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FRONT AND BACK COVERS -

PATROL SQUADRON
SEVENTEEN was called to active
duty as VP-772 in September 1950
and became the first reserve unit to
participate In the Korean conflict.
At the conclusion of the war, the
squadron returned to NAS Whidbey
Istand, Washington, and established
itself as one of the best antisub-
marine warfare units in the Pacific,

Early in 1953, the squadron drop-
ped its reserve designation and
became part of the regular Navy,
Also in 1953, VP-17 exchanged its
flight-weary P4¥Ys for Lockheed
P2V-6s, In 1956, VP-17 was desig-
nated Heavy Attack Mining
Squadron Ten for a three-year
period. The sguadron returned to
patrol aviation in 1959, and the
“white lightening” insignia on the
P2V-6 Neptunes was seen through-
out the Pacific.

During the next few vyears, the
squadron received the Chief of
Naval Operations Maintenance
Award and the coveted ‘'triple
crown’” of ASW — the Chief of
Naval Operations Safety award, the
Battle Efficiency ““E' for Pacitic
squadrons, and the Isbell ASW
trophy signifying excellence in air-
borne antisubmarine maneuvers.

In 1968, VP-17 transitioned to the
P-3 and moved to its present home
base, NAS Barbers Point, Hawaii.
Subsequently, the squadron per-
formed a variety of operational
missions in support of the South-
east Asia conflict. In 1971, VP-17
became the first Pacific Fleet patrol
squadron to participate in the joint

North/South American training
exercise, UNITAS XII.
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In January 1972, the squadron
deployed to NAF Naha, Okinawa
with detachments at NAS Cubi
Point, Republic of the Philippines
and Tainan, Taiwan. The overall
performance of the squadron dur-
ing this period was praised by
senior commands.

Upon return to NAS Barbers Point
in August 1972, VP-17 completed
Intensive training in the use of the
sophisticated new equipment in-
stalled on squadron aircraft. In
1973, VP-17 was once again
deployed to NAS Cubi Point with
detachments in U-Tapao, Thailand
and NAS Guam. In October 1973,
the squadron flew the final Market
Time combat support patrol, which
marked the end of over 10 years’
daily surveillance flights by patrol
squadrons In the South China Sea
during the Vietnam conflict.

Upon return to NAS Barbers Point
in November 1973, VP-17 began a
period of high-intensity operations
in the MIDPAC operating areas
followed by a ready-alert period ot
unprecedented length — May
through October 1974,

In December 1974, VP-17 deployed
to Naha Air Base, Okinawa, and
then In May 1975, relocated to
brand new facilities at Kadena Air
Base, Koza, Okinawa. The squadron
operated throughout the Western
Pacific, China Sea, and Indian
Ocean, and were involved in surveil-
lance patrols of the Vietnam
refugee evacuation and support
patrols for the recapture of the
hijacked merchant ship SS
Mayaguez. Their efforts once again
earned them the Pacific Fleet Battle
Efficiency award, the big “E,” for
maintaining the highest battle read-
iness of any mid-Pacific patrol
squadron for July 1974 to
December 1975.

Following a six-month deployment
to NAS Cubi Point, VP-17 returned
home to Hawaii in November 1976
and embarked on an intensive two-
month training cycle. Since January
1977, VP-17 has patrolled the mid-
Pacific. With its strong esprit de
corps, VP-17 looks with confidence
to the years ahead.

editor | WAYNE CRADDUCK

assistant editors LUCILE HEMANN

EMERALD JONES

art and
production by ALLEN LUDLOFF

CONTENTS

OPERATION ECONOMICS

FLIGHT PREPARATION . ......... o)
External Configuration . ... ...... 4
Surface Cleanliness . ........... .7
Loading . ....... ... .00 iiu.n . 8
Fueling . ... ... ... . e eer.. .9
FlightPlapnning .. ............. A1
Ground Tests, Starting, and Taxiing.13

FLIGHT OPERATION .. ........... 13
Takeoffand Climb . ... ........ 13
Transit . . . . 14
Loiter ... e e 16
Descentand Landing . .. ......... 18
Operation Under icing Conditions .18

CONCLUSION |, .. ... ... . ... 18

The Lockheed Qrion Service Digest is
published by Lockheed-Califorma
Company, Burbank, California. Material
is not officially approved by the FAA,
CAB, or any of the military services
uniess specifically noted. WNilitary
personnel are advised that direct use of
the information in this publication may
be restricted by directives in their
organization. NMaterial contained herein
15 not classified, but strictures against
unauthorized and indiscriminate
dissemination of military information
apply. Republication of material 1s not
sanctioned unless written permission 1s
granted by Lockheed-Califormia
Company. Regulations require that
republished material conform to the
latest information and changes.

COPIES REQUIRED OR CHANGE OF
ADDRESS — Please send your name;
present address; occupation; your
organization's name; and, if applicable,
your old address as impnnted on a
Digest envelope to:

YOUR LOCAL LOCKHEED-
CALIFORNIA COMPANY SERVICE
REPRESENTATIVE OR LOCKHEED
ORION SERVICE DIGEST, DEPT.
64-18, BURBANK, CALIFORNIA
91520.




Operation
Economics

by Carl F. Friend

Senior Research and
Development Engineer
Aerodynamics Department

Recent world events have highlighted our need to
better manage our fuel resources. No longer is fuel
cheap and plentiful; consequently, we must learn
to use it more efficiently. In the airborne ASW
community more efficient fuel use can be directly
translated into a longer radius of action, more time
on station, more fuel for future missions. This can
only be achieved by careful mission planning and
by using economic aircraft operating procedures.
We shall address these topics as they apply to the
P-3C Orion aircraft. Operators of other models of
P-3 aircraft can apply the principles discussed in
this article to their activities as well.

FLIGHT PREPARATION

During flight planning, careful consideration of
flight operation and tactical requirements is of

primary importance. Among the tactical require-
ments are internal and external stores, fuel loading,
and the systems that are needed to perform the
mission. Maximum operational economy demands
use of only those systems and transportation of
only those stores that are essential to the mission.

EXTERNAL CONFIGURATION The P-3C NATOPS
Flight Manual, NAVAIR 01-75PAC-1, lists relative
aerodynamic drag values (drag counts) for various
external equipment and stores. During flight plan-
ning, the sum of the external stores drag counts is
used to determine the drag effect of these stores on
aircraft performance. The total drag count is used
to select the proper charts or tables for determin-
ing mission fuel requirements, mission radius, time
on station, and so forth. The drag counts of various
externally carried equipment and stores are listed
in Table 1.



STORE — INCLUDING . ~ STORE — INCLUDING
ITSPYLON (FOR ANY L ITS PYLON (FOR ANY
APPROVED EXTERNAL  DRAG COUNTS  APPROVED EXTERNAL DRAG COUNTS

CARRIAGE) ~ (PER STORE) . CARRIAGE) (PER STORE)
NO EXTERNAL STORES .« 5 MK 76 PRACTICE BOMB 40"
OR PYLONS o o
_- MK 82 BOMB (LOW DRAG) 30"
PYLON (SMALL, MINE LAYER o0 e
OR # AERO 15D) e MK 82 BOMB (RETARDED TAIL) 40*
LAU-10 ROCKET POD (FAIRED) a5 - MK 83 BOMB (LOW DRAG) 37*
LAU-10 ROCKET POD | onp MK 83 BOMB (RETARDED TAIL) 54"
(UNFAIRED) | |
| | MK 87 PRACTICE BOMB 40"
LAU-68A {FAIRED) - e
7-2.75 FFAR POD | MK 106 PRACTICE BOMB 40*
LAU-68A (UNFAIRED) _ L Bee MK 124 PRACTICE BOMB 40*
7-2.75 FFAR POD |
AGM-12B MISSILE 65
LAU-61 OR 69A (FAIRED) 47" (INCLUDING AERO 5A-1 LAUNCHER)
19-2.75 FFAR POD 1 ;
AGM-84A MISSILE 65
LAU-61 OR 69A (UNFAIRED) 109" URCLUGE L ABE il LasiierEn)
9.2.75 FFAR POD ' |
1 AERO 5A-1 LAUNCHER 35
MK 25 MINE (FAIRED) 150 i *
- SUU-40 FLARE DISPENSER 45
MK 25 MINE (UNFAIRED) 230 ;
| SUU-44 FLARE DISPENSER 45
MK 36 DESTRUCTOR 30" | |
(LOW DRAG) PMBR (ANA-SUK-18/A378-3) 40
id THREE MK 24 MOD-3 49
MK 36 DESTRUCTOR 40 _ PARAFL ARES
(RETARDED TAIL) (INCLUDING PMBR)
MK 40 DESTRUCTOR 37" SIX MK 24 MOD-3 58
(LOW DRAG) | PARA-FLARES
(INCLUDING PMBR)
MK 40 DESTRUCTOR 54* L
(RETARDED TAIL) | GTC 85-15 50
MK 52 MINE (FAIRED) 90 ESM (ALQ-78) 60
MK 52 MINE (UNFAIRED) | 145 | LOW LIGHT LEVEL TV 75
MK 55 MINE (FAIRED) 150" IRDS EXTENDED 100"
MK 65 MINE (UNFAIRED) 230" MANEUVER FLAPS 600"
MK 56 MINE (FAIRED) L aen .  WEAPONS BAY OPEN 1000”
MK 56 MINE (UNFAIRED) | Foue P | 'LA:NDING GEAR EXTENDED 2000"
“ESTIMATED b  *ESTIMATED

Table 1. External Store Drag Counts



For any given aircraft weight, altitude, drag
configuration, and ambient temperature, NATOPS
operating tables and charts provide horsepower,
fuel flow, true and indicated airspeed, range and
loiter times, and segment range (the distance the
aircraft will travel on 5000 pounds ot fuel). These
operating tables and charts vary depending on
which configuration is designated. To account for
variations in aircraft performance for different
external arrangements, five levels or ranges of drag
counts have been designated for the P-3C: Configu-
rations A, B, C, D, and E (see Table 2). The
NATOPS Flight Manual performance graphs and
tables are based upon the average value of the
applicable configuration. For example, the count
range for Configuration C is 261 to 480, and the
average value is 370. In the past, when less

emphasis was placed upon fuel conservation, use of

graphs or charts corresponding to any value of drag
count within the range designated in Table 2 was
acceptable for most flight plans. Now, however,
the need for fuel conservation or extending maxi-
mum range frequently makes this planning practice
undesirable. In a case where a drag count falls near
either end of the drag configuration range, perfor-
mance projections and fuel requirements should be
determined by interpolation.

For example, let us assume that a P-3C is to be
dispatched with the following external equipment
and stores: the ALQ-78 Electronic Support Meas-
ures pod, the AXR-13 Low Light Level TV pod,

. BR M}‘ GBUNT .
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and eight mining pylons. Table 1 shows that the
total drag count for the equipment is 295, which
falls within Configuration C but is 75 counts less
than the average value. If the range and fuel flow
projections are based upon the Configuration C
average value rather than the actual drag count,
these projections will be about 2 percent too
conservative. Opera}ien based on these conserva-
tive projections thus increases the fuel burned by
the aircraft’s having to “tanker” extra fuel.

Continuing our example, if the P-3C’s gross weight
falls within the range of 117,500 to 122,500
pounds and is flown at 26,000 feet, we will find
the segment range to be greater than that listed
in the NATOPS maximum range operating tables
for Configuration C (349 nautical miles), but less
than that listed for Configuration B (367 nautical
miles). The segment range is interpolated as
follows:

(R,-R ) X (D.-D,)
R+ B C C B
¢ (Dc'DACT)

where

I

Segment range, Configuration B

il

Segment range, Configuration C

:UT:J l__?:* ::::U

Il

Average drag count, Configuration B

~
9
I

Average drag count, Configuration C

{

D, r Actual drag count

Substituting the actual figures gives:

(367 - 349) X (370 - 295) _

349 + (370 - 155)
18X 75 B
349 + 515 349 + 6.3 =

355.3 nautical miles.

Loiter time segments, fuel flow, horsepower, etc.,
can be interpolated to improve the accuracy of
performance projections.



Our example P-3C’s maximum specific range
(nautical miles per pound of fuel) is 10 percent less
than that of a P-3C without external stores, and
the minimum loiter fuel flow is 9 percent greater.
However, these differences can be considerably
less, as little as 3 or 4 percent, during non-optimum
(low altitude) operations. In the example, we have
not considered the effect that the weight of these
stores has on range and loiter.

A large quantity of fuel can also be conserved (or
range increased) by the aircraft not carrying
various external stores. The data in Table 3 are
based on computations that consider the effects of
both drag and weight on an aircraft flying the
following typical flight profile: aircraft warmup,
takeoff, and acceleration to climb speed consumes
600 pounds of fuel; cruises out at 21,000 feet;
loiters four hours on station at 5000 feet; returns
at 28,000 feet; arrives over base with 6000-pound
fuel reserve. These values are relative to a clean
P-3C (no external stores) on a typical ASW mission
with 62,560 pounds of JP-5 fuel.

SURFACE CLEANLINESS Skin surface roughness
and air leakage can add drag that reduces aircraft

AERODYNAMIC SMOOTHNESS CRITICAL
LESS CRITICAL

Figure 1. Critical Drag Areas

operating efficiency. Inspection should detect
abnormalities such as exterior dirt, chipped paint,
dents, loose fasteners, poorly fitted doors, and
improperly rigged surfaces — especially wing flaps.
Table 4 lists the effects of various external irregu-
larities on maximum radius and fuel. All aircraft
are particularly sensitive to roughness or leakage in
leading edge areas (Figure 1).

FUEL SAVED . RADIUS INCREASE

~ ITEM REMOVED (LB/MISSION) (NM/MISSION)
DRAG: EIGHT F"YLONS (160 {mAG QGUNTS) L 3200 110
LOW LIGHT LEVEL TV POD AND 1500 50
PY L.Oh.l (75 DRAG COUNTS) T
WEIGHT:  FOUR MK 46 TORPEDOES INSTEAD 1400 120
| - OF EIGHT (2400 POUNDS LESS) .
6000 POUNDS RESERVE FUEL 1200 100

. -INSTEAD -GF._a.'{Jt}ﬂ _Po_um;as -

. NOTE: P 3(.? wWITH CQNFIG UF?A TION A, ?39 ?Eﬂ POUNES TA KEIJFF GHGSS WEIGHT INCLUDING 62,560 POUNDS JP-5
. FUEL, AIRCRAFT WARMUP, TAKEOFF, AND ACCELERATION TO CLIMB SPEED CONSUMES 600 POUNDS OF

. FUEL;CRUISES OUT AT 21,000 FEET,; LOITERS FOUR HOURS ON STATION AT 5,000 FEET; RETURNS AT
. 28 ﬂﬂﬂ FEET, AHH:‘ VES QVEF? BASE WITH ﬁ’ MFGUNDS CJF EESERVE FUEL.

Table 3. Effects of Drag and Weighr Reduction
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Air Leakage Air leakage typically occurs perpen-
dicular to the surface causing an interruption of
external airflow parallel to airplane surfaces as
shown in Figure 2. Leakage is not confined to
pressurized areas: the external airflow can develop
pressure differentials between openings in different
locations and cause separated flow. The drag effect
of missing or damaged door seals 1s given In

Table 4.

Surface Condition Small dust particles (up to
0.0010-inch diameter) distributed uniformly on
the surface will not measurably affect aircraft
performance. However, a layer of 0.0012-inch
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particles requires an increase of 1.6 percent In
power and fuel flow to maintain “normal™ aircraft
serformance. For a maximum range mission, this
could cause an increased consumption of 1000
pounds of fuel or a loss of 30 nautical miles
operating radius.

According to air pollution experts, typical Cali-
fornia smog contains particles from 0.0008 to
0.0012 inch that adhere to aircraft. Since ASW
aircraft are frequently washed to prevent corro-
sion, dust deposits may not be a problem. How-
ever, if the aircraft has not been washed recently, 1t
may have accumulated enough dust to significantly
reduce performance. A good rule of thumb — if the
windshield is dirty enough to warrant clecaning, all
external surfaces should be cleaned.

The foregoing describes only “clean’ conditions.
At some of the more primitive bases where mud 1s
prevalent and maintenance is limited, severe sur-
face deterioration can create drag that will cause as
much as a 25-percent increase in fuel flow. Severe
surface deterioration includes poorly applied or
badly eroded paint and wet or oily surtaces that
collect 0.0080-inch particles. This size particle 15
the most common ingredient of coarse “Arizona
dust.” a dust standard recognized worldwide that
contains particles from almost zero to 0.0200-inch
diameter.

[t is possible to determine whether the aircraft has
excessive drag by making an in-flight comparison
of actual torquemeter shaft horsepower with the
shaft horsepower specified by the NATOPS Fhight
Manual for the existing configuration. If the power
required exceeds that specified by the NATOPS
Flicht Manual after accounting for the drag of
external stores, there is excessive drag and a careful
inspection of the aircraft’s surfaces should be
performed. However, if the power is consistent
with NATOPS performance specifications but the

fuel flow is excessive, the deviation should be

recorded in the engine log and an evaluation of
engine performance considered.

LOADING For maximum economy, the airplane
should be operated as light as possible with only
those load items required for the mission or safety.
In general, fuel flow is proportional to power
required, and power required is proportional to the



airplane gross weight for maximum range or
minimum fuel flow loiter conditions. Examples of
various load items and their effect on fuel saving
and operating radius are given in Table 3. A
1000-pound increase in zero fuel weight with a
1000-pound reduction of fuel will decrease
operating radius 50 nautical miles. A 1000-pound
addition to zero fuel and takeoff weight with no
change in fuel will decrease operating radius 20
nautical miles. Zero fuel weight is discussed In
detail in the Fueling section.

FUELING

Allowable Fuel The more fuel on board the airplane,
the more miles it is possible to travel. One
thousand pounds additional fuel increases the
operating radius of a typical ASW mission (defined

T abk* 4 Dmg E ffe'.: t {’Jf Ali'{’.r'ﬂff Cfean!meas

previously) by about 33 nautical miles. However,
takeoff weight limitations may not allow the
airplane to be taxied to the pump with the
direction, “Fill ’er up.” Each mission dictates its
own gross takeoff weight. This weight is further
dependent on structurally permissible weight
(including zero fuel weight). available field length,
atmospheric conditions, and wind. Recommended
maximum gross takeoff weight 1s 135,000 pounds.
Overload takeoffs up to the maximum structural
takeoft weight limit of 139,760 pounds may be
authorized only when operational necessity dic-
tates and due consideration is given to weather,
taxiway, runway, and aircraft conditions.

If a full load of 62,560 pounds of JP-5 fuel is put
aboard a P-3C Update I airplane with four MK 46
torpedos and 84 sonobuoys, the total weight of the
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airplane is 138,884 pounds, thus exceeding the
recommended maximum of 135,000 pounds by
3884 pounds. If the maximum gross takeoft limit
is to be observed, the fuel load must be reduced by
3884 pounds or mission stores of an equal weight
must be removed. Otherwise, the possibility of an
overload takeoff must be investigated. During
overload operation, the maximum structural take-
off weight limit of 139,760 pounds must be
observed.

Type of Fuel The standard fuels for the P-3 airplane
are JP-4 and JP-5, with nominal densities of 6.5
and 6.8 pounds per U.S. gallon respectively at
15°C. However, production specifications for these
fuels permit a density range of plus or minus 0.2
pound per gallon, and the fuel density can increase
by as much as 0.32 pound per gallon at -40°C.

JP-5 has a heat content approximately 1 percent
less than JP-4, pound for pound. Thus, tor a given
weight of fuel, the aircraft range would be approxi-
mately 1 percent less when using JP-5 than when
using JP-4. However, since JP-5 weighs approxi-
mately 4.5 percent more than JP-4 for an equal
volume, the net change in range when using JP-5
will be an increase of approximately 3.5 percent
for equal volumes of fuel. Therefore, a full load of
JP-5 fuel would supply additional pounds for
extended range provided the aircraft loading is not
exceeded. 1f the fuel load is limited to 59,800
pounds or less by other considerations, JP-4 is the
preferred fuel for maximum range.

10

Reserve Fuel Reserve fuel is the extra fuel carried
that exceeds the amount calculated to conduct the
mission, return home, and fly to an alternate
airfield. This fuel reserve i1s allowed tor such
contingencies as an inaccurate fuel quantity indi-
cating system, unanticipated wind conditions,
assignment of a less favorable flight plan by traftfic
control, etc. Variations in engine performance that
differ from performance data in the NATOPS
Flight Manual should be included in mission fuel
estimates, not reserve estimates.

Reserve fuel i1s like any other load i1tem — it
requires additional fuel for transport. For example,
if the fuel reserve for a basic mission is reduced
from 8000 pounds to 6000 as given in the
NATOPS Flight Manual, either 1200 pounds of
fuel can be saved or the mission radius increased by
100 nautical miles. Before dispatching an aircraft
with a 6000-pound fuel reserve, check the fuel
quantity with a dipstick and record the measure-
ments in the fuel log.

[f the minimum contingency reserve is to be used
in flight planning, there must be confidence in the
accuracy of the fuel quantity indicating system.
The maintenance and calibration of the indicating
system is of primary importance in planning safe
and efficient missions. A major investigation was
conducted into the fuel quantity indicating system,
and the results were published in the Orion Service
Digest, May 1972 issue. This issue detailed the
requirements for calibrating and maintaining the
system for maximum accuracy. Subsequently,
these procedures were incorporated into the P-3
Maintenance Instruction Manual, NAVAIR
01-75PAA-2-4. These calibration procedures
should be followed religiously.

The amount of reserve fuel carried on the airplane
has often been based on the flight crew’s estimate
of overall fuel requirements. As such, many mis-
sions have been flown carrying too much reserve or
“on top’” fuel. Besides causing extra fuel consump-
tion, carrying excessive fuel may cause the airplane
to be overweight upon its return to the field.
Overweight landings unduly stress the main landing
gear fulcrums, wheels, tires, wing spars, and wing
attachment points, shortening service life accord-
ingly. Further, effects of overweight landings can
be magnified considerably if adverse landing condi-
tions are encountered.



Zero Fuel Weight One of the important factors in
aircraft loading is zero fuel weight. By definition,
zero fuel weight is the gross weight of the airplane,
less the weight of usable fuel. This is a basic weight
around which the load carrying capability of the
airplane is designed. For the P-3C airplane, the
basic zero fuel weight should not exceed 77,200
pounds. This weight is made up of basic aircraft
structure (airplane empty weight), crew, unusable
fuel, oil, survival equipment, and internal stores.
These are the weights which the wing structure
must support during tlight, resulting iIn maximum
allowable wing bending. Weights such as fuel and
stores on the wing relieve wing bending and permit
the gross weight to be increased without unduly
affecting the structural capabilities of the airplane.

As noted, the P-3C’s basic allowable zero fuel
weight 1s 77,200 pounds. However, there is a
circumstance under which this allowable weight
may be increased. The weight of any item installed
on the wing will balance an equivalent amount of
airload as far as the wing’s structural load distribu-
tion is concerned. Therefore, it an ESM pod (177
pounds), an LLLTV pod (259 pounds), and eight
pyvlons (126 pounds each) which weigh a total of
1444 pounds are installed on the wing, the
allowable zero fuel weight can be increased by
1444 pounds to a new value of 78,644 pounds.
Any additional item installed on these pylons
would further increase the allowable zero fuel
weight. However, as the allowable zero tuel weight
increases, the point is reached where the maximum
oross weight exceeds the maximum takeoft weight
when a full load of fuel is added. At this point the
decision must be made — which is more important,
fuel or mission stores. It is imperative that the zero
fuel weight be known and controlled.

A factor which can adversely affect zero fuel
weight is the fuel carried in the number 5 tank
located in the center section and fuselage. If for
any reason this fuel cannot be transferred, it
becomes unusable fuel and becomes part of the
airplane zero fuel weight. For example, an airplane
has an acceptable zero fuel weight of 77,200
pounds due to the loading of crew, equipment and
stores. It then encounters a condition where the
fuel in fuel tank 5 cannot be transferred. This, in
effect, increases the airplane’s zero tuel weight to
as much as 95,200 pounds and requires operation
with load factor limitations.

To summarize, the zero fuel weight of the airplane
is the gross weight of the airplane less the usable
fuel. The maximum allowable zero fuel weight for
the P-3C airplane is 77,200 pounds plus the weight
of any wing stores. The zero tuel weight computa-
tions shown by the charts in the P-3C NATOPS
Flight Manual should always be followed so that
zero fuel weight is known and can be controlled.

The lower the zero fuel weight with a full load of
fuel, the lower the takeoff weight and hence, the
greater the range. Therefore, carrying the minimum
zero fuel weight required to accomplish the mis-
sion with the maximum allowable fuel load will
result in increased range.

FLIGHT PLANNING Efficient flight planning is vital
to fuel conservation and for realizing the maximum
range from the fuel load. Using the assigned
mission as the basis for the flight plan, several
other factors must be weighed. These include
atmospheric conditions, tactical and air traftic
control situations, and the safety of crew and
airplane. Several alternative routes and cruise pro-
files should be considered, particularly when form-
ing a flight plan that requires minimum fuel or
provides maximum range or time on station.
Routes that take advantage of optimum wind
conditions frequently are not great circle routes.

Due to the many variables that must be considered,
flight planning is a time-consuming task. This
leaves the flight plan susceptible to human error
and outdated information. A much more accurate
and rapid approach to flight planning can be
obtained by using the Lockheed Jetplan®©. This
system uses an IBM 360-44 computer to select the

1
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Table 5. Jetplan
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most economical route and flight procedures based
on latest available weather data for a specified
mission. Jetplan will determine the minimum fuel
to accomplish a required mission for a given
loading with specified reserves and alternates.
Typical output data from Jetplan are shown in

Table 5.

GROUND TESTS, STARTING, AND TAXIING Ground
power equipment usually costs less to operate and
burns less fuel than aircraft power units. Thus,
whenever practical, ground power equipment
should be used to start and ground-check aircraft
systems. Use of aircraft systems, including lighting,
should be kept to a minimum on the ground as
well as in flight. All system checks and preflight
planning should be completed and clearance
obtained before starting the aircraft engines. If
taxiing or ground-holding time is expected to be
extensive, use only two engines. Use low engine

speed to minimize fuel consumption: this also
reduces noise and the possibility of foreign object
damage due to excessive propwash. Expected fuel

flow during ground operation is given in the
NATOPS Flight Manual.

FLIGHT OPERATION

Several ftlight operating procedures can be
incorporated into the flight plan to enhance fuel
economy. If the Jetplan is used, most of these
fuel-saving procedures will be automatically pro-
grammed into the flight plan.

TAKEOFF AND CLIMB Fuel consumption for
takeoff, acceleration to best climb speed, and
climb is minimized by operating the engines at
maximum permissible power. Unfortunately, oper-
ating at maximum power significantly reduces
engine life. The slight improvement of range (10

13



nautical miles of operational radius) is hardly
worth the expense. Consequently, it is recom-
mended that military power (1049°C TIT) be used
for climb onl/y when it is essential to mission
performance and safety, and normal power
(1010°C TIT) be used for climb during all other
operations.

TRANSIT Airplane operating procedures employed
during the cruise segments of the flight play a most
significant role in fuel conservation and range
extension. The following operating recommenda-
tions will help you obtain the maximum range.
Some of these recommendations may have to be
tempered by safety, tactical, atmospheric, and air
traffic control considerations. See Table 6 for
quantitative data on fuel savings or radius improve-
ment for a typical maximum radius ASW mission
under standard atmosphere and zero wind
conditions.

b ALT!TUDE (FEET)
UUTBﬂUND

FLIGHT OPERATION

- FOUR ENGINES OPERATINGAT 2,000

CONSTANT POWER SETTINGS
AND ALTITUDE

FOUR ENGIMESDPEHATWGAT' L el

OPTIMUM POWER SETTINGS AND
CONSTANT ALTITUDE"

. OPTIMUM NUMBER OF ENGINES 2000

OPERATING AT OPTIMUM |
POWER SETTINGS AND comsmm .

ALTITUDE* | | |
FOUR ENGINES OPERATINGAT 18000
CONSTANT POWER SETTINGS i P
AND ALTITUDE

FOUR ENGINES OPERATING AT _ 18,000
OPTIMUM POWER SETTINGS AND | _
CONSTANT ALTITUDE®

fﬁBDUNﬂ (LB/MISSION)

Fly at the cruise ceiling (925°C TIT, or
1010°C TIT if essential for the mission) as
shown in Table 7.

[f cruise ceiling cannot be attained, fly a
step cruise profile as near cruise ceiling as
possible. It is suggested that a climb be
made to a new cruise ceiling after each
5000-pound fuel burn, except when the
last burn will be less than 5000 pounds.
Climbs should be at normal power (1010°C
TIT).

Fly at or slightly less (not slower than 10
KIAS) than the speeds given in the
NATOPS Flight Manual for maximum
range operating tables that correspond to
the configuration, gross weight, and alti-
tude. Maximum range data provided in
NATOPS are approximately 99 percent of
the maximum specific range, providing a

RADIUS INLCRH

FUEL SAVED .
(NM/MISSION)

TEMPERATURE) CRUISE CEILING

FOUR ENGINES OPERATING AT 18,000 TO
925°C TIT (TURBINE INLET 24,000
TEMPERATURE) CRUISE CEILING |

FOUR ENGINES OPERATING AT 23,500 TO
1010°C TIT (TURBINE INLET 28,000

2,000 < £
2,000 600 20
- 2,000 7,700 260
129,000 17,400 580
129,000 19,800 660
129,000 TO 24,900 830
34,000
33,000 TO 27,000 300
34,000

NOTE: P-3CWITH CONFIGURATION B, ?39,7&'0 POUNDS TAKEOFF GROSS WEIGHT INCLUDING 62,560 POUNDS JP-5 FUEL,

. AIRCRAFT WARMUP, TAKEOFF, AND ACCELERATION TO CLIMB SPEED CONSUMES 600 POUNDS OF FUEL

LOITERS FOUR HOURS ON STATION AT 5,000 FEET; ARRIVES OVER BASE WITH 6,000 POUNDS OF RESERVE FUEL.

*POWER REDUCED FOR EACH 1,000 POUNDS OF FUEL CONSUMED,

Table 6. Flight Operation — Transit
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transit speed about 10 KIAS faster than
maximum nautical miles per pound. Do not
exceed the NATOPS recommended speeds;
range decreases rapidly at higher speeds.

cator and examine the exterior of the
aircraft for unusual dirt, roughness, or
misalignment. If the fuel flow is 5 percent
more than that given in the manual when

operating at NATOPS power, speed, alti-
tude, and weight, corrective action should
be considered.

4. Set engine power to maintain the
appropriate speed and altitude listed in the
NATOPS Flight Manual. Do not set engine
power at the listed NATOPS power setting
and allow the speed to establish itself.
Adjust engine power frequently, at least
after every 1000 pounds of fuel consumed,
to maintain the speed specified, reducing
power as fuel i1s consumed when holding
altitude. Do not allow speed to exceed
NATOPS wvalues. The power settings in
NATOPS are provided as a cross-check on
airplane performance. If the power indi-
cated for the NATOPS speed does not
correspond to that given in the manual,
after the mission, check the airspeed indi-

N

[f tactics or traffic control prevent cruise
near the ceiling, reduce the number of
engines operating. This 1s a particularly
effective means of improving maximum
specific range when the aircraft is light-
weight and operating at low altitudes.
Under these conditions, four engines oper-
ating at considerably less than maximum
power use more fuel than three engines
operating at somewhat greater power.
Table 7 shows the initial cruise altitude for
maximum specific range as a function of
weight, configuration, and number of

AIRCRAFT ALTITUDE (FEET)

'E“F:E'Igé CONFIGURATION A CONFIGURATION B CONFIGURATION C CONFIGURATION D CONFIGURATION E
WEIGHT ENGINES OPERATING ENGINES OPERATING ENGINES OPERATING ENGINES OPERATING ENGINES OPERATING
(LB) 4 3 P 4 3 2 o 1 4 3 2 4 3 2
140,000 24,100 13400 - | (72400 12300 - | g0BO0 9900 - @ 23400 6000 @ - 20,600 - -

20,000 17,600 15,500 Lm0 15,000
130,000 26,400 16,200 1,300 24900 15100 - 23,000 12,900 - 26,000 8900 - 23,600
22,400 20200 18,100 | 21,300 18,500
120,000 28,700 19,000 4,600 27,400 17,900 2,500 25500 15900 — 28600 11,800 - 26,600
ad0 23000 20,800 24,400 22,000
110,000 30,900 21,800 7,900 29,900 20,700 6,000 28,000 18,900 4,200 31,200 14700 - 29,600
27,200 ' 25.700 23,600 27.500 25,500
100,000 33,100 24,600 11,200 32,400 23,500 9,500 30,500 21900 7,600 34,000 17,600 - 32,600
29 600 28,400 26 400 30,600 29 000
90,000 34,400 27,400 14,500 34,400 26,300 13,000 33,000 24,900 11,000 34,400 20,500 - 34,400
42,000 300 129,400 | 33,800 32,500
80,000 34,400 30,200 17,800 34,400 29,300 16,500 34,400 27,900 14,400 34,400 23500 - 34,400
34,400 . 32 200 34,400 34,400
70,000 34,400 33,000 21,100 34,400 32,600 20,000 34,400 30,900 19,000 34,400 26500 - 34,400
34,400 34 400 : 34 400 34 400 34,400

NOTES: 1. ALTITUDE IS IN FEET. .
2 STANDARD ATMOSPHERE: FOR NONSTANDARD ATMOSPHERE, USE NATOPS MAXIMUM RANGE FUEL CHARTS.
3. FOR T56.A-14 ENGINE, INITIAL POWER IS NORMAL RATED (1010°C Ti 7).

QINE TIT IS THE OPERATING LIMIT 10 MINIMIZE SULFIDATION.

Table 7. Initial Cruise Altitude for Maximum Specific Range
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engines operating. Assume, for example, it
is desirable to operate a P-3C at a maxi-
mum range flight profile. With 130,000
pounds initial cruise weight, Configura-
tion A, and engines operating at 1010°C
TIT, Table 7 shows that maximum range
can be attained with four-engine operation
beginning at 26,400 feet. This is the maxi-
mum altitude at which a P-3C can operate
with this weight without exceeding 1010°C
TIT. Within the altitude envelope of 1300
to 16,200 feet, three-engine operation pro-
vides maximum specific range. Below 1300
feet, two-engine operation provides maxi-
mum range. However, at least three engines
must be operated below 1000 feet to assure
safety of flight.

The effect of wind on specific range (in this case,
ground nautical miles per pound of fuel consumed)
is shown in Table 8. Specific range is significantly
improved when the airplane is flown slightly faster
in headwinds and slightly slower in tailwinds. Since

the NATOPS maximum range operating speeds are
based on 99 percent of the maximum miles per
pound, these figures remain valid for operations
against headwinds up to 100 knots.

LOITER Determination of fuel required for loiter
operations is considerably less complicated than
transit operations since optimum routing and wind
factors are not involved. The operating procedure
for minimum fuel consumption during loiter can
be ascertained by scanning the loiter operating
tables in the P-3C NATOPS Flight Manual and
sclecting the combination that gives the maximum
loiter time for the configuration, gross weight, and
temperature. The remaining engines should be set
at equal power.

[t will quickly be discovered from the NATOPS
Flight Manual or Table 9 that the loiter minimum
fuel flow always occurs with the minimum number
of engines operating, even when allowing for the
trim drag of operating two engines on one side
only. All P-3C NATOPS two-engine data allow for

CRUISE SPEED (KIAS) 195 205
CRUISE SPEED (KTAS) 261 2175
100-KNOT HEADWIND

SPECIFIC RANGE (NM 0.0434 0.0457

PER LB OF FUEL) -

CHANGE IN SPECIFIC RANGE  -12.5% -7.0%
ZERO WIND

SPECIFIC RANGE (NM 0.0704 10,0718

PER LB OF FUEL)

CHANGE IN SPECIFIC RANGE  -3.3%  -1.4%
100-KNOT TAILWIND |

SPECIFIC RANGE (NM 00974 0.0979

PER LB OF FUEL) _

CHANGE IN SPECIFIC RANGE  +1.6  +2.2%

215 225 235 245 255 265
289 303 J16 330 343 356
0.0475 0.0490 00498 (00499 0.0497 0.0494
-45% -1.4% 0.0% +0.3% 0.1% -0.7%
0.0727 0.0732 00728 (00716 0.0702 0.0687
-01% +06% 0.0% -1.6% -36% -55%
0.0979 0.0974 0.0958 0.0933 0.0907 0.0880
+22% +1.6% 0.0% -2.7% -54% -8.2%

NOTE: 1. CONFIGURATION C AIRCRAFT, ALTITUDE 20,000 FEET, WEIGHT 100,000 POUNDS.
IS SIMILAR FOR CONFIGURATIONS A AND B AND OTHER WEIGHTS AND

2. THE VARIATION IN SPECIFIC RANGE

ALTITUDES )45. WELL.

 NATOPS RECOMMENDED CRUISE SPEED.

Table 8. Effect of Cruise Speed and Wind on Specific Range
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the worst asymmetrical engine failure. This i1s a
turbine/propeller engine airplane characteristic that
is rarely found in jet or fan-engined aircraft. The
lower specific fuel consumption of the remaining
engines operating at higher power more than
compensates for the propulsion system drag with a
feathered propeller (and even the trim drag in case
of asymmetrical power). This is especially true for
low altitude operation. Just be sure to follow the
safety procedures in the NATOPS Flight Manual
when operating with one or more engines secured.

NATOPS loiter operating tables and Table 9 show
that fuel flow is only moderately affected by
altitude when the minimum number of engines are
operated to maintain altitude. If the mission plan
projects descent from high altitude cruise (maxi-
mum range) to loiter for a short period (less than
two hours), usually it 1s more economic to main-
tain altitude or make only a short descent if the
mission plan requires return to high altitude cruise
after loiter. Fuel savings should be realized in this
case, even if it is necessary to operate more engines

NUMBER
. OF
ENGINES
OPERATING LOITER ALTITUDE
FOUR SEA LEVEL
20,000 FEET™
THREE SEA LEVEL
16,000 TO 20,000 FEET"
TWO 1,000 FEET
6,000 TO 10,000 FEET"*
NOTE:

than would have been required for loiter at a lower
altitude. The overall fuel savings is gained by
eliminating the high fuel consumption required to
climb back from low altitude to the high transit
altitude (maximum range). Naturally the best
procedure depends on the loiter duration, tactical
situation, weather factors, etc. Use of manuever
flaps during loiter increases fuel flow.

The loiter airspeed given in the NATOPS Flight
Manual should not be exceeded; fuel flow increases
rapidly as speed increases. Remember, NATOPS
loiter power settings are provided to check airplane
and engine performance, not to establish aircraft
speed. The NATOPS loiter speeds were conserva-
tively selected to provide a large speed margin
above the “back side” of the speed/power curve
and a still larger margin above stall — in the case of
loiter speeds, the stall margin is 60 KIAS for 1-g
stalls. At the Navy’s request, Lockheed has devel-
oped maximum endurance operating data for the
P-3C Orion. It is estimated that these operating
techniques will produce a 2 to 4 percent reduction

FUELSAVED = BaADIUS INCREASE

3 o

(LB/HR)  UH (NM/HR)
880 28
535 wls
940
1090 3
1170

P-3C WITH CONFIGURATION B, 139,760 POUNDS TAKEOFF GROSS WEIGHT INCLUDING 62,560

POUNDS JP-5 FUEL. AIRCRAFT WARMUP, TAKEOFF, AND ACCELERATION TO CLIMB SPEED
CONSUMES 600 POUNDS OF FUEL, CRUISES QUT AT 21,000 FEET; RETURNS AT 28,000 FEET,
ARRIVES OVER BASE WITH 6,000 POUNDS OF RESERVE FUEL,

"OPTIMUM ALTITUDE FOR MINIMUM FUEL FLOW.

Table 9. Number of Engines Operated — Effect on Loiter
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in fuel flow compared to the NATOPS loiter data
for Configurations A through C. Considerably
more fuel reduction is projected for Configuration
D. The Navy is currently investigating the inclusion
of these data in the NATOPS Flight Manual.,

DESCENT AND LANDING The NATOPS Flight
Manual presents performance curves for (1) descent
at loiter speeds, (2) descent at placard limit
airspeeds at ““flight idle” power, (3) a recom-
mended operational descent at 275 KIAS, and
(4) descent with gear down at limit speed. Low
rate-of-descent letdowns at loiter airspeed are most
economical. These letdowns should be initiated
allowing about two and one-half nautical miles out
for each 1000 feet above the final altitude. If low
altitude operation with less than four engines 1s
planned (e.g., for loiter or search), additional fuel
will be conserved if engine shutdown is performed
prior to initiating the descent. Letdowns at high
rates of descent are intended primarily for emer-
sency or tactical use, such as cabin pressure failure.
To minimize loads on flaps, avoid use of flaps
during descent.

When flying a holding pattern prior to landing, the
aircraft commander should keep in mind the
recommendations given in this article’s section on
loiter. Final descent should be planned to minimize
flight at low altitude. Four engines should be used
in landing to provide maximum climb-out safety in
cvent of waveoff. If extensive taxiing is required
after clearing the runway, secure the outboard
engines and maintain low engine speed.

OPERATION UNDER ICING CONDITIONS Engine
anti-ice and wind de-ice systems operation con-
sumes fuel. Since ice is rarely encountered even
intermittently for more than two hours total
during a maximum mission, the normal tuel reserve
is considered adequate. Engine anti-ice system
operation consumes about 200 pounds of fuel per
hour, an increase of about 5 percent over the
aircraft’s normal fuel flow. When wing de-icing
operation is added, the total fuel flow increase
amounts to 500 pounds per hour. Wing de-icing
should be turned on when ice builds up and turned
oft after ice is removed.

CONCLUSION

[n the ASW community, the most efficient use of
an aircraft’s fuel load is translated into greater
operational radius or more time on station. This
efficiency can be achieved by careful mission and
flight planning, and by using the most economical
operational procedures during the mission. Addi-
tional fuel economy can be realized during main-
tenance and preflight activities by maximum use of
eround power sources. In this way, more base fuel
is available for in-flight training and mission
operations.
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