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MERITKO RYCHLOSTI PRO MALA LETADLA

2 IbTherkelsen B Publikovéno 1. zafi 1998

Néktera pozorovani pozadavki na modely v méfitku létat
rychlosti v méritku

Mirné zaujaty ndzorem na modelovou literaturu letounu, Ze modely v méfitku ¢astéji nez ne jsou
povazovany za “obtizné ", zaCal jsem hledat znepokojujici aerodynamicka pravidla spojena s tim,
ze malé modely létaji rychlosti v méfitku. Vague ndznaky ve sméru nacitani kfidla byly vS§echno, co
se mi kdy podafilo najit béhem ponékud koncentrovaného usili, zatimco konkrétné&;jsi tvrdé
informace, které jsem mél na lov, se vzdy zddly vyhybat se jakékoli knize nebo ¢lanku, na ktery
jsem narazil. Nakonec mé zvédavost pfimeéla naostfit tuzku a pfijit na to pro sebe. Vysledky
nepredstiraji, Ze by v Zadném pripadé byly ohromujici zprévy (nékteré z nich jsou skute¢né
trividlni), a nepochybné byly vSechny v minulosti mnohokrat prezentovédny mnoha dal$imi
osobami. Z oboustranného problému, ktery povaZuji za jeden z véha a jeden z chovani aerofoili v
rezimu nizkych Reynoldsihmotnostni ¢4st je relativné jednoducha a Ize ji snadno provést, zatimco
druha ¢ast je podstatné nepolapitelnéjsi, v nejhorsich pripadech nekontrolovatelna do bodu
prevraceni veskerého usili o proveditelnost modelu ve velmi malém méfritku.

Experimentaini Nieuport-17 postaveny do 1/8 méritka z bilych pénovych listd o tloustce 5
mm. Rozpéti kfidel T m, hmotnost 135 gramu (véetné 20 gram( noseballastu). KlouZe
rychlostiasi3m/s.

Co kazdy vi

Cas je opraven. Jedna sekunda je jedna sekunda, pojd, co mze.
Vzdalenost je 1-rozmérn4, proto je rychlost také 1D.

Oblast je 2D.

Objem je 3D, proto je hmotnost také 3D.

Pojdme 7 byt méfitkem (redukénim) faktorem.
Pro r = 12, model je v méfitku 1 = 12

Méfitkem dolli se vzdalenost zmensuje na 1 -+ 7, oblast se zmensuje na 1 =+ 2, objemdo 1 = 7°

Kdyz napfriklad fekneme, Ze model je v méfitku 1 <+ 12, odkazujeme na 1D vlastnosti
(vzdélenosti). Z této skutenosti vyplyva, ze oblasti musi byt 1 + (12 x 12)a objemy musi byt
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1+ (12 x 12 x 12).

Co by méli védet skalari

Aby Ctenafi nesli vice, nez je nutné, je nejprve uveden vysledek, podrobnosti a komentare pozdéji
pro ty, ktefi by se mohli blize podivat. Ve vSem, co nasleduje, index 1 znamena urcitou vlastnost
letounu pIné velikosti, zatimco index 2 je vyhrazen pro model.

Rule 1 Zo=21+T Wingloading, z, resulting from simple downscaling
Rule 2 vg =v1 X V1+r Velocity, v, resulting from simple downscaling

Rule 2a Vg =V1 =T True scale velocity

Rule 3 wy = wy + 1 Mass, w, required to fly at true scale speed.

Rule 4 svz = 21 + 1’ Scale velocity wing loading, svz, resulting from Rule 3

Poznamka 1 Pokud jde o hmotnost (hmotnost, aby byla spravnad), zda se, Ze neexistuje zadny
princip, ktery by sédm o sobé branil velmi malym modeldm v 1étani rychlosti v méfitku. Omezeni
spociva pouze v nasich vlastnich schopnostech velmi lehké konstrukce.

Poznamka 2 Pokud jde o vykon aerofoilu ve velmi malych Reynoldsovych &islech, zvlastni
problémy mohou zna¢né ohrozit proveditelnost modelu ve velmi malém méfitku. Mohou byt
uvedeny do hry G¢inné&jsi profily kfidel v méfitku, pouze nékde bude neprekonatelna prekazka pro
zisk, kterého Ize dosahnout timto zptsobem.

Pravidlo 1

Vlastnost, Casto oznacovana pfi porovnavani letadel, je zatiZeni, z, tj. Celkova hmotnost délena
kridlem. Pokud zmensime méfitko, kfidlovy prostor se zmensi o Ctverec, zatimco objem, a tim i
hmotnost, se zmensi krychli, to znamena, ze se hmota zmensi rychleji nez oblast, coz zase
znamena, ze model bude mit vzdy mensi zatizeni nez letadlo pIné velikosti. Tento princip
“ztraceného " kfidel je také zndmy - alespor v modelovém folkléru letounu - jako zékon “Etvercova
kostka . Zcela jasné to bude platit pouze za podminky, Ze materidly pouzité pro model maji
zhruba stejnou hustotu jako materialy pro stroj pIné velikosti a Ze tyto dvé struktury jsou dosti

podobné.

Pojdme w1a wobyt hmotnosti prototypu a modelu, a nechat Sqa Ssbyt oblastmi povrchi kfidla:

wy = wy + 1° ( by simple downscaling )
Sy =8y +1r? ( by simple downscaling )
z1 = w; +~ S ( wingloading, full size )

Zo=wy+ Sy =(w +r)x (PP = 8)=w, +(rx8)=z+r

ZWingloading for model ( by simple downscaling ) = Zfull size wingloading -

Pravidlo 2

Zvlastni vyznam pro letadla je Lift Equation: L = C, X ¢ X S
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L = w x g = Newton(N)
w = aeroplane total mass (kg)

g = acceleration due to gravity = 9.81m/s>
C, = Lift Coefficient ( a dimensionless value to indicate the lift capacity of a certain shape )
g=d=+2xv?
d = density of air = 1.225kg/m?
v = velocity (m/s)
S = surface area of wing (m?)
S=cxb
¢ = mean wing chord (m)
b = wingspan (m)

Zvedaci rovnice v plné vysi:

wxg=0rxd+2xv*x§
Nebo po preskupeni:

2xwxg=Crxdxv?xS8
Pfesmérovani rychlosti na druhou:

2 _ 2xXwxg
Crxdx S

Porovnani rychlosti modelu s rychlosti pIné velikosti:

’Ug_2><w2><g><CL><d><Sl w2><51 Z9

v_%_ CLxdxSyx2-w xg  Syxw 2z

Substituce zgpravidlem 1 se rozumi:

’U%_ zZ1 _1

vi  rXxXzooT
1

v3 = v x —
r

1
Vg = V1 X —
r

UVelocity for model ( by simple downscaling ) — Ufull size velocity X \/downscahng

Pravdépodobné zajimavé mize byt také porovnani plvodni rychlosti, vos vyslednou rychlosti, v3, v
pfipadé, ze se zméni hmotnost modelu (a tedy i zatizeni kidla):

V3 = Vg X y/W3 + W2
V3 = Vg X /23 + 22
Vypocéitany priklad Spitfire 1/12 méfitko

Letadlo v pIné velikosti:

vy = 58m/s ( estimated take-off )
S1 = 22.5m°
w, = 3000kg
(3000 x 9.81 x 2)
Cr= =0.63 total 1
L= (1.225 x 22.5 x 582) (total acroplane )
z1 = 3000 + 22.5 = 133kg/m?2 (full size wingloading)

Modelka: » = 12, vede k:
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Sy = 22.5 =+ (12 x 12) = 0.156m> (model wing area)

wy = 3000 + (12 x 12 x 12) = 1.74kg (by simple downscaling)

2y = 1.74 + 0.156 = 11kg/m? (or by Rule 1: 133/12 = 11 kg/m?2)

va =58 x V1+12=16.Tm/s (by Rule 2) ...as opposed to true scale velocity: 58/12 = 4.81

Je zajimavé poznamenat, ze rychlost 16,7 m / s je ne na méritko, které ma co do €inéni s rychlosti,
ktera se objevuje jako Ctvercova v rovnici zdvihu. Pokud trvdme na létani naSeho modelu
skutec¢nou rychlosti méfitka, bude samoziejmé nutné zménit jeden nebo vice dalSich parametrd v
rovnici zdvihu, aby se kompenzovala druhd rychlost. Jak se ukézalo, pouze C'r.a w jsou zdarma
pro manipulaci, z toho C';, neni snadno nastavitelny, takze jasné musi byt kandidat na manipulaci
w, model hmotnost. Nez se vSak problém vyresi, podivejme se na nadzor odbornika:

Don Ross ve své knize “Gumové modely letadel " uvadi néktera cenna Cisla pro optimalni zatizeni
malych létajicich modeld. Zvolena jednotka, gram/in2,je neobvyklym pfikladem Spatného
vkusu, ale nastésti je konverze dostateéné snadna.

gram/in® x 1.55 = kg/m?
kg/m? x 3.28 = oz/ ft*
0z/ft* x 1/16 = Ib/ ft*

Ross fikd, Ze pro model s malou dobou trvani (napf. Arasidova stupnice, 13 "rozpéti kfidel (33
cm)), nejlepsi kfidlo by mélo byt asi 0,33 gram/inza pro stfedné velkou rovinu (asi 30 "(76 cm))

Small : 0.33gram/in* = 0.50kg/m?> (1.6402/ ft?)
Medium : 0.50gram/in? = 0.78kg/m? (2.560z/ ft?)

Tyto hodnoty jsou jisté pro trvani modely. Z jinych zdrojd jsem zjistil, Ze lidé z R / C nejsou nijak
zvlat nestastni z pomémé velkych kiidel, pokud nepfesahuji 200z/ ft? = 6.1kg/m?(hruby
pramérny vynatek z nékolika pfispévki Newsgroup). Takze nase Spitfire 11kg/m2 zjevné ma
zavazny problém s hmotnosti po dobu trvani gumy a R / C, kromé skute€nosti, ze je zcela mimo
rozsah skute¢né rychlosti méfitka. 1,74 kg je samoziejmé nejhorsim prikladem a nepochybné
bychom méli jen malé potize s konstrukci modelu mnohem leh¢i nez to, jen stale nevime presné
jak lehké to musi byt. Za chvili vdm ukézu, Ze mGzeme skutecné vyvinout jednoduché pravidlo pro
stanoveni hmotnosti modelu tak, aby mél Iétat rychlosti méfitka, prficemz vSechno ostatni je stejné
(coz nemusi byt). Podrobnosti vam brzy poskytnu, ale prozatim mohu odhalit, Ze pokud by nas
model mohl Iétat rychlosti 4,8 m / s, vyzadovalo by to, aby hmotnost byla 0,145 kg, dramaticky
odlisnd od 1,74 kg, a jak to bylo, pfesné 1/12 z 1,74. Vysledné kfidlo by bylo

0.145 < 0.156 = 0.93kg/m2. Nyni se podivejme na hodnotu, kterou Ross déva stredné velkym
modellm. Jsme docela blizko.

Pravidlo 3

Preskupeni rovnice zdvihu na hmotnost:

_ Cpxdxv?x 8§

2xg

Za ponékud odvazného predpokladu, ze CL zlstava konstantni pro letadlo pIné velikosti i pro
model, mizeme napsat:

CLXdX’U%Xsl

wy = T ( mass of full size )
Cpxdxvix§
wy = —& Y3 % 92 ( model mass )
2xg

Porovnani dvou:

wQ_C’Lxdxv§><5’2><2xg_v§x52

w;  2xgxCrxdxvix8 vixS
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U1 .
vy = — ( true scale velocity )
r
51
ip——
r2

( simple downscaling )

Vlozenim téchto vyrazd pro v2 a S2 dostaneme:

ﬂ - (’Ul+7‘)2 X (Sl +’I’2) o i
w1 (v? x S1) rd
w1
Wy = —

_ Wtull size mass
WModel mass required to fly at true scale speed — T

(Toto je informace, kterou jsem plvodné hledal).

Tabulka efektu méfitka vyplyvajici z pravidla 3. PGvodni hmotnost = 3000 kg, plivodni vel. = 58 m /
s

Méfitko Hmotnost (gram)  Kfidlo (kg / m2) Meéfitko rychlosti(m/s) Re (popis nize)

1/4 11719 8,33 14.5 555000
1/6 2315 3,70 9.7 247000
1/8 732 2,08 7.3 139000
1/10 300 1,33 5.8 89000
1/12 145 0,93 4.8 62000
1/16 46 0,52 3.6 35000
1/24 9 0,23 2.4 15000

1/32 3 0,13 1.8 8700
1/48 0,6 0,058 1.2 3800
1/64 02 0,033 09 2100
1/72 0,1 0,026 0,8 1700

Pokud jde o samotnou hmotu, zdd se, Ze v zdsadé neni problém s Skélovanim doll a letim
rychlosti méfitka. Prakticka konstrukce takovych extrémné lehkych zafizeni, jak je poZzadovéno v
malém meéfitku, vSak nemusi byt vzdy snadna. Pokud jde o vySe uvedeny imaginarni model Spitfire
v méfitku 1/12, mohli bychom se snadno ocitnout v situaci, kdy neméame dostate¢né lehké
komponenty, abychom se dostali pry¢ s né¢im vic nez surovou verzi volného letu. Nejlepsim
Uspésnym prikladem, o kterém jsem dosud slySel (Walter Scholl, E-zéna sep. 1997), je model
Blériot XI, méfitko 1/10 o hmotnosti 115 gramd, vcetné elektrického motoru a mikro R / C a létani
v méfitku rychlost 2 m / s. Kfidlo je 0.46kg/m2, jesté méné nez Ross ' nejmensi postava.
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Alarmingly primitivni prototyp Bf 109 F ve smési péna / balsa, postaveny do méritka 1/12.
Ackoli umélecky vzhled této mé prvni pénové prace vibec neni na co byt hrdy,
aerodynamické vlastnosti nejsou vibec Spatné. Rozpéti kridel 83 cm, Clark Y-ish aerofoil.
Celkova hmotnost 128 gram( (véetné 34 gramového predradniku).

Klouza rychlosti 4,5 m / s. Rychlost klesani je asi 0,75 m/ s.

Pravidlo 4

wy = w_41 (using Rule 3)
r
S1 : .

S2=— ( by simple downscaling )
r

Wy 4 2. w1 21

= = - X +=51) = -
2 SH (wy %) x (v ) S1 x r? 72

Zfull size wing loading

ZScale velocity wing loading = 2

Reynoldsovo ¢islo (Re)

Zcela odlisnou zalezitosti, které musi Celit v procesu snizovani, je aerodynamické chovani
kridlovych profilGi (aerofoill) provozovanych v malych rozmérech a / nebo rychlostech, jak by bylo
nutné u malych model(.

Zacnéte Cislem Reynolds:
Viskozita, 1, miize byt vyjadfeno v Pascal X second, Pa X s = kg + (m X s)

p(air) = 1.8 x 10 °Pa x s
For comparison, 55 times more viscous:
p(water) = 1.0 x 10 ®Pa x s

Reynolds number (Re) = ¢ X v X d +
(¢, vand d as defined earlier in details of Rule 2; d + p has the dimension second + m? )

With ¢ in meter, and v in meter/second, Re ~ 68000 x ¢ X v
With c in feet, and v in feet/second, Re ~ 6410 X ¢ X v

Full size aeroplanes have Re in the million class, whereas indoor models may come as low as
10000 (microfilm). Tables or plots of lift and drag coefficients as a function of angle of attack
(AoA, or alpha) and different Reynolds numbers are valuable when comparing aerofoils, as well as
an indication of which dimensions and/or velocities better to be avoided for a specific wing
profile. Data to this effect are most often obtained from windtunnel tests, but also theoretical
tools are capable of calculating fair predictions, as long as we make sure to stay above Re
100000. One such tool by Martin Hepperle is given in a link at the end of this webpage. The book
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by Martin Simons, also listed below, devotes several chapters to the presentation and discussion
of aerofoil and windtunnel data.

In the notes to Rule 3 it was mentioned in passing that lift coefficients for the full size plane and
the model might not be quite the same value. Although it was a prerequisite for developing Rule 3,
and may well be close enough to the truth for large models like 1/4 or 1/6 scale, it's not likely to be
an equally safe assumption for smaller models, say 1/10 and less. The problem here is the almost
total absence of linearity between the lifting capacity of two aerofoils of equal proportions but
different size. One cannot safely assume, without windtunnel evidence or practical field
experiments, that a downscaled version of some specific wing profile will have any relationship
with the full size version in terms of efficiency; in fact an extensive amount of published data
strongly indicates that the smaller of the two will show a markedly inferior performance, and that
the trouble usually aggravates as we move towards the very low Reynolds regime. What happens
here is that inertial forces to some extent loose their grip in a struggle against viscous forces. Let
me give you a taste of what's to be expected, by a few examples, which, with the exception of EJ
85, are all drawn from Simons, more or less at random:

N60 AoA = 3° NACA 4412 AocA =3° Gottingen 801 AoA = 3°

Re cl Re cl Re cl
168000 0.94 3000000 0.75 170000 0.88
126000 0.93 250000 0.70 100000 0.88
105000 0.90 75000 0.70 75000 0.83 +
84000 0.87 60000 0.50 75000 0.65+
63000 0.50 45000 0.38 63000 0.55
42000 0.44 30000 0.31 42000 0.47
21000 0.42 20000 0.27 21000 0.40

Gottingen 417b AoA = 3° HK 8556 [T] AoA = 3° EJ 85 AoA = 3°

Re cl Re cl Re cl
189000 1.16 120000 0.71 83000 0.95
84000 0.86 60000 0.71 60000 0.95
63000 0.65 30000 0.71 40000 0.93
42000 0.59 20000 0.65 20000 0.70
21000 0.76
14000 0.90

A few notes

Gottingen 801: Suspicious behaviour around Re 75000 ( marked with +), as part of a so-called
hysteresis loop, with the effect that in a certain Re range, and specific AoA, the profile gives a
better performance in going from higher to lower speed than in going from lower to higher. This
unpleasant behaviour is shown by many profiles, including N60 and G6 417b (at higher AoA than
3°), whereas this is not the case with NACA 4412, HK 8556 [T] and EJ 85. See Simons for details
if you are interested. Gottingen 417b, curved plate: Surprises at Re 21000 and 14000, although
accompanied by large increases in profile drag (not shown). HK 8556 [T] Turbulator, and EJ 85:
These profiles seem to be extraordinarily forgiving at all velocities and/or dimensions. EJ 85 is a
Jedelsky profile.
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As seen in the previous few tables, it's evident that the highest lift coefficients coincide with the
highest Reynolds numbers, and also that above a certain Re the gain in lift capacity with a further
increase in Re is extremely limited, if any at all. In the low end of the Re scale, for most profiles the
lift coefficients are more widely scattered with changes in Re. Apart from that, any broad
generalisation is difficult to make because of exceptions and surprises, thus rendering predictions
a little hazy. For real flying devices, matters are slightly more complicated, as most often we need
to know the amount of power required for flight and/or the distance covered in a glide from a
certain height. Various drag components must be lumped together and compared with the lift
coefficients, in order to make a realistic estimate of the rate of descent and hence the usefulness
of some particular wing in connection with the rest of the aeroplane. All this, however, is so much
better described in textbooks like the ones by Simons and Stinton.

At present, it is believed that for very small models, the best job will be done by a thin, highly
cambered wing profile, even such seemingly simple ones as the broken plate variation of a
Jedelsky profile (see Don Ross). This again indicates that perfect scale appearence - for all but
pre 1920 aeroplanes - may have to be sacrificed to some extent. In Aeromodeller, sep / oct 1997,
vol 62, No 742 and 743, two articles “Foam at last!” by David Deadman, describe the construction
of lightweight and extraordinarily realistic peanut scale models. | have been informed that one of
the author’s planes, a Lavochkin La-7, scale approx 1/30 and weight 13 gram, flies at about 4.8
m/s, corresponding to 80 % of scale maximum speed. According to Rule 3 above, the “ideal”
weight should rather have been close to 4 gram, but the La-7 model features a curved plate wing
with a lift capacity large enough to compensate for the extra weight. Had the original wing profile
been retained for strict scale appearence, the resulting model speed would have been in the
vicinity of 9 m/s. Mr. Deadman’s La-7 perfectly illustrates the tradeoff between weight and lift
capacity that has to be accepted when rather small scale models are to fly at scale speed.

From the observations accumulated here, | should think that from about scale 1/8 and down,
weight will be the primary problem to solve, while from approx. 1/10 and downwards,
aerodynamic trouble will begin to mix heavily in and pile up at a dramatic rate as we move towards
smaller dimensions. Lower lift coefficients translate into larger velocities (by the lift equation) and
will have to be either compensated for by a more or less drastic change of wing profile (as far as it
goes), or counterbalanced by an even further weight reduction in a model which may already be
stripped to the limit.

Literature

Martin Simons: Model/ aircraft aerodynamics. (1994)
Darrol Stinton: The design of the aeroplane. (1983)
Don Ross: Rubber powered model airplanes (1988)

Links
Walter Scholl (E-Zone article): hitp#ezonemag-comfarticles/wiw/091997Aniwd997 htm |
Martin Hepperle: http:#beadect-eabs-eir-detAirfoils/ealefoikhtm 2

Bob Boucher. A different view of scale flight, taking scale maneuvers into account:

1. Redirects to RC Groups but doesn’t seem to have the article €
2. Site no longer exists €

3. Website exists but appears to only have store related pages. €
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https://charlesriverrc.org/articles/
https://charlesriverrc.org/dirman/
https://www.flickr.com/photos/charlesriverrc/
https://charlesriverrc.org/calendar/
https://charlesriverrc.org/contact/
https://www.facebook.com/Charles-River-Radio-Controllers-383891191806552/
https://www.flickr.com/photos/charlesriverrc/
http://gohugo.io/
https://bulma.io/
https://github.com/jatgam/hugo-theme-jatgam

