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SUMMAHY 

This report , resents performance chart s fo r gliders 
and twin- engine tow planes. Three set s of charts are 
p r esented showing the performance of g l iders having 
different degrees of aerodynamic and s tructural re fine 
ment . For any glider , the charts s h ow the gliding angl e , 
the useful . load , the stalling speeds , the power requir e d 
for level flight at va:-'ious speeds and the power required 
while climbing at various speeds,. 

The tow - plane charts show the performance which 
could be obtained from tow planes powe r ed by two 
2000- horsepower engines . The tow - , lane charts p r esent 
the stalling speeds , power required for level flight a t 
various speeds , and the power required while climbing a t 
various speeds . Charts also show the range for any 
combination of tow plane and gliders . 

INTRODUCTION 

This re 'port presents charts which may be used to 
estimate the oerformance , of any combination of glider 
and tow plane or the y may be used to investigate the 
desirability of com onents to give some desired 
pe r formance . The Derformance of a glider and tow -
plane unit depends , not on the maximum efficiency of 
the components , but on their efficiencies when operated 
at the s ame speed . This means that a good glider and a 
good tow plane do not n e cess a rily f orm a good unit . The 
two must be selected to operate effic i ently at the same 
speeds . In actual development it may not be practical 
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to produce the ideal glider or have availa·ble the 
appropriate tow pLane to tow th~ glider . Combat condi
tions and the expendibtlity of military gliders may make 
it imposs.ible to have on hal1d th"3 optimum glide rs fo r 
each ~i3sion . As the ~isslon of the glide r varies, it 
may be desi rable to place differen t e iupha sis on the 
struct'J.ral ::md aerodynamic efficiencies . 

Por this reason, t'1ree different sets of pe rformance 
charts are presented having gradually incre asing structural 
and ae r odynamic e.fficil~ncies and ty-pical load factor s, 
aspect ratios , and wing "thiclcne ss ratios . The fi~st set 
of charts i s based on structtral and ae rodynamic refine 
ment approximately equal to t hat of exi sting mili tar y 
gliders. Th e second set is similar to ne w experimental 
designs being made at the nresent time . The aerodynami c 
cleanness is asswQed to be ~etter &TId the wing thicknes s 
ratio i s increased in order to save structur~l weight by 
de cre as ing the <l.:-noun t of mate rial needed for bending 
s trength . For s '71all g l iders the r.linimum allov:able thickness 
of structural mate rial may make it impossible to increase 
the thicLnesR rat 5. o i n or der to save weight. Good 
finishe s may be nroflt2ble only on glide rs havi n g high 
wing loadings . Tl~ third class consis t s of gl iders having 
refinement a pproxiMately equal to t he hest obta ined in 
powe re d a irplanes. The structural efficiencies of the se 
gl i ders are h i gher t h an those in the first two parts . 
The y are well streamlined , have good fin ishes , and have 
retra~table landing gears . 

The set of tow - plane cha rts presents airp la1es 
c.esigna d spe cificall y for towing Glide~s . These tow 
nlane s ho.ve a ssumec structural and aerodynam.ic 
efficiencies similar to those of existIng cargo air
plane s. The tow planes preser.ted. are a3sumed to be 
d.esigned for max .irnum range . In actual practice it may 
be desirable to substit'.te othe r load s fo r part of the 
fuel allowed for on t h e long -range tow plane s. Al l the 
tow plane s have be e n assumed to be twin- engine tow 
planes nowere d by two 2000- horsenover e n g ines . The 
charts a re prepared. on coordinates of wing loading and 
power l oading which al l ows thei r use on eng i ne s o~ other 
si zes f o r comparing trends . 

For the sake of brevity, all the charts a re fo r 
s ea-level operation; however , t h e trends shown wil l be 
s imilar to those of altitude operation except that the 
speed s will be somewhat g r eate r at highe r altitudes . 
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PRESENTATION O~ CHARTS 

Charts are presented fo r three t :rpes of gliders 
and one type of tow plane . The gliders of type 1 
( figs. l(a) to 5(f)) have an aspect ~atio of e ar-d a 
12 - pe rcent v:ing thickness ratio at t he root chord . An 
aspect ratio of 9 and a 20- percent wing thickness ratio 
are us ed f0r t he second type (figs . 6 (a) to 10(f) \ 
The gliders cf type 3 ( figs . ll(a) to 14(f)) have an 
aspect ratio of 10 and 8. 20-percent wing thic}cne ss ratio . 
The "?erformence of tne three type s of gl iders is pre 
sented on coordinates of gross weight and wing loading . 
The ~se of the s ame coordinates for all types of charts 
facil ita tes their superposi t ion t o form a composite 
chart showing t~e in t errelationship of the useful loads 
and th e va~ious ty~es of performance. 

Tr.e tow planes are "9resented on charts having 
coordinate s of power loadi..ng and wing loading . All the 
tow planes conside re d in t his r eport have two 
2000- horse poVier engines mounted in wing nacelles . The 
powe r load:!..ng c oordinate is the cies i gn gro s s weight 
6.i vided by 4000 . The tow- plane chart s can be used va th 
t he gl i der char ts to de termine the pe r fo rmance of ~~y 
combina tion of tow plane and gl icier s . 

~he me t hod of ~~alysis is presented in the appendices . 
A lis t of figure s is g iven immediately preceding fig
ure 1 ( a ) . Example s of t he use of the charts are gi ven 
here . 

USE OF CHARTS 

§ele c tion of glide r s 

Problem : Select glide r A of t ype 1 to carry 6000 pOlmds 
and have a stalling speed of 40 mile s per hour wi th 
flaps. 

Prom f igure 3( a) re ad a wing loading of 8 .2 on the 
40 -mile ~ pe r-hour curve . 

From f i gure l(a) re ad a gross weight of' 14 ,75 0 pounds 
where W/S of 8 . 2 i n t ers3cts 6000 pounds useful load . 
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The perfor~ance of the glider may be de t e r mined b y 
the use of figures l(a) to 5 (f). 

stalling Stalling Powe r Powe r r e quired 
Maximum Speed at s1)eed speed required to cl imb 
glide L/D;11 ax w·· th without at 500 ft/min 
rat::to (mph) flFips fl'1.ps 120 :mph at 12 0 mph 

( npt..) (mph) level ( thp-) 
(thp) 

13 to 1 64 40 48 I 685 880 
I , 

Selection of tow plane s 

If the power required by the gliders coincides with 
one of the vallle s used in preparing the char t s, a tow p l ane 
may be selected for a certain range di r ectly from the 
charts presented. When the power required by the g l iders 
does not coincide with one of the values used in p r eparing 
the charts, the ao:propriate tow rlane may be selected 
after the towing speed and wing loading are determined . 
For that speed and ~ing loading, constant- range curves ma y 
be plotted on coordinates of power loading versus gl i de r 
power required . By cross - plotting, range and glider p ower 
required ma.y be used as coordinates to draw constant 
power - loading curves from which gross weights may be 
obtained. 

Selection of glider - tow plane combination 

The tow planes must have wing loadings not much 
hi ghe r than those of the gliders they tow if they are to 
operate efficiently at the best speed for the gliders . 

Problem : Select a tow plane capable of towing two gliders 
simi l ar to gl ider A f or 1000 miles at 120 mile s per 
hour , releasing the gliders, and returning . The 
stalling spe ed of the tow plane is to be 50 mile s 
per hour with flaps . 

From figure 15(a) the wing loading will be 12 . 8 . 
By plotting pO"/eI' loading versus glider power required 
for a wing loading of 12 . 8 , a speed of 120 miles per 
hour, and a range of 2000 miles , a power loading 
of 10 . 4 is determined . 
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The gross weight of tr.e tow plane will the n be 

IV = 10 . 4 x 4000 

= 41 , 600 pounds 

and the wing apea iR 

s = 
12.5 

= 3250 square feet 

5 

The wing area is very large for an airplane of th i s 
gross weight , being abou-: double the wing area of the B-29 . 

From fi gure 24(a) the fuel load in the fuselage is 
9800 POllilds or which 5000 pounds may be carried in the 
wing . 

Fi~lPe 22(d) shows cower 
. 1 .-.-" ~r i'-'; - , .. , : -' ~ 8 0 "-1"'" <..! t In _. 8 .~_ ~ __ .>::, _ L. .L.::s (. " . L ll c. 

thruet h0rrep)W~ r r8q~ired by 
glidc; rs is 

required by the tow plane 
l;o!.'s,:;-t:>ower. T!l.8 tcco.. l 
tLe tow plane and two 

680 + 2(685) = 2045 

For a propeller efficie~cy of 0 . 8 in level flight the 
bralm horsepower required is 

~Ol5 = 2555 brake horsepower 
0 .8 

Figure 23(d) shows power required by the tow plane 
climbing 500 fee t Dar minute is 13 00 t hrust horsepower . 
The ower r3r;,- ~i red fc-r each glider to cl:'r(c )00 f Se t 
per IT'lrn.':e a~ :).20 miles pe r h01.l.r was Dreviously found 
to be 380 th~ust horsepower . The total brake horsepowe r 
based on a propeller efficiency of 0 . 75 for climbing is 

1300 + 2( 880) = 4080 b r ake horsepower 
0 . 75 

This condition of flight is impossible since the maximum 
military rating of each engine is 2000 brake horsepower . 
This means that th~s combination of tow plane and gliders 
is not capable of climbing 500 feet per minute. 
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PERFORMANCE TRENDS 

Effect of wing loading 

Problem: Select two gliders of type 1 ~ ·figs . l(a) t o 5(t~) 
each of which is capable of carrying a 4600 - pound 
useful load . Glider B is to have a stalling speed 
of 30 miles per hour with flaps and glider C is to 
have a stalling spe e d of 40 miles per hour . The 
two gliders are compared in the following table : 

~niderl Gr~ss Wing loading Stalling speed Percent 
welght (lb/sq ft) with flaps useful load 

f-----.-~-j lb ) -p-, .. ~142. 6 B 113 , 700 
C 10 , 2 00 . 2 0 ).0 

'fhe _sxampla shows that the selection of , low stalling 
speeds decre a ses the percen t useful load riecessttating 
the design of h eavier g liders to car~y the s ame l oad . 
In t :'ni s exampl e t he s e l e ction of a scalling s paed of 
30 :nl J.e s pe r h our instead of 40 miles per ho u.r ha s 
incra a s ed the we i ght of t ... e glider by 3500 p ounds, 
largely becau. se of i n creased wing weight associated 
wi th a larger lNing . This resul t suggests that means 
must be taken to keep the wing weights lower particularl y 
on large gliders. This can be accomplished by increasing 
the thickness ratio and decreasing the aspect ratio . In 
small gliders it may not be possible to save weight by 
increasing the thickness ratio because of the minimum 
allovable thickness of some structural components . Eve n 
with reduced structural weights , large gliders must be 
designed wi th hi gber wing loadings than smalle.r gliders 
for th~ same percent useful load . 

If low win~ load ' ~gs are necessar~ it may be 
desirable to build two small gliders, each carrying 
half the lo&d, instead of one large glider . The total 
gross weight of the two gliders is nearly always less 
than that of one large glider but at high towing speeds 
the small gliders may require slightly more power. 

The maximum glide ratio for . glider C ureviously 
discussed is relatively low, 12 . 7 at 63 . 5 miles per 
hour. The fact t h at normal towing speeds are much 
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higher than the sneed for maximum LID indicates the 
operational LID of the glider will be much less 
than 12.7 . At speeds higher than that for max i mum L/D 
the ,~of ile drag i s more i mportant than induced drag . 
Cons equentl y , a large improvement in performance can be 
obtai n od by de signin g gliders with l e ss p rofile drag. 
This increased perfor :'nallce is seen in compar ing the 
gl iders of type 1 wi t il. th os e of eyre 2 and t:Tpe 3 
where the profile d r as wa s ~educed . 

Comparison of the three typeR of Gliders 

Problem ~ Sele ct gl ide rs to car r y 800 0 pounds and h ave 
a stalling speeo. of 50 .mile s pe r hour wi th fl aps . 
Glider D will be of type 1, glider E of ~ ype 2 , and 
glide r F of type 3. 

Figures 3 (a) and/or 8 (a ) saow that ea ch glider 
will have a wing loading of ~2 . 8 . 

Tho per .'['ormances of the three t ypes are shown in 
the following table s: 

_. 
: 

Istallingistalling 
Gros s Percent Wing speeds I s peed s Max i mum 

Glider weight useful loadil1g with without glide 
(lb ) load (l b/sq ft) flaps f laps ratio 

(mph) (mph ) 

D 18 , 500 43 12. 8 50 60 12 .3tol 
E 15 , 2 ()0 53 12 . 8 50 60 13 . 9 to 1 
F 2. 5 , 700 51 12 . 8 50 60 J.9 .2 to 1 

I .-

I 
Power I Power 

Speed 
requi r ed l required 

Ib mi l es Ib mile s 
Glide r at 

at c limbing 
hp - h r hp - hr 1)+0 mph 500 ft/IT' in 

L/Dma.x level at 140 mph at L/Dmax at 140 mph 

(thp) (thp ) 

D 78 99 0 1 270 1980 113 0 
E 

I ~~ . 5 710 9&0 211 0 

I 

1(80 
R 450 I 6 5 3 80 2480 "-

The powe r required i n level flight is very low for 
the type 3 gliders; therefore , t he additional p owe r 
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required f or climbing becomes a lar ger p r oportion of the 
total power required . The power required in level fligh t 
alone may not determine the practicability of towing the 
given g lider . 

For a more de tailed comparison of t.he three types 
of g l ider s it may prove he lpful to prepare charts such 
as figure 25 which shows the effect of wing loading on 
gliders with constant useful loads . Elght - thousand
pound useful loads were used in preparing this chart. 

Effect of glider pe rfo r mance on tow-plane nerformance 

Problem : Select tow planes fer gliders D, E , and F 
capab le of towing a ~lider for 1000 miles at 140 mi l e s 
per hour , releasing the g lider and returning . The 
stalling speeds of the tow planes are to be 50 mi les 
per hour with flaps. 

The wing loading will be 12 . 8 for each p l ane . By 
plotting power loadin~ versus glider power required for 
a wing loading of 12 . ~ , a speed of 140 miles per hour , 
and a range of 2000 mile s , p ower loadings can be deter
mined as explained in a previous example . 

The perfor mance of the tow plane s are shown in the 
following tables: 

Glide rs Tow planes 
, 

I Useful 
Stalling load Power Gross Wing Fuel 

Type of load ing we i ght loa d ing speed load 
gl i de r (lb/bhp) (1 b) (lb/sq ft) with flaps (lb ) 

(lb ) (mph) 

D 8000 10 . 4 41 , 600 12 . 8 50 11 , 600 
E .g 000 8 . 7 3-:" 600 12 . 8 50 8 , 000 ) , 

F 8000 7·95 31 , 8 00 12 . 8 50 6 , 200 
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,--------------------------------------------------------------

Type 

D 
E 
F 

Combinations of t ow planes and gl iders 

Fower r equ ired 
by tow plane 

in 
level fli ght 
at 140 mph 

( thp) 

920 
775 
710 

Power required 
by tow p l ane 

climbing 
500 ft/min 
at 140 mph 

( thp) 

'1570 
1300 
1200 

Power r equired I Power required
by combination by combination 

in climbing 
l evel flight 500 ft/min 
at 140 mph at 140 mph 

(bhp) (bhp) 

2390 
1860 
1450 

3790 
2990 
2510 

With type 3 gliders particularl y , the weight of the 
g l iders that can be towed may be much more than the 
weight of a short - range tow plane. This may make it 
impossible to use snatch take - offs in launching the 
gliders . It may be necessary to build heavier tow 
planes and let them carry part of the load. 

CONCLUDING REMARKS 

A study of the c hart s of the report brings out 
these conclusions: 

1. Gliders of type 1 , representing existing military 
gliders, ha ve h i gh st ructural weights . Because of h i gh 
wing weights , it is usual practice to des i gn heavy 
gliders for higher wing loadings than smal l glide rs in 
order to keep a high percentage of useful l oad . 

2 . The assumption of thicker wings for the gliders 
of type 2 decreased the structural '.veights,hence , giving 
better useful loads fo r large glide rs not having their 
structural weights determined by minimum allowable 
material thickness . 

3. The gliders of type 3, having high aerodynamic 
and structural efficiencies , require much less powe r for 
carrying a given load in level flight t han the gliders 
of types 1 and 2 . For these gliders the additional 
powe r required to climb is a much l arge r p roportion of 
the total powe r required than fo r merly. The total 
we i ght of the g li,ders that can be towed in steady flight 
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Is s·o h l gh that some other requirement such as take-off 
may determine the actual loads that can be carried. 

4. In some cases , particul arly with gliders ~aving 
low wing loadings or low towing speeds, it may be 
advantageous to use two small glide r s , each carrying 
half the load rather than one large glider . The total 
gross weiGht of the two gliders is nearly always less 
than that of the one large glider, but at high speeds 
the small glide rs may require slight l y ~ore power. 

5. Tow plane s need to have wing loadings not much 
higher than those of the glide rs i n or de r that they will 
not stall but will operate effiCiently whe n opera t ed at 
the best speed for the g).iders. 

6. Short-range tow planes are fairly light as 
c ompar ed to the weight of the gliders they are capable 
of towing. This condition may not be desi r ab le for 
fls n1:ttch take - offs . " It may be advantageous t o build 
larger, heavier tow planes and let them carry part of 
the cargo or to use some other method of launchi ng the 
gliders. 

Langley Memorial Aeronauti cal Laboratory 
National Advisor y Committee for Aeronau tics 

Langley Field, Va. 



MR No . L5E04 

APPENDIX A 

S'Y1vTBOLS 

The symbols used are defined as follows: 

Cl weight- distribution factor 

CDo profile - drag coefficient 

F projected f rontal area , sq ft 

f .ultimate load factor 

K structural efficiency factor 

LID lift to drag ratio 

R aspect ratio 

S wing area , sq ft 

t thickness to chord ratio 

thp thrust horsepower 

W gross weight , lb 

Wl wing weight, lb 

W2 distributed load, lb 

We weight of electrical system, lb 

Wf weight of fuel , lb 

Wfe weight of fixed equipment , lb 

Wh weight of hydraulic equipment, lb 

Wu useful load , lb 

11 
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METHOD OF ANALYSIS FOR GLIDERS OF TYPE 1 

The equatjons used for the gliders of type 1 are 
based on an analysis of about t en existing military 
glJders . The performances shown herein are obtainable 
from gliders designed and produced by present methods. 

DRAG 

The wing drag coefficient is taken as 0 . 018; the 
tail -drag coefficient based on wing area is taken 
as 0 . 005; the fuse~age -drag coefficient , based on the 
frontal area, is 0 . 25 . The complete profile - drag 
equation based on wing area is 

F 
CDo = 0 . 018 + 0 . 005 + 0 . 25 S 

The fuselage frontal area is assum8d to vary as the 
two-thirds power of the useful load 

These drag coefficients and frontal areas check 
values obtained from analysis of existing gliders . 

WI NG TRIG KNESS 

A 12- percent wing thickness ratio at the root chord 
was used for all gliders of type 1. 

ULTIMATE LOAD FAC'rOR 

An ultimate load factor of 4 . 5 was used for all 
gliders . 
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ASPECT RATIO AND SPAN EPFIC IENCY FACTOR 

An aspect ratio of 8 was used for all gliders of 
type 1 . The span efficiency factor was taken as 0 . 8 . 
The induced - drag coefficient is then 

CL
2 

0 . 8n8 

WEIGHTS 

13 

Based on Air Force gliders , the following ass~~p
tions were made : 

1 . Fuselage weight is 17 percent of glider gross 
weight . 

2 . Tail weight is 17 percent of the wing weight . 

3 . Weight of fixed equipment is 30 + 0 . 045 w. 

WING WEIGHT 

In keeping with the methods used in reference 1 the 
wing weight was calculated as 

W 

Kt + 1 

This equation assumes wing weight to be proportional to 
the structural weight required for strength in bending . 
K was determined to be 75 , 000 based on existing gliders . 

Combining all of these weight factors, the following 
equation for the empty weight of the glider was obtained. 

Wempty = 1 .17( \V 
Kt + ~r 0 . 17 W + 
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APPENDIX B 

METHOD OF ANALYSIS FOR GLIDERS OF 'rl'PE 2 

The equations used for the gliders of type 2 are 
based on an analysis of recent military designs and the 
performances s~own should be obtainable by present 
production methods . ' , 

DRAG 

The wing drag coefficient is taken as 0 . 015 ; the 
tail - drag coefficient based on wing area is taken 
as 0 . 004 ; the fuselage drag coef:'icient based on the 
frontal area is 0 . 20 . The complete profi l e - drag 
equation based on wing area is 

F 
CDo = 0 . 015 + 0 . 004 + 0 . 20 S 

The drag of the type 2 glider is estimated from the 
analysis of recent designs which represent an improvemen t 
over earlier designs . 

The fuselage frontal area is assumed to vary as the 
two - thirds power of the useful load . 

WING THICKNESS 

A 20- percent wing thiclmess ratio at the root chord 
was used for all gliders of type 2 . 

ULTIMATE LOAD FACTOR 

An ultimate load factor of 4 . 5 was used for all 
gliders . 
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ASPECT RATIO AND SPAN EFFICIENCY FACTOR 

An aspect ratio of 9 was used for all gliders of 
type ~ The span efficiency factor was taken as 0.8. 
The induced - drag coefficient is then 

cL
2 

O. Srr9 

WEIGHTS 

The following asslli~ptions were made base d on Air 
Force gliders: 

1. Fuselage weight is 17 percent of glider gross 
weight. 

2. Tail weight is 17 percent of the wing weight . 

3. Weight of fixed equipment is 30 + 0. 045 w. 

WI NG WEIGHT 

In keeping with he methods us ed in reference 1 the 
wing weight was calculated as 

w 
Kt + 1 

K was determined to be 75,000 based on existing gliders . 

The complete equation for the empty weight of the 
glider i s . 

= 1.17 
Kt 

( 

W 
-\ + 0 . 17 w + 

+/ 
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APPENDIX C 

METHOD OF ANALYSIS FOR GLIDERS OF TYPE 3 

The equations used for the gliders of type 3 give 
performances which could be obtained by gliders having 
the aerodynamic and structural refinement of the best 
existing powered airplanes. 

DRAG 

The wing drag coefficient is taken as 0.009; tail 
drag coefficient based on wing area is taken as 0.003; 
the fuselage drag coefficient based on the frontal area 
is 0.10. The complete profile-drag equation based on 
wing area is: 

F 
CDo = 0.009 + 0.003 + 0.10 S 

The drags of type 3 gliders are similar to those of 
approximately 25 all-metal airplanes which were investi
gated. 

The fuselage frontal area is assumed to vary as 
the two-thirds power of the useful load. 

WING THICKNESS 

A 20-percent wing thickness ratio at the root chord 
was used for all gliders of type 3. 

ULTIMATE LOAD FACTOR 

An ultimate load factor of 4.5 was used for gliders. 
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ASPECT RATIO ATD SPAN EFFICIENCY FACTOR 

An aspect ratio of 10 was llsed for all gliders of 
type 3. The span efficiency factor was taken as 0 . 8 . 
The induced - drag coefficient is then 

CL
2 

CD~ = 
.J.. 0 . 811'10 

WEIGHTS 

The following assumptions were made based on Air 
Force gl iders . 

1 . Fuselage weight is 14 percent of glider gross 
weigh t . 

2 . Tail weigh t is 15 percent of the wing weight. 

3. Weight of fixed equipment is 30 + 0 . 045 w. 
4. Landing - gear weight is 8 percent of gross weight. 

WING WEIGHT 

In keeping with the methods used in reference 1 the 
wing we ight was calculated as 

w 

K was assumed to be 100,000 . 

The c omplete equation for t he empty weight of t he 
glider is 

Wempty = 1.15. Kt + 0 . 08 W + 0.14 ¥if + Wfe 

G W ~ 
fR3/2s1/2 + 1 
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APPENDIX D 

METHOD OF ANALySIS FOR TOW PLANES 

The equations used for tow planes are based on an 
analysis of existing cargo planes. The predicted per
formances should be obtainable by present production 
methods. 

DRAG 

The wing drag coefficient is taken as 0 . 009 ; the 
tail drag coefficient based on wing area is taken 
as 0 . 002; the fuselage drag coefficient , based on the 
frontal area , is 0 . 10 . The complete profile - drag 
equation based on wing area is 

F 
CDo = 0 . 009 + 0.002 + 0 . 10 S 

The frontal area is 

where 30 is the frontal area of tbe nacelles and a 
minimum size fuselage. 

HING 'I'HICKNESS 

A 15 - percent wing thickness ratio at the root chor d 
was used for all tow planes . 

ULTHIATE LOAD FACTOR 

An ultimate load factor of 4 . 5 was used for all 
tow planes . 
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ASPECT RATIO AND SPAN :3;FFICIENCY FACTOR 

An aspect ratio of 8 was used throughout the calcu
lations. The span efficiency was taken as 0.9 . '1'he 
induced-drag coefficient is then 

CL
2 

0.9118 

PnOPELLER EFFICIENCY 

For level flight a propeller efficiency of 85 per
cent is assumed to be attained . To simplify the calcu
lations the cooling nower was assumed to be 5 percent 
of the brake horsepower . 'rhis gives an effective 
efficiency of 80 percent . In climb the effective 
efficiency is 75 percent . 

WE IGHTS 

Based on existing cargo plane s, the following 
assQ~ptions were made : 

1 . Fuselage weight is 9 percent of the gross 
weight . 

2. Tail wei gh t is 14 percent of the wing weight . 

3. Landing gear is 6~ percent of the gross weight . 

4. Weight of t he fixed equipment is 2~ percent of 
the g ross weigh t plus the weighv of the 
hydraulic and electrical systems. The weight 
of the electrical system is taken as 
90 + 0 . 009 W. The weight of the hydrauli c 
syste m is taken as 140 where W is less 
than 26,000 and 140 + 0.038 ( w - 26 , 000) 
where W is greater than 26 , 000 . 
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5. Since two 2000-horsepower engines are used in 
all tow planes, it is ass~@ed that the weight 
of the nacelle and power pl ant groups is 
SOOO pounds in every case. 

In keeping with the methods used in reference 1 
the wing weight was calculated as 

K was determined to be 100,000 based on existing car go 
planes . CI' the weight - distribution fa c tor , was taken 
as 0.S5. 

W2' the distribllted load in the wing, includes 
8000 pounds for the nacelle and power - plant groups and 
5000 p01mds of fuel or other load to be carried in the 
wing. 

The useful load to be carried in the fuselage is 
the gross weight minus the emp ty weight . Allowing 
400 pounds for a t wo-man crew, the weight of fuel which 
can be carried in the fuselage is assumed to be 
0 . S5(Wu - 400) where Wu is the use ful load in the 
fuselage. 

Combining a ll these weight factors we obta:in the 
following equat:i_on for the empty weight of the tow 
plane : 

W t = 1 .14 ( W - C
l

(W2) ~ + 0 .18 W + We + Yih + SOOO 
emp y Y.:t + -1 

fR3/2Sl/2 
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