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AIRCRAFT RE 5EARCH AND DEVELOPMENT UN IT 

• ~~~~~~~~~~~~~

TECHNICAL INVESTIGATION NO 554

C T 4 A  AIRIRA INER — E V A L U A T I O N  OF H A N D L I N G
f CHARACTERISTICS WITH CANOPY REM OVED

SUMMARY

The flight chax\acteristics of CT4A Airtrair .e: aircraft with the canopy
removed were unknown . ‘~Fli ght trials were conducted to investigate and
evaluat e the aircraft handling with the canopy removed. Particular emp’asis
was plac ed on glide performance and the eng ine out landing situation .

• ~
. General handling characteristics with the canopy removed were very ~

~imilar~ t~ those with the canopy f±t t There was very little effect on
aircraft ?~C 1 the stalling speed ar acteristics were v ery similar and
the aircraf~t was reluctant to spin craft C

0 
was maikedly increased witi

the canopy removed . This was manifesL as a noticeable lac k of full power
climb performance and a significant reduction in glide performance. Aircraft
approach and flare speeds with power were jncr’arged A ground glide ratio
greater than 95% of the optimum could be achieved ~~n the clean configuration
at 80 KIAS in ze:ro to 20 knot headwinds, a’. AL J t s f rom l900lb to 2400 lb wit h
the engine windniilling and stopped. Glide parf orma~ce was si~ nifirantly
better with the propeller stopped. t

~Best endurarce glide with an adequat e marg in abo~ie the stall was
obtained at 60 to 65 KIAS for the same AUW s with tak e— o f f  flap extended . /

The tests showed that eng ine out apptoac h and lanci i g should be at
80 KIAS using take—off flap. ~~ —
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_REPORT NO TI 5 t L ~

CT4A AIRT RA INER •- EVALUAT I ON OF HANDLING
CHARACTERISTICS WITH CANOPY REMOVED

References~ A , Technical Investi gation 554 , 2 A pril 1976

B, ARDU R eport No TI 549, CT4A Airtrainer — Pressure Error
Corrections , 30 Septem ber 1976

I N T R O D U C T I O N

1 . Airt iainer aircraft  could only be abandoned in fli ght by open in g or
jettisoning the canopy . Since the canopy was hinged 9t the rear the
likelihood was that opening the canopy in flight would result in it being
torn from the aircraft . In either case , there was a requirement to establish

• the h andling characteristics and the safe airspeed margin necessary to recover
or ditch the aircraft after the canopy was lost or jettisoned.

2. Aircra4’t Research a~ d Development Unit (ARDU ) was tasked by Reference A
to ir~ estigat e and evaluate the handling characteristics of CT4A Aixtrainer
aircraft with th e canopy removed , Speci ic areas to be investigated were:

a. approach a~ d flare speeds with power;

c. best glide speeds with propeller rotating and stationary; and

c. glide approach and flare speeds wit h propeller rotatin g and
stationary .

3, Since onl y a limited performance evaluation of the aircraft had been
comp leted or receipt o~ this task all tne test5 conduc.te~ with the canopy
removed were repeated witn the canopy fitted for comparison purposes .

CONDITIONS RELEVANT TO THE TEST

Test Aircra f t

4. Airtrainer A 19-O 31 was used for the tests. rhe aircraft skin was clean.
and aerodynamically representat iv e of fleet a i r cra f t  except that the A RDU
trials versions of Mods ~212.OOE .112 Part S (underwing vent ) and 7212.005.120

~cooling air scoop) ~ere fitted instead of the production versions,

5. The aircraft was wei ghed and centre-of-gravity determined~ These
are det ailed i” Table 1 , Th e ai rcraf t  was flown with t he same crew on all
tests. A photograph of the test aircra ft with the canopy removed is at. Annex A.
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~erial Configuration Weight (lb ) CG (inches aft of
statio” datJ fll )( 1)

a C

1 No fuel , ca nopy f i t t e d  1591 .0 32.4~
2 Full fuel, canopy f itted 1884 .5  32. 15

3 Full fuel , c anopy remov ed 1843 .0 31. 7j

~L~IL: 1. ~G limits forward 30.2 inches
aft 36.0 irches

TABLE 1 — AIRCRAFT WE IGRT AND CO (A19—O ~~j

Weather, Tim e ~‘.d Place o
f T ests

6, Fourteen sorties were flown from Laveiton for a total of 14.5 ho~:s.
Glide performance tests were flown in calm conditions wit~ neg ligible thermal
or orograp hic disturbances . Evaluation o~ minimal air disturbance was by
tre flight test observer who was an experienced sailp lane instructor and
included cons iderat ion of the atmosp heric temperature lapse rat e up to the
test altitude.

I strumentat ion

No special instrumentation was used except  for a han d held
stopwatc” . T ne a irspeed a~ d eng ine RPM were  recorded by the pilot 1- the
left han d seat . The lef t  hand AS I was cal ibrated at the be~~~~~ing a d  end
o~

’ t he  tests. Altitude was read by th e flight test observer in  :he ricnt
hand seat (altimeter settinn 101 3 r~t ) .  m e  airsreed and a1tit~ de oress . re
error correction (PEC ) used were deterrninec under Roference B.

Glide Performance Test Technique

8. Glide performance was measured using the partial descent me thod ,
the time to descend 1 000 feet beir q timed. The aircraft ~au maxim~ n
f uel at s tar t— up and fuel added at t h e end of t he flig t  was notc i .  T~~e
actual time at the beg in.nirg of eacn test poin t was roted and fuel s t a t e
calculated by dividi”g the fuel used for all tes t s  by the number of tes t
points , taking into considerat ion t h a t  required for t a K e - o f f / :lilru ~rd
recov e ry / landing. Engine RPM and indicated airspee~ were  recorded i~ t~~ e

midd le of each rart ia l  desce nt .

TEST S MADE

9. The following tes ts  were  made.

a. ‘ a ’d ling assessment canopy removed;

b. glide per f orr ilarce canopy f i t t e d , and

c. glide performance ca~ orv removed ,

/ ftE~ ULT S



RESULT S OF TESTS

Han dling Assessment Canopy Removed

10. Climb. m e aircraft was climbed at ~~~~ power at 80 to 85 KIAS.
As w ith the standard aircraf t  and _~sing a s imilar climD a t t itude , mooecate
diff iculty was found in maintai iing a” accurat e (+ 2 k~ o t )  airspeed. Climb
performance was noticeably reduced above about 2000 feet altitude. I n ISA
conditions the rate of climb (ROC ) was 300 feet/mi’ at 5500 feet altitude.
The absolute ceiling was estimated to be about 7000 feet altitude. A
persistent , low frequency, low amplitude rudder buf f et was e.idenr dux i~ g all
mano euiires at full power . This could be described as rudder tram p because
of the low frequency (2H z )  but did ~ot presen t ary handling diff iculties.

11 . Stabilit y and Control, The aircraft stability and control
characteristics were examined in three typical confi gurat ions~ cruise
(clean , 26 00 R PM , 100 KIAS level); approac h (take—oft flap 9 85 KIA5,
500 feet/mm ROD ); ard landing (full flap, 70 K I A S , 500 feet/m m ROD).

a. Longitudinal. ~Jith -r .~anopy removed the aircraft ‘‘as
eas ier to trim longit~ inally in all three confi gurations
than with the canopy fitted. The p’iugoid was mor e heavily
damped ( 2 cycles) and the neutral band was smaller (about
10  k n o t s )  with a 3lightly hi gher stick force gradient,
The aircraft was easy to manoeuv re j n pitch .

• b. Lateral and Directional. The rudder force gradient was
constant and slightly hi gher with the canopy removed than
wit h the standard aircraft . In the cruise confi guration
the level of airflow buffet (see pare 1 4 )  increased markedly
at about half ruddei deflection about 5 sideslip) and
caused som e pilot disc’omfor t at higher ang les of sideslip.
In both other confi gurat ions, full rudder could be applied
in a s teady  heading sideslip witn only slight pilot
discomfort because of wind buffet , The dutch roll was
neavily damped in all but the landing configuration when
it was still damped more than with the standard aircra~ r.
The roll compone nt of the dutch roll was also more
domin ant th an usual but ‘O ba”dling difficulties were
experienced in the calm conditions jr wn icb tine tests were
conducted , Rates o~ roll in all con~ igurat iors were
qualitativel y similar. Tin e aircraft was slightly easier
to trim dir ectionally t h a n  usual.

12. Stalli”g. Stalling tests were conducted in several aircraft
conf igurations. All stalls we r e  i” straig ht flight and were  ap i ’ roacbed
at less tha n 1 knot /second.  A i rcra f t  response t o  control  inputs was checke d
at intervals througnout tne approach to the stall . Post stall beha..ic.,r was
examined by app lying full back stick at the stall. I~ general , t he  stail  was
very  similar to  that of tre standard aircraft ir all the conf i gur n t io n s tes ted
except that there was decreased stall warning. There was no uiffieult y i’~
aircraft control during m e  approac h , the stall , post stall or reco’~ery. All
controls were effective tnroughout and there was no tendency to auto- ro ta t ion ,
The stall was always easily recognized. There was a slight decrease in
lateral stability, especially in the full flap confi guration (p  to 10 wing
r o c k) .  This wing rock was easily controlled with aileron . The tests a”d the
stalling configuratior s are detai led in Table 2 for an average AUW of 2208lb and
CO position 3 1.6 inches aft of statior, datum .

/Ser ipi 



Serial Configuration Warninq Stall Speea Character ist i :s
(Canopy f it ted )

Clea , idle power 61 KIAS 60 KIAS (60) Nose drop

2 T/O flap9 idle power 56X KIAS 56 KIA 5 (55) Nose a”d wx ’ g
drop

3 Full ~1ap.,idle power 50 KIAS 50 KIAS (494) Wi ’g a- u  ~os6
drop

4 Full flap, full power — 47 K IA S Nose drop from
pro’ o..nced nose
up attitude

5 Clean , propeller 62 K IA S 62 KIAS t14) Nose drop, some
rotating 500 RPM tendency to wing

drop very
dependen t o-’
sideslip

6 Tb flap,propeller 58 KIA5 58 KIA S (54%) Greater tendency
to wing drop

7 , Full f lap, propeller
______ 

stopped 
- 

52 KI A S 52 K I A S  (4 9~~
) w ing drop

TABLE 2 - STALLING TEST S -, CANOP Y REMOVED
CT 4A  A l 9 - 0 3 1  2208lb CG 31 .6 INCHES

13. Circuit and Landing . Both normal and glide ~idle power ) c i r cu i t s
were flown.. Handling during the normal circuit was similar to th at wit the
canopy fitted except ~or the higher power settings r equired (eg 20 inches MA P
as compared with 1 7 inches MAP , 100 KIA 5, 1 000 feet downwind) . ir cal”
conditions, a higher rate of descen t (ROD) was evident on glide circuits cut
t h e  normal pattern and speeds (100 KIAS , 1500 feet low key; 85 K IA S ‘i~~al)
were suitable proiided ‘lap selectio - was delayed . For instar’ :e , ‘T/ O flap was
selected about Half way arou d the base t urn and full tlap on short finals
(c F pars  32) .

14 , Pilot Comfort.  For all of the  test flights bot h tie pilot and
the rli ght test obser.er wore a ditior.al clotbi nJ and nelicopter beirrets
(T ype SPH4) fitted witn oxygen masks from wbicn the Hoses had been remo .ied .
These equi pments were used tO facilitate comm .-i:ation . Cock pit noise le.,el
was markedl y hi~ ber th an with tine canopy fitted b~ t did not obstruct ;oice
commu~ icat1on using t ine intercomm system . I~’ fliq t there was a marked
buffet withi n the c o c k p i t  (ie pressure vari ,itions) hut t~~is di d not obstr~.ct
normal pilot operations . There was ely little airlfow th r ou 3b  tb~ sides of
the co:kpit j— balanced ‘lig ht but a noticeable dr au r~”.t from V-ear to fiont
between the pilots. This was su ff ic ient l y stron j to ‘w~ ip ’ t’ e ra:~es 0 ’ a
check list . Variat ion of s itt ing height had little ef f e c t  jr rcducing noISE

or wind buffet . In cruising flight the slipstream could he felt usin g a
fin g e r )  to  closely follow the co nto rs of t h e  canop y in the  s ea t  i’~i area of
t h e  cockp i t  bac k to at least tne ro l l - -over  s t i uc t u r e,  T~.c r c  was 0 icr rase
in nOisO or buf fet  at the stall. No flights were made using the  standard
he lmet and boom microphone.

Glide Per fo rmance

15.  Method of U pi cu ipt io n . T h e  t r u e  r at e  .o f . .d r s c e nt  and a ’ q lc of

/ miescc
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des:e~ t were Calculated using the time to glide throug h 1000 feet , the ambic~.t
air temperat ..re at t in e pressure altitude of tine test (from metecrological balloo”

• fligints ) a— o the calicrat ec airspeed. From this the co~-efficient of lift and
drag for t h e  tes t  :on ’ i g u ram io n was calculated for tin e aircraft AUW at tne time
of tne test . The ratio of’ co-e icient of drag to co~ ef f ic ient  of lift was
plotted against calibrated airspeed to qiv e tne best g lide speed for t h at
confi guratior ‘is mr ni~rum C

0 ~~~~~~~~~ 
Tine aircraft drag co-e fficien t was assumed

to  be a function & the square of tine a i rcraf t  lift co- .eff ic ient and a eec o .n~
order least squares fit of t -e test data was used to generate an equation of th e
form ~ = 1’

DE 
k

1 
C L~~

+ 
2 

C .~~ for eacr corg ifuration tested.

16 . Eonfig rations and Drag Models. T in e configurations tested are listed
i T able .3. Tne results obtained are at An - ex 8, which details~

a, tne cor stant co-efficient of’ the drag equatio”;

b . the ra rge  of t e s t e d ;  and

t he  value of C’ for- minimum C’ /C L
for each co~~~1g~ rati o ,

Serial Canopy Power Flap Position
a b c

On ~dle R e t r a c t e j

On Pxope ller Windniilling Retrac ’e~
3 0- Propeller Stopped Retra:teo

4 Off [dl~ Ret r acted

5 0f~ Idle Take Of’ Flap

6 Off Idle Full Flap

~~~ LE 3 — CONFIGURATIONS TESTED

1 7 ,  Effec t of Canop .~~ Glide perfo rm ance botn with the canopy installed
and rem ot ,ec is prese ~ ted at A nnex C for the engine at idle power a~ d at sea
level i ISA condit io s, 1 ine referen :e wei ght with the cerooy fitted w a s
taken as 2230 lb a~ d as 2208 lb w it n  t he  canopy removed , T e  aircraft was
slightly easier to trim longitudinally with the canopy removed than with the
canopy fitted but i’ both cases little difficulty was experi enced in maintainin g
airspeed witnin 2 knots i still conditions using tne norizon as a visual
reference . T here was little pilot discomfort in terms of ~uise buffet or
other distractio- r~ a c lear , idle power g lide with the canopy rem ov c d .

18. Elfect o f E ,~~~.e, Glide performance with tin e canopy fitted , mn e flaps
r e t r a c t e d  and at idle p o w e r ,  w i t in  the propeller wi~ dmil1irg (ie m ixture co,~trol
idle c_ t off) a d  -it the propeller stopped is at Annex 0. Th e reference
weig n t 

~~~ these data was 22~ O lb at sea level in I S A  conditions. The
propeller wi ’dmilllng uo’ditio was establrs k~ d rmm edi anel~ following a cull powur
climb to ‘ nc test altutude .ie Cdl 210 to 220 C )  hy retatdi~~g t he throttle to
idle. so lc :t  in.) idle c.~n - o f f  w i t h  t n~~ mixture ro r  t roi and tu r n in g Lot ’ th e
l In IT  ion a~ d t’~e low :oost pum p. ‘OFF . -c seler teu speed was est ainlisned and

‘h r_ l~ ~or
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held 4’or at least 500 feet prior to t~ n- .~~g the descent over ~he next 1 000 feet .
By tne end of the tim ed descen t the LHT decayed to about 100 C. At airspeeds

* . below about 70 kno t s  t h e r e  was a tende - cy f c r  t i n e  propeller to  slow and eventual l y
stop particularly if two or more successiv e timed desc ents were attempted
without an intervenin g climb , In. a prolonged glide witr t he  propeller
windmilliny when the propeller did stop comp let ely a marked directional trim
change was evident (“3 sideslip from tine rignt at 10 KIAS). . Some care
was required to re~ tr im the a ircraf t  in th is situation because the yaw and
out—of- .-trim cond ition was eas iL y mas <ed by the moderat e eng ine vibrat ion
associated w ith the propeller slowing from 400 to 0 RPM .

19. EFf ect of Flap, Canopy o ’t ’ glide pe r fo r m ance  at idie p OmCI  and L - . the

clea” . ta k e— o~~ flap and full flap con~ igurations is grap icall j presented at
Annex E. T” e re ference wei ght for these  dat a was 2 208 lb at sea level it
ISA conditions. Th e lo’-gitudinal a-d directional trim change on cb a gin5
the flap position was not markedl y dif’erent to t ha t  w it n  :~~e Canopy fitted but ,
agai~~. th e aircraft was easier to trim wit h tine canopy removed than with the
canopy ‘itted (c~ para 1 ). The oth er si g~ ifi:ant feature of aircra ft
andli’ g u these tests was the noticeabl y li gn ROD and steeper nose--down
(ND) attit .de associated with a full flap glide witn th e canopy removed compared
t o  that  w i th  tne c a no py  ~

‘itt ed (20 0 ND compared with 15 ND at 85 KIAS) .

DISCUSSION OF RESULTS

Handlin g Assessment -. Can~ py Rem oved

- 20. Climb . Ai rc:aft handling qualities i a f ull power climb with t e
canopy remojed wer e satisfactory . The noticeable lack of climb performance
above about 5500 feet altitude in 15A conditioins irdicated that difii:ulties
mi gnt be experienced in climbing to even moderate altitudes in hot
condit ions, This was unsatisfactory but acceptable since this aspect
snou ld not prevent recovery of an a i rc ra f t  after j et t isoning the ca nopy .

21 . Stability and Control, The qualitatit e nature of the tests sufficec
to indicate that the st ic k f ree long itud inal and dir ectional s tat ic  stability
were increased with the canopy removed, For typical conf i-:urations, including
propeller w irdmilling and propeller stopp:d g lides , aircraft stability and
control  was sa t i s fac to ry  with the canopy removed.

22. 5tpllin,~~ The stalling chara cteristic s and post stall behaviour
of’ the a i r c ra f t  were s a t i s f a c t o r y  with the caropy removed There was no
tende~ cy fox t h e  aircraft ‘o auto— rotate even with f ull aileron deflection and
t h is, together w~~tn the evidence of i-creased dir ectional static stability
indic ated tnat Y e  likelihood of a” i’advertent spin was low. Although
spInnin g tests were not conducted there was no reason to suspect th at recovery
from a full y deieloped spin would be prevented if t~~e canopy was jet tison ed -
Since the stal1i~ g speeds were similar with tine canopy fitte d and re~ 0ved , t~~e
deductio ’ was that the canopy did not signifi:a tl y contribute to the
coe~~ icien t of lift at high ang les of at tack (see T able 2~~. All  per formance
tests. however , showed th at :emo~’ing the ca opy imposed a sev ere -iraq renalt y
( see p ares  20 and 2 5 ) ,  T n i S  resu l ted  in a b in-net  RO D at t he stal l  t a n , w i th
t h e  c a n op y  pit ted w~~i: n~ to ne the r  w it ’~ t i n e  (slightly ) reduced stall w a r n i n g
was unsat isf actory  but acceptable sa’-re the stall was easil y irlenti4 iee a ’d
easilg recoverable ,
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23. C’ i rcj it  and v a ~~~~~~~ The  handling c ne ra c t e r is t i c s  o~ m e  airera~~t in

t’-’e t i t c uit  and dur ing approac h and la nding we r e  sa L ie~~acto i y  wi th the canopy

removed i- the i,e- t t ’ at  6- line power w a s  available .. do rm al approa.: and flar e
speeds s - - ov id  be usee in n i n e  s i t_ at io  wit h the proviso that engine pow ul snoul~
be reduced  s low~~ c” ia - ding bar ause of tin e a i r c r a f t  d ray  w i tn  me canopy
r emoved,  A r e p . d  :~~duttio’

- i pow e r n iy~~t allow t he  a i r s p e e d  to  rec~ cs  at a -:
f a s t e r  r a t e  than I e s pe c c a l ~y a et udE t I p ulot rninnn a t i c ap at e , leadr’in to a
heav y landi~Y; or tai! st l i’- a ,  ~~~~~ was ... s at r s f a c n o r y  bu t acceptable for a’~
e m e r g e n cy  r--oc :E ~ f o p a r t ’. ion . Eng~~”e OJL c i r c u i t s  ar- i  lan~rim q a r e  d i sc ussed  in
p a r s  3~~.

2 — . Pi lot  Sc - c .  - , p ilot conh ort in inc aiic ra~ t i’ all n o r m a L  a t t i t u d e s
an d conf i g .r at io ns  w i t  tn u :a - o t ~y i .e  ov e . r was  aat i s~~a :to rj , A l:noug - no
iignts  were  mace ~sv in ~~np standaru ei in t  , T~~pe O5J~~~ P~ aini uOO~ ‘t i : rop .nOne

r y e absence  o~ s i.r i f r c a ’ t  0i1 f Io,. around f b 0 p~~iont-  - a u n t  ~nd c a t e d  t in ;~ ’
commun ic un ior’ b e t w e e n  clL oc s or to o tne :  s ta t ions  ino~~Jo - ct  oe deg raiec,
However , t hC  rr a r k pj  air in’lOw i’~ t~~e ~~~~~ cor ” 1,l -~rat1o n w i t h  s ij a s l l p  nirrht

in~~ibit o1rmJ iCat1O~ in a epi din in g w - iCe ’ th E c a~~O;- y was j  atttso~~ei
p r e p a r a t o r y  to aha do~~in} tn e  a c r a t t . , in this Case . L inO C a p t a in  s ouid
i st t u c t  t h e  o t n e :  o c :upa ’ t  a t i ne  i teinio to aba n .iO t n~~ a l r c r a t c e f o r e  t i n e
canop y was  ict - iso eC . e inten r io- ‘ 0  abandon t i ne  a i r c r a f t . so il be inplicit
in inC act ion o~ ~ 

ut t iso iny t i ne  af lbp j  ; t ’~e onlj f o r e s o e a r lc -  d i f f i~~ul t i  nIh-

a r isC  i~ t~~e capta in  u s - 
~ad h is decision not to  ac a ndon t he  e ii n :a ft  a f t e r

j e t t iso’ . This as p e C t  was  unsan i s~~a c t o r y  but accep:ab l~~.

Glide ~er o :ma ce

2i . E 4 f e c t  of La qpj, m in e tcsts snowct a significant increase in a i r c r a f t
d r a g  at  cilc pawe : w i t -  t~~e c a - o p .  reno~~Eu, T h e  s ern u e 1

~~ect  wa i l  be e-~ide-t
i c o n f i r a n i o ~~a ~o : t c s t a i .  T o  e a s e  dra~ ~~~ 

wan i n nx ea s e : r  n y win t h e
ca nop , r emo- !ec on m ere w a s a f r t n~~r c ’” eCt  o~~~~~~n r e n s c d  i n h u c e d  d r ag ~con t :mnvced

~~ 
e C r C S  ~~~ 

~2 
C

L
’ in t ’ e  d r a . t  n qa a t i on t  of up to 5% at st5ilit rt speeds

- se~ ?~~~y .c B. serLa is I a t m n

it, E e L ~~~c ’ E ~~~~~,e, Inc t e s t s  s ower:  at i’ inc c-n c of n c - c fail-in c
where t he p ropel ter was windsillina ne pi. c-pcI 1 c r  was lakcl, - a t v O i n~~aily stop
occ ausa o’ inc e gine :ooi r- y il s~~ff~~cinn e151n  was a~~aiiabla for a nrolonge d
nli~~a, Inis w~~s :osIreable since the mi fli~nu n 0 1 0 . 4  conr i on was with t’- e
propelle r shopped - ~dle powe r c lorrel~ app rOxih ate d ta n prop eller wi ’d rn  illirg case
since 

~~~ 
was  ~ .ii-: - t i y create : “or t r . E  latrcr t in induced drag a ’ t  ects ~ere

similar u re v, , , ~ similar valve fox ldle and wi dmiil ; see A n n e x  B , serials and
2 ) , [neined dra t1 .J ’ ects were also simil ar wit ” the pro :cllL r stopped but the

case or zero lift d rag ~C3[ ~~~ sij i~~i .a’ t ln less ~~~~~ 5~ on ra  lye still

air glide ra tios win the canopy f~~r ted for idle , wcnd m ill ore s’ o:p d were
‘- 5~~, ~~~~~~~ a o 8. .2 respec t ivel y. A ;ain , no e f ’ - o c t  0” powe c was ~~ crli c a.:le to

co~~fir )ura. ion s Ot 1-5~ tha n - - Dine tes ted-

27, E1~~ect -il_ Take-c~~~~F~~~~. Ait~~ojnn tine t a l e  d n a ’  wi t -- t a  f tia:

increase d 0~~ur t - at foi T h e  cicar air inil’. (~~c S~~ ;reann : t at n .el ainrIns
of’ att~~:.~ ~~~~~~~~~~~~ m e  total d r a t :  w i t h  t a < u - c ; r f  n ap ~~~ i n s  b a  ‘0 a
sm aller iiniuChh ~~~ ef e:’. tie k 1 , r .  Te r r e f o r  t~~k~~’o~~ icr ‘ a or t o
ciea co i )-v r utio - , ceo A tn e~ B , seri ils d v ’J 5). T t’i ’- w c  t . o w an A n r cx  E

wu e r e  t he  m i n t or PSi) ‘or ‘ eke -- n fl l~~t ~ a t h e  - lea r.o~ r .rc r tron intersect

at a r o . ’ K A’ 4 t c r  a r e1er em ce ~ a r ; ’.l ~~~1 2 2 0  T~ in IdA cea le.,el ~anr it ionS ,

/:nc Same



The sam e effec t would be present in other configurat ions not tested for inst ance ,
canopy fitted and propeller stopped. However , the slightly decreased ROD with
flaps re t rac ted  wou ld not normally be useful, particularl y for a student pilot ,
because there was very little marg in abov e the stall (cf  Table 1 , ser ial I ).
If minimum ROD was required to minimize verticai. impact energy the more
appropriat e action would be to glide using take—of f flap, accepting a slight ly
greater ROD but maintaining a greater marg in above the stall (cf Table 2,
serial 2 ) .  This situation could arise for instance , in a night eng ine out
landing in unknown terrain.

28. Effect of Full Flap. Tine effect of full flap was to significa ntly
increase both LDE and CL max .  Fur thermore , induced drao was significantly
increased with full flap (see Annex B, serial ~). The tests allowed direct
comparison at idle power but , again , the effect would be ev ident  in
confi gurations not tested,

Glide Speed Compromise

29. Utilization of’ Resu lts. Althoug h the tests provided precise
quantitativ e data on the effect of canopy , power and flap on glide performance.
there were two other major variables which sh ruld be considered. These were
aircraft AUW and w ind.. The airspeed for best gl ide  a n g le for AUW s other

- than those for which the result s were presented cou ’ be easily calculate d since
it was proportional to the square root of AUW :

ie KCAS req d AUW req d
test  test (for est glide ang le)

• The effec t of wind on best ground glide angle could be determined either
analytically or grap hically since wind moved the ordinate axis of the grap h of
ROD against KCA S along the abscissa according to the direction of the wind,
For instance , in the case of a headwind , the origin was moved to the right by
the stren gth of the headwind as illustrated in Figure 1,

20 50 100 KCA S

A , Airspeed for  best pli d a anole ,
zerowind

B . Airspeed for best  glide ang le .
i000 20 kis hendsi rd

II000

ROD 5 1 ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~j~ in~.3 j RA I i vL  lll, ~j



30. Effec t of AUW and Headwind on Glide Perforrr.ar~ce (Canopy On/Clean ).
To reduce the test data to a sing le compromise airspeed for best glirr e ang le

- in the clean configurat ion taking into account AUW and headwind , the criterio n
adopted was that a ground glide ratio greater tinan 95% of the opt imum should
be acnie ’..ed i” headwinds up to 20 knots. Using the method c ,,tlined in p a re
30 and Annex D, the resu lts detailed i~ Table 4 were obtained :

an al Power Condit ion Optirn .m 95% Opt imum

KCAS Gro ,,nd KCAS Sround
Glide Ratio Glide Ratio

_ _ _  a b c d a f

1 Prop Still aix 83 8.52 72 until 8.10
Stopped prop turns

2 20 kt h eadwi nd 90 6 ,52 75 un t i l  6.20
pr-op turns

3 Idle Still air 79 7.56 68 to 92 7.18

4 Power 20 kt headwind 85 5.69 74 to 98 5.41

5 Prop Still air 77~ 5 7.41 Prop stop 7.04
to 90 .5

6 Wi’-dm ill 20 ~t headwind 84 5.50 71 to 99 5.23

TABLE 4 - EFFECT ElF 2OKT HEADWIND ON BEST GLIDE ANGLE
(CT4A A1 9.~031 AUW 2250L8)

To main’tair>95% optimum grond glide ratio at an AUd o~ 2250 lbs i”
headwinds from U -to 20 knots ’bne speed range was 76 KCA5 to 90.5 KCAS ‘

(Serials 2e and Se of Table 4). Ad j_ sti~ ; tc ose valces f’or AUW from 2-400Th to
1900 lb (see pare 3D) th ese airspeeds became , for equal glide ang les~

- a. 75 KCAS at 2250 lb to 78.5 KCAS at 2400 ibs; amd

b, 90.5 KCAS at 2250 lb to 83 KCA S at 1 900 lbs. 1-
Therefore , t - ~ ai r s p e e d  r a n ge f o r  > 95% optim um grou nd ~1,de ratio for
headwinds from 0 to 20 knots and AU 2~ s from 2400 lb to 1900 lb was TB .5 KEA S
to 83 KCAS. To provide an easily remembered round “iqure a comprom ise
airspeed o 4’ 81,5 KCAS (ED KS AS) was chosen .

31. Anal ysis of Glides at 61 .5 KCAS (80 KIA 5 ). Usin,1 the metno n o~
pare 30 the information presented in Table S was extracted from Annrx I) “on
clean glide performa nce with the canopy fitted i headwinds up to 20 knot s
and for AUW~s from 1900 to 2400 lb . This showed t~’at 81.5 KCAS (80 KIA S )
gave great er than 96% of tne optimum glide ang le for t nas e  c o ’  i: it - s
(Serial Se of Table 5). An adequate rule~- .oF_thumb for pilot esti ri-.atao’ o~
glidin g ran ge was o~ e na,~tjcal m ile/i 000 ~

‘c c m  r~eiu 1b t , For huanwi nd s ~~
40 knots , the optimum gliding speed incre~ aed to 95 KCA S hit Flight at 81 ,
KCAS provided greater th ar’ 93% opt imum ni roubo glide ratio, The s itj a t io”
in any h eadwind/AUW combi natio” woj ld  be marginally improved if t he  prortellor
was stopped since the wors t  case of idle power was ucec as t n e  oasis ‘o~
c ompar ison.

/Strrial 
-
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s eria l Power AUW Nil Wind 20 knot Headwind

Opt imum 81.5 % Optimum Optimum 81.5 % 0pt im~ m
Glide KCAS Glide KCAS
Ratio Glide Rati ’  Glide

Ratio Ratio
a b c d a f g

1 Prop 1 900 8.52 8.47 99% 6 .52 6 ,36 97%
5topped

2 240 0 8. 52 8.4 7 99% 6 .52 6 .56 97%

3 Idle 1900 7.56 7•37 97% 5.69 5.52 97%

- 
- 

Power 2400 7 .56 7. 56 1 00% 5. 6 9 5. 68 1 00%

- 5 Prop 1900 7.41 7 .16  96% 5.50 5 .35 97%

indmill 2400 ~~ 7.39 1 00% 5,50 5,50 1 00%

TABLE — ANALYSIS OF GLIDE5 AT 81.5 KCAS (80 KIA S)
CT 4A A 19— 031, CLEAN CONFIGURAT ION, CA NS R- Y FITTED)

32. Effec t of Canopy or’ Compromi se Airspeed. The flight test data
obtained permitted comparison between ca~’opy fitted and removed only at
idle power .  °owevex t n is was th e worst  situation (see An nex 0) w i t h
respect to RO D and glide rat io . A ’ . other eng ine condition could be
exp ec ted  to give smaller values o~ R D  and larger values of g lide rat io .
A comparison of t he  canopy fitted and ca nopy removed gliding per~ ar ma rce
at idle power at a” A L - o F 2256 1: (der ived from 22:~Olo less the weig ht ~f t re
canopy ) for 0 to 20 knot headwi~ u corcitjo’- s is at. Table f . Examination
oc Table 6 snowed tnat the airspeed for the optimum lide ratio was within
normal flying accuracy of th e conipro” ise air speed o~ 81 .5 KCAS (80 KIA S~
Further comparison showed tr ’at glidin : flint at 81 .5 KCAS would give greater
t’an 9t% of ~ie optimum gliuc ratio for all eng i~ c conditions in ~eacwin~is
from 0 to 20 knots.

Serial Canopy Optimum Nil Wind Opt ir—u n 20 knot ~eainwi

A irspeed Glioc Raliu A icepeeci Gii~~e Ratio
a b c d e

ON 76 KCAS 7 ,56 85 KCAS

2 0FF 78 KCA5 6 .99 82 KCAS 5 .18

TABLE 6 — EF FECT OF C A N SP Y  ON COM PR O M I S E A IR SPE ED
(CT4A Al 9— 031, C L E A N  CONFIGURATION , IDLE POWER )

33. Approach and Flare at 80 KIAS. The discussion at pare 29 of
the effect of full flap was based on the airspeed for best glide ang le
(m i nimum 5D/5 L) At an AUW of 2208 lb in nil wind conditions witn the
canopy removed this airspeed was about 70 KCAS ( T O  KIAS ) with a ROD o f’
1275ft/min and a ground glide ang le of 10 .4 degrees. The rapid dec ay in
airspeed c aused by the signific ant rise in induced drag as the aircraft was
flared to arrest the ROD for landing did not allow sufficient marg in for error

,‘iF  4,his



• if m i s  manoeuvre was begu n from 70 K IA5 .  This was due to the steep nose
3 down (ND ) attitude required to maintain airspeed with full flap selected.

On the other hand , maintainin g 80 KIA5 with full flap, while increasing the
mar g in for (particularl y student ) pilot error as far as airspeed was co”cerned ,
increased the ND attitude and the ROD (to about 1550 ft/mir)(see Annex E).
The increased change in pitch attitude required to arrest this ROD could well
null if y the benefit of the higher airspeed because of the tendency to ove r—
pitch the aix-craft leading to a balloning effect with the airspeed rapidly
decreas ing and the aircraft several feet above the ground. Any headw ind
would further aggravate this situation which could result in a heavy landing
or in th e worst situation , a stall and loss of control . This was
unsatisfactory for studen t pilot operat ions. To overcome this situatio r’ t-’e
forced landin g procedure should be to use take—off flap for landing. F ull
flap should only be used for glid e path control in a gross overshoot sit~~at ior’.

CONCLUS IONS

34. Handlin g A ssessment .  The flying qualitias of the CT4A Airtrainer
wit h the canopy removed were generally sat isfactory (pare 20) .  The
stalling characteristic s were satisfactory with no tendency to autorotatior-
if t he aircraft  was mishandled at the stall (para 22). Aircraft performar.ce
was noticeably degraded with the canopy removed but this should not prevent
safe  recovery (pare 2 0 ) , Pilot comfort was adequat e end no difficulty in
communic ations was anticipated (par e 2 4 ) .

35, Glide Performance, Glide perform anca was significantly reduced
with the canopy removed (pares 25,27 ,28), Best glide performance was
achieved with the eng inr sLopped (para 26). The airspeed for glide ang les
greater than 95% of optimum was 80 KIAS for the following conditions
(pares 29 to 32):

a. canopy fitted or removed;

b. 1900 lb to 2400 lo AUW;

c. nil wind to 20 knots headwind ;

d. eng ine idling/windmilling/stopped; and

e. flaps retracted.

Similarly ,  best endurance glide performance was obtained at about 60 to 65
KIA5 with take—off flap selected (para 28). Eng ine out approach and
landir’g should be made at 80 KIAS using take—off flap as required on final.
Full flap should not be used except for glide path control in a gross
overshoot situation (pare 34).
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ANNEX B TO
REPORT NC TI 554

DRAG E~ UATI0N CO—EFFICIENT S AND MINIMUM DRAG CL

. 2 4Draq equation C D = CDE + k
1 

C
L 

+ k 2 
0L

W ing reference area 129 ft 2

5/No Confi guration C DE 
k 1 k 2 Range of CL for mir

CL CD/C L
a b c d e f

1 Canopy on , Clean 5.47Xl0 ’2 7.72X10 2 2.43Xi0
3 0.32 to 1.32 0.82

Idle Power

2 Canopy on , Clean 5.49X1O~
’2 8,58X10 2 

— 4.63X10
3 0.32 to 1.00

prop W indmill

3 Canopy o~
f,Clean 4.35X1D

2 7.66X 10 2 3.30X10
3 

0.56 to 1.32 0.73( 2)
Idle Power

4 Canopy off,Clean 6~ 33X~ 0
’2 7 ,4 1X l O 2 8 .19X 10 3 0.40 to 1.32 0.83

Idle Power

5 Canopy off, T/O 7,63X l D 2 7.09X10
2 

4.67X10
3 

0.64 to 1 .64 0.95
Flep ,ldle Power

6 Canopy 0ff, Full 9,O5XlCi
’2 9.22X10 2 

— 1,24X1C
3 
0.68 to 2.10 1 .01

Flep, Idle Power

~~TE5: ~. Prop tended to stop ~or 1
~~

O O < C L < ,32

2, Prop s t a r t e d  to turn above 95 KCAS

A



AM ~EX C TO
REPORT NO 11554

EFFECT OF FLAP ON GLIDE PERFORMAN CE

CMA A 1 9— O3 1— I LEA IJ CONFIGURATION—IDLE POWER
CANOPY ON—AUW 2250 LB— CAN OPY OFF—AUW 2208

-‘ CALIBRATE D AIR SPEED ( KCAS )
— 

50 6p 7çJ 3~O 9~ igo 1~ O 1~ O i~ O
BOO

1 OO0~

~~1 200.
El)

CANOPY FITTED

E

~l 400
a

CANOP Y
REMOVED

(4~

~ 1 600

~~1 800,
Li.lI-

2000,

C RAN SF

2200. [CANOPY ON 0 32
~~

C
L
<1 .32l

[~~~NOP ~ OFF 0 .40 < C  <1 ,32

~ioo
_ 

\

Li
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ANNEX 0 10
REPORT NO T 1554

EFIEii [ OF ENGINE ON GLIDE PERFORMANC E
CT4A A 1 9— O J 1— AUW 2250 LB

CANOPY FITTED—CLEAN CONF IGURATION

CALIBRATED AIR SPEED (KOAS)

30 ‘
~O 3~O ~O 1100 l~~O l~~0 1 3 O

BOO

1000. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ROFELLER STOPPED

1 ?Of]

I D L E

a)
-4-’0
c 1400-
E 

PRO PELLER
W I N D M I L L

-

~~ 1600 .

~ 1800

Lu
I-

C. HI- H
~~ 2OO O - L

ITJLE O . 3 2 < C L <l .32 1
PROP W I N D M I L L  0.55< C < 1 .001

2200 - LPROP STOPPED O.32<C~~<1 .3~j

2400 .

2500 -

‘I



A 1 L J EX E TO
- REPORT NO T1554

4

EFFECT OF FLAP ON GLIDE PERFORMANCE
Cr 4A Al 9—O 31- —AU W 2208 LB

CANOPY REMOVED — IDLE POWER

CALIBRATED AIR SPEED (KCAS)
50 60 70 80 90 100 110 l?O 130

I I

BOO

‘ OOO

1200
TAKE—L FF FLAP

C)
• 4-’

c

~ 1400

CLEAN
a)
(1)

~
_ 160 0

FULL FLAPI—
Lu
LI
‘I,

~~18o0
L.

Lu
I—
-a:
or

2000

2200 0L RA NGE

L~~LEAN 0:4 < C 4 1 .32
TAKE—OFF FLAP 0.65< C

L
< 1 .641

LLULL FLAP 0 .68 54< 2j~ J

2400

2500
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