On all aircraft and
helicopters, operational and emergency de-
fueling tests shall be conducted to verify
compliance with 3.3.9.6.

4.9.4 Fuel level control. Tests shall be con-
ducted as appropriate to establish satisfac-
tory fuel level control in the pressure fueling
system.

4.9.5 Gravity fueling. Tests shall be con-
ducted to establish satisfactory fueling char-
acteristics of each filler unit to demonstrate
compliance with 3.3.9.4,
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4.9.6 Air refueling. Ground air refueling
tests shall be conducted on the fuel system
test rig and a production configured aircraft
to determine the maximum air refueling rate
and to determine compliance with 3.3.9.3.2,

3.3.9.3.3, and 3.3.14.

4.10 Fuel jettisoning. To determine compli-
ance with 3.3.9.7, tests shall be conducted as
Tasro -
(a) Fixed or variable wing: Fuel jetti-
soning tests shall be conducted:

(1) In level flight at 5,000 feet
altitude at 250-300 knots
indicated airspeed.

{2) Flight corresponding to op-
erational carrier approach
altitude, attitude, and air-
speed, including descent
from a marshal point.

{3) Flight corresponding to par-
tial power loss during take-
off and subsequent return
for landing. Partial loss of
power is defined as single
engine operation of a twin-
engine aireraft and 90 per-
cent rotor speed for single-

engine jet aircraft.

(b) Rotary wing: Fuel jettisoning tests
shall be conducted:

(1) Level flight at speeds of 10
knots to maximum cruise
speed at sea level. Tests
shall be conducted between
200 and 5,000 feef.

{2) Hover at an altitude of 50 to
200 feet.

(3) Autorotation from 5,000 feet.

The jettisoned fluid need not necessarily be
fuel, provided appropriate allowance is made
in the analysis for difference in pertinent
fluid parameters. In addition, a sufficient
quantity of suitable fluid having a volatility
comparable with moderately low temperature
fuel for low evaporation shall be jettisoned.
These tests shall be recorded by motion pic-
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tures during flight and by photographs im-
mediately upon landing.

4.11 Vent and drain line discharge. To de-
termine compliance with the design require-
ments of 3.3.11, provisions shall be incorpo-
rated in the test aireraft for the discharge
of suitable fluid dye from all vent and drain
line discharge points such as tank vents, pump
seal drains, and pressure switch vents and
drains, etc., where there may be a possibility
of fuel discharge in flight with attendant
impingement on the aircraft. At an altitude
between 5,000 and 15,000 feet in level flight
at cruise power, dye shall be discharged from
each applicable source. The test shall be
repeated with flaps extended, bomb bay open,
etc., for each source which may be influenced
by changes in the air flow and pressure dis-
tribution due to such aireraft configuration.
Results shall be recorded by photograph im-
mediately upon landing. In reporting this
test, all sources of fuel discharge on the air
craft shall be listed regardless of whether or
not they were subjected to the dye test. For
those not subjected to test, substantiating
data shall be furnished pertinent to the loca-
tions and type of discharge justifying the
omissions.

4.12 Surge and trapped fuel pressure. To
determine compliance with 3.3.14, maximum
surge pressure and trapped fuel pressure
tests shall be conducted on the test rig, on
the fueling, simuiated air refueling, if appli-
cable, fuel feed, and fuel transfer systems to
demonstrate safe maximum pressures. Surge
pressure measurements shall be made with
equipment capable of reflecting as closely as
practical actuai peak surge pressures. Fuel
system shutoffs including: (1) all possible
shutoff combinations, (2) insuring reproduci-
ble data which guarantees that the maximum
surge limits will not be exceeded shall be per-

f PR |
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4.13 Druins. Fuel tank and system drains
shall be checked on the actual aircraft to
insure contractor compliance with 3.8.11.
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Comments shall be tabulated on the func-
tional suitability of arrangement and ease of
accessibility of the following items:
(a) Scupper drains
{b) Fuel or fuel vapor entrance to inte-
rior of aircraft from filler units
during over-side fueling

{¢) Fuel system component drains
(d) Water drains

4.14 Vent icing. Comments on the suitabil-
ity of the fuel tank vents under icing condi-
tions shall be tabulated. Anti-icing system

. Aaboile o hal! be desenibed where apnli
uealgn details shall be described where appii-

eable.

4.15 Filler unit security. Comments on the
suitability of provisions against closure of
filler unit access doors, including both pres-
sure fueling and gravity fueling units with
the filler cap improperly secured shall be tab-
ulated.

4.16 Fuel system conirois. Comments on all
fuel system controls, except toggle switches,
with regard to conformance with standard
shape and adequacy of running and indexing
torque shall be tabulated.

4.17 Fuel system icing. Comments on all
fuel system components (pumps, valves, fil-
ters, screens, etc.) with regard to suscepii-
bility to icing shall be tabulated. Tests on
fuel systerns should be conducted at 28°
== 2° F., at the lowest fuel temperature ex-
perienced in flight, and at 15° F., The most
critical temperature from the icing stand-
point occurs at about 16° F. according to the
best information available to date. All sur-
foces of fuel system components in contact
with fuel shall be at, or below, the normal
surface temperntures which will be encoun-
tered in operational use., All systems shall

be capable of winter operation with fuel con-

ditioned in accordance with 4.17.1. Ice will
build up on components from flight to flight
under winter operating conditions. When
running tests, the conditions of the apparatus

17
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should be such that ice from previous tests
is not destroyed between test runs.

4.17.1 Evaluate aircraft fuel systems to
ensure that icing does not adversely affect
the operation of any of the aircraft fuel sys-
tem components. All aircraft fuel systems
shall be capable of continuous operation with
fuel saturated at 80° F. and cooled to test
temperature. Tests of components and sys-
tems shall be conducted to demonstrate their
capahility of satisfactory operation for the
design mission plus one in-flight fueling. Test
temperatures shall be dictated by actual
measurements from the aircraft during op-
eration with fuel preconditioned in accord-
ance with the following procedures {see fig-
ure 6}

Conditioning procedure for saturated fuel
at 80° 4+10°, —0°F. Use the primary jet
fuei of the procuring activity, JP—4 or JP-5
with 10 4-15, —0 percent aromatics.

(a) Circnlate fuel from storage tank
through the facility heat ex-
changer and back to the storage
tank until fuel has been heated to
approximately 90° F.

{b) Establish a fuel flow from the stor-
age tank throurh a transfer pump
rig with a by-pass around the
filter/water separater open, and
return flow to the storage tank.

(¢} With flow established through stor-

age tank, atomize, with a pneu-
matic atomizing nozzle, 1 gallon
of water per 1,000 gallons of fuel
at a rate of approximately 50 cc
per minute.

(d) After ail water has been atomized
into the fuel in the storage tank,
continue circulation for approxi-
mately 5 minutes. Then close by-
pass valve and direct fuel flow
through filter/water separator.

(e} connect ocutlet of filter/water sep-
arator to inlet of the test tank
and pressure fuel the test tank to
the desired test volume.

18

(f) Establish a circulation of the fuel
in the test tank. This may be
accomplished either by using the
aireraft engine fuel hoost pump(s)
or o separate circulating pump.
The circulation shall be from the
tank through a cooling heat ex-
changer and back into the tank
terminating in a spray bar located
below the fuel levei, If the fuei
hoost pump(s) is used to circulate
the fuel, provisions should be in-
cluded for isolating the cooling
heat exchanger and associated
plumbing from the airerafi sys-
tem during the test.

{g) Analyze samples frem three points
in the bulk of the fuel by the
Karl-Fischer method. The average
quantity of water from the three
samples shall contain not less than
the amount required to saturate
the fuel at 80° F. and not more
than this content plus 15 parts
per million. The amount of water
required to saturate fuel varies

" for different fuel blends. No fuel
which is saturated with less than
90 parts per million shall be used.

{h) Cool the fuel to test temperature at
a rate determined by the actual
fuel eooling rate in the aircraft.
Cooling by circulation through a
heat exchanger shall be used.

(i) Repeat step (g) at test tempera-
fures,

(j} Terminate circulation.

(k} Run the test.

(i) Repeat step (g) at test tempera-
tures. Upon completion of the test

the fuel should not contain less
. than 90 parts per million.. .

4.17.2 Aircraft shall also be capable of
emergency operation with an excess of wafer
in the fuel system. With 0.75 cc/gal. of free
water in the fuel system, in addition to the
saturated fuel, the aircraft and engine fuel
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system shall eontinue to operate in such man-
ner that the safety of flight of the aircraft
is not jeopardized. In order to assure that a
safety of flight condition does not exist, the
engine must maintain at least minimum
flight power for 30 minutes. Fuel for this
test should be preconditioned in accordance
with the following:

() Repeat steps (a) through (g) of
4.17.1.

(b) Commence cooling to the desired
test temperature.

{¢) Still maintaining circulation of sat-
urated fuel in the test tank, atom-
ize 0.75 cc of water per gallon of
fuel through two pneumatic atom-
izing nozzles located approximate-
1y 1 inch below the surface of the
fuet in the test tank.

Note: This procedure for establishing o desired
amount of water in suspension should be concluded
by adding small amounts (approximately 100 cc)
and then allowing o period (approximately 5 min-
utes) for proper distribution. In any event, however,
all water shnll have been ntomized before fuel tem-
perature in the test tank decrcases below 45* F.

(d) Immediately upon reaching test
temperature, begin the test run.

(e) Upon completion of the test, the
fuel should not contain less than
0.60 cc/gal. of water over the
quantity required to saturate the
fuel at 80° F.

4.17.3 Fuel filter by-passes shall not stop
fuel flow even under the most severe icing
conditions. The following test shall be per-
formed on the weapon system strainer or
filter. For tests to determine if by-passes

Custodians;
Army--MO
Noavy—WP

Reviewer activities:
Army—MO
Navy—WP

User nctiviton
Army—
Navy—

MIL-F-178748B

operate satisfactorily under these conditions,
2 cc/gul, of free water over saturation shall
be added in accordance with the following:

(n) Repeat steps {a) through (g) of
4.17.1.

{b) After fuel is saturated and the ex-
cess water has been drained off
but before cooling, atomize 2 cc/
gal. of water over surface.

(c) Immedintely begin rapid agitation
and cooling simultaneously, thus
keeping the free water suspended
in the fuel.

{d) Immediately upon reaching test
temperature, begin the test run.

{e) Upon completion of the test, the
fuel should contain not less than
1.60 cc/gal. of water over the
quantity required to saturate the
fuel at 80° F.

4.17.4 The heater shall be tested as ap-
proved by the procuring activity.

5. PREPARATION FOR DELIVERY
Not applicable.
6. NOTES

6.1 Intended use. Material and design re-
quirements covered in this specification are
intended for use by aircraft manufacturers
designing and producing aircraft for the pro-
curing activity.

6.2 This specification may be used as a
guide for the design of fuel/propellant sys-
tems using fluids other than conventional
hydrocarbons.

Preparing activity:
Navy—WP

Project No. 2915-0011
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TAELE V.  Fuel oystem lesi equipment suTmary
Applicable Applicahln Pinimm requlrements for Contract data
Test ltem test dasign demonstrating ati;factcry deaign ar
paragraph paragraph *-,E.“-_GP_Z“_
Fuel Standard — 3.1.1,1 Gov't. qualification temt undar MIL-D-B870
system applicable AN or MIL specificatlon,
componsnts Honstandard — 3.1.1.2 Prier satislfactory service. MIL-D-B706
Hew developTent _— 3.1.1.3 Vendor or waircraft manufacturer MIL~D-8706
qual. test under vendor or alrcraft
manufacturer Spec. appreved by pro-
curing sctivity.
Reliability anaiysis | 4.3 ~—= Enginesring analyais, MIL-D-8705
Fuel Maneuvering h.h 3.3.4.1 Production aireraft, test rig, amd MIL-D-B706
availability landing 4.4 3.3.5.2 }cnginecring analysis. MI1-D-B706
Transfer Laob 3.3.4.3 MIL-D-8706
Engine Normal L.5 3.3.5.1 Preduction aireraft, test rig, and MIL-D-8706
inlet Extreme L.5 3.3.5.2 } enginuering analysis. MIL-D-8705
fuel feed TO w/functional fail | 4.5 3.3.5.3 MIL-D-8706
Maneuver w/functional]l 4.5 1.3.5.4 Engineering analyais. MIL~-D-2706
failure
Catapult w/part fuel | L.5 3.3.5.5 Engineering analyeis. MIL-D-B704
load.
%G control L.5 3.3 Production Bircralt, Lesty rig, and MIL~-D-8706
anginsering analyais. 2
Thnel transfer rate L.7 3.3.6.2 Teat rig. MIL-D-8705
Venting Ground taxi 5.8 3.3.7 Test alrcraflt. MIL-D-8708 3/
01izb 4.8.2 3.3.7 Flight test MIL-D-8708
Lavel flight 4.8.2 3.3.7 Flight test, MIL-D-E708
Dive L.8.2 3.3.7 Flight test. MIL~D-8708
Catapult w/arrested 5.8.3 3.3.7 Engine analysis MIL-D-8706
landing
Fxtrema fuel temp. 3.3.7.1 Test rig and =ngineering analysis. MIL-D-8706
Fuel loss 3.3.8 Test rig and engineering analysis. HIL-D-B706
Tark preasure gontrol] 3.3.8 Test rig and engineering analysis. MI1-D-8706
Fusling and  Fueling rates L.9 3.3.9.1 Test rig. MIL-D-8706
defueling Maxirum rate fueling | 4.9.2 3.3.9.3.2 Test rig HIL-D-8706
Defusling rate 4.9.3 3.3.9.6.1 Test rig MIL-D-8706
Epergency defusling 4.9.3 3.3.9.5.2.1| Test rig MIL-D-&706
Fuel level control £.9.L 3.2.9,3.2 Test rig MIL-D-8706
Pressure fualing L.5.1 3.3.9.4.1 Test rig and production aircraft MIL-D-8706
Gravity fusiing w.9.5 9.3.9.. Teat rig MIL-D-8704
. . _Mrorsfueltryg | L.5.5 | 3.3.9.7 Frotluction and test ig MI1-D-B7D6
fuel jettisoning 4.10 1.3.9.7 Flight test. MIL-D-B8708
Vent and drain lins discharge L.13 3.3.11.1 Flight test. MII-D-8708
Surge pressuras 412 3.3.14 Test rig and engineering analysis. MI1~-D-B706
Drains L.13 3.3.11 Actual aircraft and checkoff limt. MIL-D-8704
Vent icing [ 3.3.7 Checkoff list, MIL-D-B7C4
Filler unlt security L4.15 1.3.9.4 Checkoff list MI1-D-H7D6
Puel pyatem controls L.16 3.3.12 Checkoffl 1ist, HII~D-8708
Fuel synten icing .17 3.3.15 Analysis and tast rig ¥I1-D-B706

1/ Minimm demonstration requirements follew in order of precedenca from lowest to highest together with definitien.
Demonsiration may be sccomplished by the method 1imted or any method of higher pracedence:

{8) Checkoll 2ist ~ Tabulate item together with p/n, descripiion of location, installation leatures, stc., as
appropriate to eatablish compliance with design requirement.

(b) Engineering analysis - Applies primarily to fuel cp location and availability for feed or transfer under
conditions which do not lend themselves to simple tost rig, ard te icing susceptibility.

(c) Test rig - Functlonally duplicate mockup of cozplete or individual secticns of the fuel sysiem, 8= pertinent,
tested undar design cenditicns.

(d) Test aircraft - Use aztual aircraft in liew of test rig.
{o) Test rig and engineering enalysls - Extrapolation of off desipgh point test rig data to actual design conditieone.

(r} Flight test — Conduct flight test on actual airplane under design conditiona, Tnclude engineering analyeis of
test resulis as appropriate.

2/ Test rig required only if cg is mechanically controlled,

3/ Submit KI[~D-8708 items by separate appending report.
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1/ Fueling:

INTERNAL FUEL - ALL AIRCRAFT - GALLONS 1y

(a)} The fueling facilities for primary design of aircraft
fuel pystems shall be USAF-F5, AFS32R-2, and hydrant systems.
The gystems shall also function satlafactorily when refueled
from Navy carriers, tank trucks, and seaplane tenders, as
appropriate (see figure 5).

{b) Ferry fuel overlead and sisdilar nonstrategic and non-
tactical overload conditions are excepted insofar as fueling

time is concerned; however, the aircraft shall be capable of
being fueled to maximum capacity.

FIGURE 7. Fueling
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INTERNAL FUEL LOADING - ALL ATRCRAFT - GALLONS 1/

1/ Operational defueling: Operational defueling applies to conditiens
of the aircraft on landing aboard a carrier with 25 percent
of maximum f:el, or LO percent of internal fuel, or 1,500
gallons, or the maximum permissible fuel load for landing
aboard, whichever is less, except that if maxdmum permissible
fuel for landing aboard is less than 25 percent of internal
fuel, the defueling Lime shall be based on 25 percent of
internal fuel remaining. External air and electrical power
may be used to aid defueling, as approved by the procuring
activity.

FICURE 8. Operaticnal defueling
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LTERNAL FUEL LOADING - ALL AIRCRAFT - GALLQMS L/

11 shed

maximum (both

} fuel capacity and may be accomp!

with external alr and electrical power, etc., as approved by

the procuring activity.

Emsrgency delfusling applien to

internal and external

cy defueling

Emergency defueling

FIGUFE 9.
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