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The Effect of temperature and altltude of ACIOdIODlO
in the taking off of Aeropla,nes

(paper Contributed to South African Association for the Advancement of Science.)
By P.G. Gundry, Ph.D,, B.Sc, F. AE. S. (late R. A. F)
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(1) Engine Peculiarities

!

(2) Aerodynamical peculiarities

(1) % Carburation DR T4 R X Air %3 high temp. 7z 2% Cylinder jacket Unequal
heating £-Ch 20 hOFEDOLFORE YU T 2 HRIFL OHE I —-F %K
ZwrfROBIT BN 3,

(2) 1% Atmosphere DR ITHT UMD BH OB Ch 3, atmosphere D 4+ D Pk
I 5 Aeroplane performance 13 4ZICAM OGN TRERZETHINLHRF 7 )
DS low air density CE - E IR TCHRITT 212k Per H. P EEL
%5 Max.load ¥ M0 TIR7RA SEMHEL S OEBTBIR A A0 2 & VBRI .
%o Rhodesia, Union of South Africa, DRIEBLH I i ¢ BOBER ISITH 1T
CEAHMETRBIES LICTh 50 B BEL R7REED + B 3L 2
HB L 0723 idea YEAIEAT 5 /0 AT Modify 323 E D 5 )
BCh 2 |

(1) . The effect of Temperature and Altitude.

ARAFREEE AT RET 5CET 2454
(1) “%7‘3'% b D load.
(2) REMAEKED load
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(3) ZROEE
(4) Propeller efficiency

B %O# Byl Ay 2T 3HCIR—F . b L CIA Y ERORITRIND
Scout FIDAEID I D X HIREHOKID P D2CHo Performance Yms T ks gk
%o 181 Propeller efficiency 332 DRCED FIERL D D TZNRETATRO HE 0
LD TED LSBT 23D ThH 5, Adr density A3 52 L1t X b Engine D
HP BNEALTsHIMARMOBITCTIN ENLH LT 2508 EL LTRSS T
_“altitude control 7 X #» “supercharger” & 0H3E b 2 THEHERORICIEL TH A,
DAF DR BT TR 58 S A1 23K P RATIRIRH R B (Performance tests)
CHA Ll v T 3 W E T 50 | |

BT Air OFFHICR 5 T L1k —7 Resistance DB T2k 72 T8I X K7L 2 air speed
5348 5 4 lifting. power DA ¥ Compensate 3 2 A3 {2k 2 53 Engine D 13
WAL BT 2HBMEE v, | | | |

Fig 1. oL engine factor fd) ¥ /7T, BILIEED altitude [TjRF 5 H.P. X Sea
level [T/} 52 HP. ¥ZzieRkd IR/ 650 '

18 LR EE#H DB EThH D d=Sea-level & @ Air Deusity ratio *C3% 3 different loading
’ & Air o different density (2 3}§ 2 performance |3 Fig 2—TFig 3 @ Curve ¥ BRI 4 2

Fig 2 1Tv T A.bSCiSSﬁx:Eol/g— I (d)\/ I
w

Ordinate=Vv'd vV T/w

Fig 3 T hC Abscissa= EV d JS(d) / 1
Vow

Ordinate=v i
‘ w

‘Where
E,—engine H.P. per 1,0001bs of load
d =density relative to air at sea level.
w = Wing loading in lbs per sq. ft. -
V" =level speed (air speed) in miles per hr.

v =rate of climb in ft per min.
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Fig 2 and 3 OFBHIIIEME T Vickers Vimy & D. H. 9. Machine, ) Actuéd test 2>
LEREETH |
(2) Length of run on ground before taking off :—

BERE O 1E E IERE I BRI OB A & g L EIVBVIHELYET Z)‘Fﬂljiﬁ 2 load T
Air HELVABFITIIIER B S B#tic L 3
Lieut-Col. van Ryneveld |3 fk il D&t iC K Eﬁﬁﬁ*@@k?V‘ﬁn@ﬂﬁf*ﬁii%ﬁ

&M% DY B URFLFGELTh 3,
D—Z ) 3k R0
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oo BEEECHE LC % ORDEIRBIEHE ¢ BB Y iR L)
%®%ﬁdﬁ&&ﬁﬁ&@%ékﬂémﬁﬁﬁf&5(mt%ﬂ@%%)'
RS 2 BBOW/ET = olkF T 22 L a3,

(1) % 20 miles/hr |T3ET 2% Tail down DEE,
(2) 20 miles/br Pl 1 speed 2% o Tail up @(F'-io

(1) DO EEMIHE TR D EESSEB 720 SSTHEISMERIR & KCM%'% ﬁﬂli‘z‘.
(i3 (2) © Tail up 5 HHEREY 2B CEHET 28 L T 50

WCHE X K2 M4 % 2 BB ~THH & © frictional force ¥ neglect AT
mum Alying speed ‘CHERET 23 DL BET 5
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Let.
S =the distance of the run from the place where the speed is 20 m/lr.
P =the H.P. of the engine '
7 =Propeller efficiency.
v =Speed in ft/sec.
m =Mass of the Machine in lbs '
g =32.2 ft/sec’
then,

Thrust —resistance = Mass X Acceleration.

955013/@ Edv=(")o fl’”)
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K ¢k 3 B5Ic Tailup CHEE 3 O L AFTATORM L Z~CTHD Airspeed ¥
[ ftfsec & F BABIL
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Where _ .

V =level speed in miles per hr.

Vo=Minimum flying speed is m/h.

E =H.P. per 1,000 lbs. ,
LEXRWTHRT V. E. X density 23T 2 REECEAFT 250U V O8I E Itk T

. oi{%ﬁ:{“&z) 7 BZhER LTI HOEHA iT/T{M’

Vo=V OBARRK T LB EEEIERICE X3 ciling DHATH 5o
(3) Application to Vickers Vimy Machine.
(1) Machine light. 6,900
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Fuel and oil 1,200

Crew and accessories 720

Total weight 8,820 Tbs.

(2) Machine light 6,900
400 galls petrol 2,380
30 galls oil 270
Crew, spares, ete. 950

Total weight 11,000 1bs.
(1) ©Fik light load LFBLCIE 2 load -CH 3.5 BRHORIT W~ BB LFHETRED
BATHD (2) DFIX heavy load -C Engine 33tz Rolls-Royce Eagle 8 \CH 5. KD
Y#IET 51Cis Engine © RPM rE~pIEZL 64 RPM.=1550 M7 L CHD
= v @ Sea level (density 1.) bench test D58 hHix 316 -ChH 5
wEOWBDITE RPM (ZEBuv kit Under estimation ¥ ¢ 2 3%8Th 5
Machine ? Wing Area—1,387 sq. ft.

#ic | (1) @ light load i
E,=71.5
W= 6.36 1bs/sq. ft.
(2) @ heavy load ‘CiX
E,=57.3
W= 7.941bs/sq. ft.
Ey=engine HL.P. per 1,0001bs. at sea level.
W= Wing 1qdding
%{-ﬁ CHEXMO factor j3 Minimum flging speed “Cdh B 2Z4LiL true Air speed “C In-
dicated air speed ¥ Vd TRRLRIDTh b0 Sealevel 12fdC light load 12 LTIk
60 miles/br LT RELZVEET A LCIH:D Speed |3 Wing loading @ Squar root {T
Propbrtional TR Vd 1t inversely 12T 5,
Propeller efficiency [JFiICEE L7240 { B I AL D DT best speed ITH L THE 709% X
BoHH LY ED low speed TIXZN X HINTHo8IET 60% T3
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LD data T Sea level L4 altitude & temp 1Tjd} 3 Minimum @/’%EEEE%‘E%:%
RLRIDBTORTH D

TABLE T TABLE2

Light (oad. Tota! weight §, Jzo jbS tedvy load. Total weight {1,000 lbs.
Run to ke off in fget Run to take off in feel,.
At Sea Jevel 32 ft At sea leve]l 601 ft. ’
Aitjtude. 3000 4000 5000 Gooo Altitude, 3000 40t0 5000 booo ft
Tem : TemFP .
50:F. o .. 418 461 s 706 885 o594 1124
6o £ ws > 436 486 gﬁ ZZ; 60 F. ... 832 935 1046 1193
70 F. - c» 461 519 570 630 70 F. . .. Bbo 991 g 1268
8OF.  aa o 4b6 542 603 i74 go ~ .. 93¢ (o060 1190 352
q0 ~ ea o= 54 57 €37 761 90 ¥ . ... 99o theg 1263 1443
109 F. o oy'542 6o 674 750 100 F .. 1050 1ol 1341 1542

LR Y b B 28T Bulawayo it A TIL 90°F D%iC 13T tﬁliﬁh@ﬁl‘]bt%@t
MOLNOB_IEDOEIYTEL, 3L 6000% o altitude T temp 100°F o FTFHKR
RTRERCRG 2TRITHD 21 BORIX BT 3HEX 50
(4) EHAZE
B B AT EE_%’E&Z ROTHRZFNULE S X CHRIRITEN S D LAEETH 50
ERADRFITHO MBI R RIXEOMORENOF 545 AXDFRHN 530D
DUCKTY . HEEDRE, M i 25 IRIED 72 5B 3 (U725 5URIED & B { 3B
CBLERIEBUELLLTH D0 K4 D altitude KX temperature D FICRY 5
LA g 3, o KB X b Alsn 3

43
[
sen- ) ) Ao \“ﬁn 0
Fry %
" ool £
[P » /
Too}-
el /
/,
400
5y /
S0 i /
[ 25N / ">
ET:14
429
300
3d
(3% .
208
s ehers Vut’ .
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woo} Fr & teo!
om ¥
Tee]. ' 750l
dco too g
500, 560
400|. aco.
oot 35y,
2‘”'. 20
o} eol- /
T} 70 3 ¢ 76 .~ A% 10 20 30 . <0 Y7 47 e 1
h HP e 1000 (hs
Rote of (lwd st g000fL , Rate of (lmb ot 5000 ft
71
020 ¢ TABLE 3. .
09000000 N T
weel £ SIS Vickers Vimy  Light load. Total weight = 8.826 168
- %yiﬁ Rate of climb in feet per minute: .
’ At sea level 845 ft per min. .
09 Altrude . 3000 4000 5060 booo 1L
i Temp.
50 F. 696 £as 567 - 543
fort 6o F. ' 674 619 566 sié
70 F - - 648 19 542 487
8o F. io 568 51 é sl4
Socol. a0 F. 597 542 466 439
VOO F. . 568 5i5 463 41
. . ThBLE 4 .
T Vickers Vimy. Heavy load. Total weight = 11,000 lbs.
Rate of chmb in feet per minute :
309) At sea level 523 ft. per min.
| Altitude. 3000 £000 Sepo goco {t.
Temp. .
i o go F. .. 396 ko 312 b7 .
- ¢o F. «.. 377 332 pid 243
’ jo F. v, 3568 308 265 22|
=T : go F. s 332 268 244 20f
g F. ... 308 265 322 180
- / 100 F. .o un., 288 24° 20l 162
5 i 36 L rr - £T) YT

CHP ri-1000 Lhs.
RL[L of Uemb az 6000-}(!; .

fig 4. 5. 6. 7. $3p 6 DOEX 2 temp KB LRMOD B 3 altitade 123 LT ground
HP. per 1.0001Ibs 23 L C O EHERBHEIN S, HROHDIT Sealevel T¥3 3
Curve y Bl ThHh s 2% D Curve |3 Wing loading 71bs. per sq. . D3 DTHh 3,
" different Condition DTFILIRF 5 rate of Climb |ZROFICHR T L Table 3 1% light
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" load <" Table 4 |3 heavy load DEAThH 5

Table 3 % B, %< Rate of Climb at Sea level <" 13 845 it/m @ 2 3 temp 100°F -
6000 ft o altitude -Cix 417 ft/m T O (R 3

A e BOBBIRE BRALR Siddeley Puma engine YW1} CE(o D.H. 9

machine DFER Y IFFNUL
Machine light 2,200
fuel and oil 500

Crew etc., 360

Total weight 3,060 Ibs

TABLE 5. Wing Area 436 sq. ft. R.P.M.=1,350
. Vooﬂirahiﬂek. ¥ ! 965 fc. per min ’
of climb in feet pe n. sea jeve] 9 . .
}}a‘:".&tujechm in fee Pz:o;:’ n ,3 40001 5000 éooo ft. HP (Sea, level) 242.
Tem
SOF . B0 g e g H.P. Per 1,0001bs (E;)=79.1
0 F. 72 71 ‘
70 F. U 7 ¥ 685 636 568 . ] ,
R P 13 608 542 - Wing loading 7 Ibs/sq. ft.
SZ ; iaa (A1) 568 5i8 g ng 754
100 F. Y 1 1 600 542 500

D Lo#k B g A3 512 Vickers
machine @ Bulawayo ¥ FEH § b D 35 M B B8 (heavy load) 78 & &wv- ] HRBED
D> LEIBRORTEES L ERBRESDCESTMINPLS5, DL 6,000
b C 100°F ogCiz— 4 Mic 1628 3 0| LIF B MK ZvOCThso KRBKE
“ Voortrekker ” -C'1%. 500 ft. “CIE# T RAF% performance ¥ HOTH 3. ZAUTARESASA
VOl 2Dy FYRICHERLERAIAED ZINY I ESE—-ORABEHHOE
BERIBEREECI(BEELCES B ’vg
(5) Humidity &
TATROMBBL £~ 5 TEO Cix air th Water Vapour 0 effect 332 ~ 7 g (U7 ¢
Z bR, Air IR 3 humidity Z5§i%‘7jﬂ’d‘ﬁ" Air Volume 33 U3 3 DTh 3. Jk
D Effect {3 low temperature WRATKERLCEXX 3P high temp. RZANTEE
R2ETha, Hil~E 100° F - Saturation DA dry air @ relative dessity |3
6000 -Ti% 0.746 %25 0.689 i 5249 7.6 % DX K ¥ ZALK X 3 Engine
power OFANL 0.736 k b 0.677 1249 8% 3+, dry air o relative density {3, Engine
factor & LCHUBNARTZ BA
HAih Aerodynamic O F T humidity o Effect 13 V'd (T IR T 2T FEA & Ne-
eligible Th 5
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Fig 1 |3 Saturated water Vapour DIgAITH$ 2 Engine factor Dt 7;R ¥ extreme
Case & LT 100° F' ¢ Satwation -Ci% Engine @ HP. 33 8 % W7 3 3 18 :EIEkEAS
8% LUMT ZENLDRLREECR ., REWD effect BT A X 2 EROHMN
Y 2EEIE~IBRTEL
(6) Hhwm
Central and South Afﬁca &Zﬁ’;‘{&iié‘ﬂ@'ﬁ‘ﬁl b per HP. |T¥#}d 3 loading 3.5
B ORERGMO6N 5, R bombing machine |3 b+ H-CR I SEET 503
vORBELTHSEL Z LI |
1) FATH Y RMORED I D\ A LB Kk TE2 L
(2) LHP. b0 loading ¥ Z LA BV T 32 &
(8) density DIFAIT X W HBMP YRS 2k ATt
(2) OHLBEYHEMY 2WRIE M RATL LD CHAERLE LE4 PRCABLHHT 2
EBRLAHETIULH B3 W2 L RAFITK 20 (3) DI BRI LT IXBRIH-C LR
BELELEOCHBIEMEHOCEIBHMERCY LB DY BRERLHY
BAEREED T O THEBFH OB R R OREHRDOR CHROFELRAT 2 LR L
HRXEDOR—TEL R HOBITBRIN S, e (b))
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