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INTRODUCTION,

L 222 28 T3 % 2L 23]

This report contains a.complete study of the factors determining
the maximim. practical range of the Lockheed Electra Jodel }0B bimot-
ér...airplane, The problem is gone into in considerable length in
order that complete recommendations may be made as to optimum methods
of take-off, climb and level flight. Such factors as the effect of
altitude, wind, variation of propulsive efficiency at constant for-
ward speed, and variation of specific fuel consumption are all in-
cluded in the study. is a summary, curves are given showing the
recommended values of the above throughout a flight of the greatest
possible range.

The airplane under consideration is a ilodel 10E Electra equipped
with Pratt and Whitney S3H1l engines rated 600 BHP at 2300 rpm for
take-off and not more than 412 BHP at 2000 rpm for cruising, To en-
able close control to be maintained over the mixture strength, a
Cambridge gas analyzer is connected into the exhmust system, Hamil-
ton -Standard constant rpm, controllable pitch propellers are used.
Added to this equipment is a Sperry Gyro-hlot to lessen fatigue dur-
ing long flights.

The engine operating conditions have been given careful consid-—
eration in recommending a flight procedure, Combinations of rpm -and-
minifold pressure are chosen with regard to engine reliability and
smoothness as well as optimum propulsive efficiency,

SIMMARY AND RECOMMENDATIONS,
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‘The complete performance has been computed conservatively
based on actual flight test results on Model 10E*, Fuel consumption
data is based on results which have been obtained in flight with
careful mixture control, To get a range of 4500 miles it will be
necegsary to calibrate the Cambridge iAnalyszer so that the fusl con-
sumption curve shown on page /3 can be obtained,
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SUMMARY AND RECOMAENDATIONS,
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The important results from the report may be summarized as

follows:

(1).

(2],

—
[#))
=

(<],

183

(5],

(8].

(7).

Best take-off distance is obtained using a 30° wing flap
setting, The tail of the airplane should be lifted off
the ground 25 scon 25 posgible and held up through the
t3k2-077 run,

On a hard run-way, using 600 BHP per engine, the take-off
distance is 2100 feet at sea level,

fier tare-off with a gross weight of 16,5004 is 500
or minute with wing flaps at 30~ (using take-off power).

taining 2 safe altitude (50 to 100 feet), the flaps

r out g
should be retracted and the engine power reduced to 550 BHP
engine at 2200 rpm,

The climb should b2 continued at this power to an altitude of
20001,

At 200C*, the power should be reduced to 380 BHP/engine and
the fli. “t cointimued at the values of altitude, power, rpm and
speed shown o: the inclosed curve,

D\Z}.‘i.’a-}‘f the naxi-mm range f1 isht the fol lowin considers tions
= O = ’ g
ar )yl.‘," H

2, Variation of altitude from that specifisd by amounts
as much as 2000' (except in the heavy load condition)
aas viry little effect on the range,

Zezdwinds or tail winds up to 20 mph, the best
e ithin 5 mph of that shown on the flight

. wagn the wind increases with altitude, the load
condition, and power conditions should be carefully
cengidered when chooging an =2ltitude different than
thet shown ca ths Surves, iUc strict rules can be given
sorsring the optimum flight procedure with varying

wind graCients with altitude,
. 11313*:: the power outpuu when climbing from ome alt-
ituis S0 =znother, Climb =2t an indicated speed of 120

o .’7‘} nl'qyl

v L

FORM 100

Pag&___g_;__i
Model_10E




Analysis_Weight and Balence - #1055 Page 8§
Prepared by__Straud LOCKHEED AIRCRAFT CORP. s
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Lockheed Electra, Serial 1055, is a speciel ship with 1200
gaellons of fuel and 74 gallons of oil, For extre tenks and equip=
ment, see equipment 1list on page # ., The fuel and oil banks are
arranged as per the skesteh on the preceding page.

The ship was weighed at the Lockheed factary on July 18, 1936
before Depertment of Commerce inspeetor L, H, Steward, as follows:

Reeotion at hoist ,ceeccees 7525 Tere on tail ,,.,... 729

LGSS mt tail [ AN NN NENER NN -269 Gross tail eveeevccvse 4&

Ship as weighed ..ec.0c..00 7256 Net tail .ieveececese =269
20 X,

C. G, looated at 291s56 x 269 = 10,8 inches forward of spar.
7256 7817
129,63 = 10,80 = 118,83 inches from the nose reference point,

The ship was weighed less the power unit - 44 pounds, also
since the weighing it was decided to edd & 51 gallon tank in the
rear of the eabin, (See sketech).

Ship as weighed .....co000e0 7256 118,83 862,230
Power Wnit secececscecscacee 44 76,0 3,344
Gas tanK ...eece0c0vcccvccss 40 221,00 8,840
Ship empty, gear down .ecee. 7540 119,13 874,414

The present approved limits of center of gravity travel,
from Airoraft specification 590, are:

! Most Forward - 117,98 inches aft of reference line.

Most Rearward - 132,53 inches aft of reference line,
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Prepared by__Stroud : Model 10 E
Do 7220036 LOCKHEED AIRCRAFT CORP. RSB 400
EQUIPMENT LIST - #1055
Standard Equipment (from Aircraft Specifieation 590)
l. 2 engine ring cowls ......cceccvavecescssaccncscocane 93 lbs,
2, 2 exhaust 601l1ector rings ...cceceoceececcocscecsccsace 00
3. 2 0il rediators (U, Ay P, 6") 4eveeeccoeeanns cececses 38
4, 2 landing end 1 warning light ....cccccoccevanocanacs 25
5, position lights .....cecceevcevncovccccrccencecnnsn
6, flares (2 3-minute) and brackets ee.cc.c.veseccee.. 50
7o 2 flashlights and brackets ...ceceeeesscocosceccccoss
8, 2 starters (616CLriC) s.iciececccesvesccsscacescnneee 64
9, battery (Exide 6XT=13=12V) evevevceeciceccoscsvanaes 65
10, generator (50 &MPOr6) seeecescecssscassessaaccocees 36
11, pressure fire extinguisher ..........ccevs:000000.0 35
12, 35 x 15=-6 wheels (Goodyear 6 HBM) s.ceovecececcocsssse 68
13, 35 x 15=8 tires (Goodyear heavy.duby.6=ply) emd ..
Plai-n tubos G0 90000 0" 9 000 02DdOt B OSSR POsOORIOIOS 109
14, rotracting landing gear, electric worm drive,
12-1/2 : 1 gear and E, D, C, #45040 electrie motor
(100 amp, fuse required) R - £
15, shook struts (Aerol S P=400 E) ..vveeecccscscscacse 96
ls. wing split trailing edge flaps, electrically
operatéd, (30 empere fuse required) ..eceeccceesc.. 75
17, rudder trailing edge tab and spring type bungee ... 3
18, elevator balance weight8 ......co.coovevececcosavess 12
AUXiliery FleP v..eeevecoscocoocsoanasococcsssscace D
trimming tabs ....ceveececcioocecacrsascasscscncsos 2
21, cabin heaters ...ceeeesecccrscoscrssscessscsssensses 40
26, 16 x 7-3 tail wheel (Goodyear 3 TW) with
4.P1y tire @0 0000000000 0OOP OO 000G ORPOCRSPRRSESIORPOIELIIQROICES 12
27,  tail wheel strut (Aerol 300 ET) seeeceveccesioesess 17
28. instruments with panel ...ceoccccecocscocscosccsces 96
Items of Stendard Equipment Which Have Been Removed
190 radio 00 0000000800000 000 00000800006 060006009006s0e00ss00cs0 "75
20,  ventilating 8YStem secveeceecvescccassococnsassssase =20
'oo22, toilet equipment ... c.cevenicvccccccrsscrccescracss =18
23, container and one gallon WBLtEr ..eceeeeccecssesccces =12
240 cabin delux equiPMt 960 G 000G 000000000800 000000008 -19
25, 2 baggage straps (nose compartment) ceveeeceeescccesces = 4
. 29, Pan American emergency equipment and container ,... -40
44, (X)standard passenger seats removed ,...... cessssascse =200
cabin upholsStering seeceececcocsscesssscscscsccnsass =45
8 windows -eNd fremes .eceoccvevesoscccsccccsesstcoaces =25
2 28 gallon gas tanks (wing) ......................../(
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EQUIPMENT LIST - #1055
Continued

Special Equipment

31. 2 'hﬂel fenders G 9 00 06 0000000 PSP OPRAECCESEOEROCEOPCEOEOORPOCEIO 8 1bs.
33, control wheel 10CK .......ccveeveviveccconcoscnse 2
34, tail wheel 106K .evvescecrscacoscescesssasosossnncs O
37. de-icers (permenently attached) .......eeocceeess 50
Sperry pPilot ceevevicecctocecrecrercoccocasaranae 120

2 28 gallon oil tenks @000 csesecscocosgresnctcsccsnvece
2 100 gallon gas tanks (in Wing)ee.eeeseccecesssces 97
2 118 gallon gas tanks (forwerd fuselege) ¢........ 108
3 149 gallon gas tanks (rear fuselags) ....eec..... 205
1 70 gallon gas tenk (rear fuselage) eeceeeececsces 35
1 51 gallon gas tank (resr fuselage) eeeeececessc.s 30
Western Eleotriec radio ...eccevcecececscososacsss 128
Cambridge fuel analyzer .....c.ceceeseeecvesccees 12
INSTRUMENT LIST

No, Req'd
641975 Sperry horizom .........cccc000000c000000csasceso 1
640540 SPOrTY EZYrO cecceccsrscscssccsscsccssssascsossosse 1
864 Pioneer compas (Mark VIII) eceeecccccccccccccaass 1
176-01 Kollsmen sensitive altimeter ...ccceeceececencoes 1
743 B Pioneer altimeter ,...cececc-ccsevevercecsccccens 1
354 Pioneer air speed indicator ...cccceceseccecccsee 2
385B Piomer bankandt‘lmindicator 0000800000 OPRIOETPO OO 1
374 B Pioneer rate of olimb indicator ,...ccco0c0teceee 1
814 C Pioneer manifold pressure ZAUZO ceccccccccssccacs 2
35SAA7 General Electric tachometer indieator csececesccce 2
CM 4H2 General Eleotriec tachome ter generator ®se0sssssse 2
180 Kollsman fuel gauge ..e.seseeccsccscecscscenvosas 1
6802A~16 feston air temperature indiocator ,.eccccccceccece 1
B/M 7225 Cembridge aero mixture indicator .e.scesececesces 1
' Chrysler £88 GBUEO eecscscessssssccsccsossssasscsss 1
NG 5508 mtmterfuel BAULC soe0ccscs0ss0cs00v0cesvcancese 1
606A-46 Weston 0il temperature indicator ...eccevccesccce 2
763 Pioneer suction gauge scccceccececcosccnascsasase 1L
606 Weston ecerburetor air temperature indicator ..... 2

ity ]

b




8

Analysis Weight & Balence - #1056 - Page. ° §
S el 10E
e LOCKHEED AIRCRAFT CORP. M=o

T T e

The following table gives the items of useful load with their weight,
moment arms, and moments in sequence,

Item . Mom't, Arm Moment
3
2 pilots 340 85,0 28,900 3
Stendard wing gas (194 gal.) 1164 109,0 126,876
Forward fuselage gas (236 gal,) 1416 118,0 164,256
74 gal, oil (full) &¢ 555 600 134,4% 74,610 82 (4o
Wing tanks (baggage compartment)
(200 gal) 2 o 1300 /224 150,0 180,000 / g3,ca0
Rear fuselage gas (149 gal,) 894 144.0 128,736
Rear fuselage gas (149 gal,) 894 165,0 147,510
Rear fuselage gas (149 gal,) 894 185,0 166,284
Rear fuselage gas (121 gal,) 726 . 210,9%1 —153;078
7o £20 zc02.0 R add
* The C, G, of the o0il was found as follows:
56 gal, oil - (wing) 420 150,0 63,000
18 gal, oil - (nacelles) 135 86,0 11,610
Full oil ' 555 134,43 74,610

T The C. G, of the two gas tanks in rear of cebin was found as follows:

70 gal, gas 420 202,0 84,840 3
51 gal, gas 306— . 233,0--- ————885238—— E
Total 726 210,9 153,078

GROSS WEIGHT C.G.

Ship empty = gear down 7340 119,13 874,414
Moment = gear up - - 9,450
2 Pilots 340 85.0 28,900
Standard wing gas (194 gal,) 1184 109,0 126,876
Forward fuselage gas (236 gal,) . 1416 115.0 164,256
74 gal, 0il (full) 555 134,4 74,610
Widg gas tanks (200 gel,) 1200 150,0 180,000
Rear fuselage gas (149 gal,) ‘ 894 144,0 128,736
Rear fuselage gas (149 gal,) 894 155,0 147,510
Rear fuselage ges (149 gal,) 894 185,0 166,284
. Rear fuselage gas (121 gal,) 726 210,9 153,078
Miscellaneous 277 130,0 36,010
Gross weight - gear up 15,700 133,13 2,090,124
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It will now be necessery to formulate a procedure to be followed
in using fuel from the various tank combinations in order to keep the C.G.
within the epproved limits,

.
4
3
A
.
A

Step #1

Starting with the full gross condition end removing the gas from
the two rear most fuselage tanks (70 gel, and 51 gal,) which are inter-

connected: 3
Gross weight - gesr up 15,700 133,13 2,090,124 '
Less 121 gal, zas -726 210,9 -153,078
14,974 129,36 1,937,046 |
Step #2

Removing the fuel from the rear 149 gallon fuselaze tank:

From above 14,974 . 129,36 1,937,046
Less 149 gal, zas -894 186,0 -166,284
14,080 125,76 1,770,762 '
Step #3
Removing the fuel from the two forwerd fuselage tanks (118 gel.
each):
From above 14,080 125,76 1,770,762
Less 236 gal, fuel =1,416 116,0 . =164,256
12,664 126,86 1,806,506
Step #

Rémoving the fuel from the two baggage compartment wing tanks
(100 gal, each):

From ebove 12,664 126,86 1,606,506

Less 200 gal, gas -1,200 150,0 -180,000
11,464 124,43 1,426,506
. At this point approximately 30 gallons of 0il have been used:
From above 11,464 124.43 1,426,506
Less 30 gal, oil -225 134.4 -30,240 _
11,239 124,23 1,396,266 1
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Step #5

Removing the fuel from the four standard wing tanks (2 at 81 gal.,
2 at 16 gal,):

From above 11,239 124,23 1,396,254
Less 194 gal, gas -1,164 109,0 -126,876
10,075 125,00 1,269,378

Step #6

Removing the fuel from the front 149 gallon fuselage tank:

From above 10,075 125,00 1,269,378
Less 149 gal, gas =894 144,0 -128,736
9,181 124,24 1,140, 642

Step #7

Removing the fuel from the center 149 gallon fuselage tank:

From above 9,181 124,24 1,140,642
Less 149 gel, gas =894 - 165,0 =147,510
8,287 119,84 993,132
8,287 119,84 : 993,132
Moment - gear down - - -9,450
8,287 118,70 983, 682
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GENERAL SBRESS
ANALYSIS DATA
mpty weightoooavc-pccoonccoooooo-o-ocucc'o-.ccoocoo734o leO
PW Load".".'.'."..‘-.'..""l!.....'...’.-.“"8460 1bs’
W Gross‘v{eigm.'..'".".'.'......'.........."."'.158m lbs.
A Wing Area-......'.... ® 9080 @0 00 00 oo s Pecees e s 458.3 sqoi\bc
HP Totel horsepower at sea levelee..ve.cev ceceeoeeces 900
8 V{ing 1°adingol'¢.-¢¢¢¢-lccco-0.'6lo'l..o'o¢¢oouo¢'0034ts lbsv/sqoﬁ.
o Power 1oading (900 HP).e.veerovveeev-reeorocsonoeess17.6 1bs. /HP
VL Design Level Flight sDeedv'ooocuo.--.-01-00-011000'172 mph
252 fps
qL Iﬂlpact preswre at VLv'coo-c-gtou010001'1001000000007595 1bs-/sq.ft.

MAC

sl e oA

Totel parasite drag coefficient (Pg. 1, Rep.410)..0.0258
Total &ag uea (Iozse x 458.3)'."...'. '..‘..'."‘.11.82 Bq.ft'
Drag Loaingcoocc-coooooooooo-vvocoovoo-oocooocu00101538 leo/sq'fto
Max. vertical velooity with zero thrust 29/d .....1060 fps

723 mph
Gliding Speed factor = .08 +( 1850 cecosens 0,179

15800 + 3000,

DSSign Gliding Speed = VL + Kg(vm - L)oo s000co00e 397 fps

but n»eed not exoeed 105 vT Seec000000000000000000000 378 pr

258 mph
Impact pressurs at design gliding speedeccecocssces. 170 lbs./%q.ft.

.ABPBO'!: ratio of Wing (Pgo 0, Rep- 400"1)00«1..000.0. 606
Airfoil section - Clark Y Modified Taper 18% to 9% thickness
Slope of Lift Curve at aspect ratio 6.6 (Pg. 22,’ 3.918
Rep. 406)
Mean Aerodynamic Chord (Pg. 2, Rep. 400=l)...caceese».105.39 inches

Reference 1ine to L.B. of HAC v..cccvcovocervevrsvseesl00.25 inches

Quarter chord point of wing to 20% point of tail 278.0 1inches
(Pg. S=7, Rep. 400=1)
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Prepared by__Carter Model 10-E
PTATE—  LOCKHEED ARCRAFT CORP.  Jee

Cond iZion I

Condition I
Condition II

An. = .036'x 252°x 3.918” = 1.03”

Ta 3Z.5° B
An = [o??"-h.' 32000 ° ] X «94 =1.93" not used. See page /.

e T5800_+ 9200 !
n = 2,03~ !
Cy = n8/q = 2,03 x 34.5/75.5 = .927 "

= - o2 = = v
c, C = =185
CePe = max.fwde position = 32.5%"° (See page S=17, R.400-1)

Corresponding C_ = +927(.250 - .325) = =.0695"

Reference line to C.P. of wing = 10025 + (»325 x 105.3§)= 134.5""
Reference line to CeGe. = 133.,1™* 937 i
Reference line to C.Ps of horizontal tail = 100,25 + (25 x 105.39)+ 278 = 404.6"
(8ee page S=7, Re400-1)

104‘" v

CeGe to CeP. of 'Wing = 134,5 = 133.1

CoeGe to CePe of tail = 404.6 - 133.1 = 271.5"~
Applied wing load = 34.5x 2.03 x 458.3 = 32,1004 -

Applied tail load = 32,100 x 1.4/271.5 = - 165%"

(Small stalling moment due to C_ is conservatively ignored) v

Condition II

An=-1.03

]

n =« .03
CN = Cc = 0O nearly
y C, = =-080 (Page S=17, R.400-1)

Ving moment = G A q C = =.080 x 458.3 x 75.5 x 105,39 = .292,000 in.lbs.

Tail load = =292,000/271.5 = - 1,075 1bs.
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Condition III

&
Condition III Condition IV
Ar = ,018 x 378 x 3.918"~ = .78 .
I1Ig Zheb v 772
AnHIb = 46 x 1.95 = 1.16 ~ not used. See page /,

Applied load factor = 1.78 ~

C. = ns/q = 1.78 x 34.5/170 = .362 -

N
CO = O ~

C = 24083 = .0l = =,093 "
m

CoPe = 425 + (.093/.362) = 425 + .257 = 4507

Reference line to C.P. of Wing = 100425 +(.507 x 105.39) = 163.70"
CoGe to CuP. of wing = 153.7 = 133.1 = 20.6" -

Applied wing load = 1.78 x 34.5 x 458.3 = 28,1504~

Applied tail load = 28,150 x 20.6/271.5 = = 2,1354 %

See next page for caloulations with most forward C.Ge. position. Tail’ load=-3,260H

Condition IV

An = =o78 -
Applied load factor = + .22 ~

Cy = ns/q = 22 x 34,5 /170 = + .045*

C =0-
cl

¢, = =+080 - .01 = -.09
Reference line to quarter-chord of wing = 100.25 +(105.39/4)= 126.6™ ~
Quarter-chord to C.Ge = 133.1 = 12646 = 6.5"

Wing load = .22 x 34.5 x 458.3 = 3,480# ~

Wing moment =(3,480 X 6.5) - (0% X 458.3 x 170 x 105.39) = 22,600 = 740,000

-

= «717,400 in.lbs.

Tail load = -717,400/271.5 = - 2,640 lbs.

s




