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AEROMODELI N G T he op en ing a r t icl e in th is tech­
nica l acrom od eli ng series (S OAR ­
ING, Ja nua ry-Feh ruary, 1954) d e­
scribe d the vie wpoin t from wh ic h 
there will be wr itte n and sug gested a 
table of topics ha vi ng importance to 
aerom odelers a nd engi nee rs as well. 
\Vc prom ised to ex p la in th ose s ub­
jects sys te m a tica lly a nd gr aphically, 
p lac ing emp has is on the aspects not 
usu a lly foun d in s im ple aeron autica l 
textbooks. 

S in ce it is so m uch easier to lea rn 
th e effec ts after unders tanding the 
causes, th is second article will co n­
ce n t rat e on the fun d a men ta l so urce 
o f o ur aerody na m ic prob lems in m od ­
e lin u a nd sai lp lan ing - the bo unda ry 
la ver a nd i ts associ a ted teruri no log v. 

Fi rs t co nsid er the te rm s "Heynolds 
N um ber " a nd "Mach N u mlu-r ." Of 
co u rs e in th ese ea r lv (hns of .Ma ch­
bustin g aircraft ;. earfy eve ryo ne 
kn ows th at the rati o o f th e a ir plane 's 
veloc ity through the a i r ( v) to th e 
sp eed (a) o f a sou nd wa ve (f o r in­
sta nce fr om a ha nd cla p ) is ('ail ed the 
Mach Number. or "lvI" as us uall y a b­
breviated . T ha t is : M = v -s- a . . 

It is not ha rd to see that the M ach 
N um he r te lls us how fas t we are mov­
ing throu gh a ir m olec ule s rela tive to 
how fas t they receive a s ig nal to ge t 
out of ou r way. \Ve ter m that ran ge 
of airpl an e vel oci ties nea r the spee d 
of so und the "transon ic regime" ; be­
tween M = .7 a nd M = 1.0 m ost of 
th e non-classical aero d ynam ic effec ts 
occ ur. Hen ce, Mach N u m her is of te n 
a more impor ta n t m eas ure o f a n ai r ­
pl an e speed than miles per hour. 

The o ther q ua nt ity, Reynolds Num­
her, is eq ua l to the ratio of " iner tia" 
forces exer ted by th e flu id (s uc h as 
air , water, etc . j to the " v is cous" 
for ces exe r ted in th e sa llie p ro cess. 
In erti a forces a re illust ra ted b y th e 
resi st an ce of a paddl e " hen . it is 
jerked broadside th rou gh th e wa ter ; 
visco us fo rces corres pond to its res is­
tan ce wh en pu sh ed edge -on throu gh 
th e fluid. Hence the RevlJolds N UIII­

her (a bb re via ted RN ) is ' a large num­
her, rang ing fr om a fell' thousa nd for 
mod el a ircraft to seve ral m ill io n for 
full scale a irc ra ft. T he ine r tia forces 
are prop or tiona l to the flu id den sit y 
(1') , veloc ity (v ) squared a nd th~ 
length (I) , wh ile the vi scous fDrees 
are p ropor ti ona l to the \ iscosit y (I'.) 
a a d the velo citv (v ). so the formul a 
for Reyno lds I umhe- is: 
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HI = I' v" I = .!!..:!.. I 
/ 1. V ,,-,,. 

F or a ir unde r a verage co nd itio ns nca r 
sea level. a handv form of this in 
r-vcryda y un its i,,: ' 

RN = 10,000 v ( m ph ) ] (ft ) 
Y ou m a y fi nd it hel pf ul to th in k of the 
Re yn olds N u m ber as be ing propor­
tional to th e nu mbe r of fluid m o le­
cules pa ss ing ove r 01' throu gh th e 
c ha ru c t ris t ir: le ng lh in a sec o m ]. 

Thi s so -ca l le d "c h a r a c le r ist ic 
lenl!th" lila \ be dIP d ia mete r o f a 
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tube, ti ll' dis tance from the lead ing 
ed ge of a n a irf o il along i t su rface, 
the thickness o f th e " bo u nd a ry layer" 
of retarded lIuid near a su rface or 
eve n th e average d istance between 
co ll is ion' of the molecules ! l ust as 
th ere is a re gi on o f relative ve lo iity 
near .M = l.0 \I he re class i .a l aero­
dynamics becomes inadeq uate, so 
th ere is a regi on of re lati ve in er ti a-to­
visc o us fo rces near th e " Cr itic a l RN" 
o f a e ive n s i tua tion ( t ube, a irfo il, 
boundary la yer. et c ) where cl ass ica l 
aerodynamic theory has not been to o 
su ccessf ul in ex plai n ing th e obser ved 
fa cts. 

T he fact that m od el a irc ra ft and 
portion s of sailplanes ope ra te nea r 
the ir c ri t ica l HI" makes their des ig n 
exaspera tingly trick y ye t end lessly fa s­
ci na ting . These a r ticles on tech ni ca l 
aeromod ling sho uld hel p g i\'e you a 
physical " fee l" for " critical phenom­
ena ," a qual ity wh ich is much needed 
in the aircra ft in d us tr y these d a ys . 

Whut d o we mea n by a " cri tical" 
quant it y ? Ex amples arc all around us: 
th e fo rce at wh ich a paper s t ra w 

suddenly buckles as it is loaded end­
wise, th e speed at wh ich a sp in n ing 
to P s ta r ts to wo bb le, or th e d is ta nce 
at which th e s trea mi ng smoke f ro m a 
c iga re tte begins tu wig gle and d iffuse 
into tu r bulent edd ies. All a re cha r ­
act erized b y a sudd rn cha nge in over­
a ll a ppea rance wi th in a na r r ow band 
o f values o f th e mea su red cri t ical 
puramete r (force, speed, length, etc. ) 
The sca tter in th is crit ica l b a nd is 
due to extra neou s in fluences uch as 
th e non -uni for mi ty of the st ra w, th e 
rou g h ness of th e ta b le top, or the 
movem ent of the a ir. in th ese ex­
a mpl cs, T ry to o bserve th ese th ree 
c ri t icnl q ua n tities so met irn es ; you'll 
uet a valua ble un ders tan d ing of the 
meaning of th ese and o ther cr it ica l 
pa ra ui ut ers lik e Critical Mach N umber 
an d .rit ical Re) nold s Nu mber, 

The next important co nce pt on o u r 
list is th e boundary layer. D ue to its 
sti cki ness - tha L is. it s viscosity ­
"ollie fluid wi ll a lwavs adhere to' the 
s u r face of a n o bject 'm o ving through 
the flui d , a nd th e th in zo ne in which 
th e velocit y of fluid cha nges grad­
ua lly to th e o bject 's vel oc i ty is ca lled 
the "boundary la yer" ( a b brevia ted 
BL.) A most g rap h ic illust ra tion of 
the fluid m otion in a boun d a r y la yer 
is obtained by ru n n ing a s low strea m 
of wa ter aga inst a smoo th wh ite s ur ­
face on wh ich so me d rops o f ink ha ve 
j us t been sp la tt e red. One ca n see th e 
ink lay er nex t to th e " in k (sa y ) ba rel y 
m oving , while th e fluid far ther out 
rap id ly hecomes ca rri ed a long with 
the f ree s trea m. 

The thi ckness o f this zo ne depends 
o n th e r ati o o f th e flu id's iner tia 
forces to its visco us forces, henc e th e 
bo undary-la yer th ick ne ss depen ds 011 

II Reynolds N um ber param eter. The 
charac teris tic len gt h fo r BL Reynol ds 
N umber is usua lly th e d is ta nce f rom 
the lea d ing edge o f the o bjec t (x }, or 
the bo und ary la yer th ick ne ss itself 
I d J whic h is fo u nd ill turn I" depend 
011 the di s tance [r om the lead in g edge 
in most cases. \Ve haven ' t sa id h ow 
d is rela ted to x ye t, beca use this de­
pends on th e cond it ion of the bo und ­
ary layer. 

,-' 0 let us return for a m om en t to 
our smoking cigarette (wh ic h by now 
has probably burned a mark on th e 
ta hle edge) and wat h the character of 
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