\/O_L/@"&MJ} 40 =

- >
 eiselonc o
?LL%OMM@/ é‘ n@cﬁé@«h(/

A Smnatld fl?-e_czdp :

\A/Q X Auncad 1 L cl-/é[@uu:“ TM
0& M Delowe. &Fu,o—(—.'ou_g Yo

('&uTJJJ oue &r'udﬂ{ &oo@u.:f
Que ‘&OVQ Nl ?OJS'L’(/TJ o

Lma&ac Doucr [ orecy o[TLL Bolowy

Q/\OMT\'O(A {




@OQT:'M'Té ! Qf)—f _ &
9D .
NSeps ﬂ:w" ¢ 09 9P, 9y

' (’/OT\'OQ J exadau Lol ¢

étlwﬁ'

[E CVQQQDN,% }f})u‘ QQ:{J%_—LO

Juen (Ve QL‘T“% ‘@Jx\oeaé ( “'JQI/Q“-QU“T Qz
Tl d:ﬁOuo. 5%
121 ’Akl'?"’ [ Cow VQJ"»FVO/('M 70w -

_f[’b\Q}}T"g, Jkg-(c,% wa‘eJJl‘LzeL Bu it wY i
Tl MP zg Q o«% ’PMT'W&Q,OME&

\/\"mc,ocm d—&u_aq TRuCy ‘«"ae'oﬁlﬂt



@ ?DOW::L&M{Y o(&d)o.q —{_(LO?_A& . @
AU T oran o~ o be coc domoet
PV he. o9t iaunY gzf [a FG_
PO 10T, oL ) 770073’ N Post e

Tk oudn H«ow up o

Z&oéb 1o 7(& X/—S Q‘]OL»OT\'OM quu«_
euoNlon view pora T

?(Q}L 4+ %Q\D):_Qj +/&9207'1

O g N 9 x
Lian a2 7 Vo V(50 n Tome
N | QAL éﬂ'?-ﬂet'n‘pgi‘:)

T(A d’b"—%m TM A»UUA.L quEfJ’ ('MTO
TU fu/w QT»G»M ol leanTil 7004
('uWw)c/ ()0 (e (n a&m&w:bu) %(77

dawps

T(AQ lA'fDC/OL—Q TM EV&LXM &QTMTQS['

—— e

AV \/(’BC_qu C:L‘Ou,\b, L"Uo



TVle Xawen 5ohe, epusTous doerle o

v alle Y of (2o :'O[ U Chan 1/ Toran, @rul
wo T Yoo Z’;j C,OLMT,M i Tl T Vs Cocey
Tmm,j& T(-ﬁ becosa Too e‘m‘g%(/ﬂux
3@«/07"0«/) dremhe @ con Ta g d o
I{; (e oYeteac (n olokle & Tlow. T in
3 Tl (},@m Oty %'T@ E}/F&JAATM&Q@“‘.
I(\ 10 OUQTW (o wnTolle (T w3 10
v Qe O{m A o ook Wﬁw O} e

?OQTW? L)@ TLIO(A__ _






(c)
Fig. 9.2. Reynolds’s drawings of the flow in his dye experiment.
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103. Repetition of Reynolds’ dye experiment. Osborne introduced at a bell-shaped entry extends undisturbed the

Reynolds' celebrated 1883 investigation of stability of flow
in a tube was documented by sketches rather than photog-
raphy. However the original apparatus has survived at the
University of Manchester. Using it a century later, N. H.
Johannesen and C. Lowe have taken this sequence of
photographs. In laminar flow a filament of colored water

whole length of the glass tube. Transition is seen in the sec-
ond of the photographs as the speed is increased; and the
Jast two photographs show fully turbulent flow. Modern
traffic in the streets of Manchester made the critical
Reynolds number lower than the value 13,000 found by
Reynolds.
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(b)

Fig. 21.14 Comparison of (i) laminar and (ii) turbulent velocity profiles in a
pipe for (a) the same mean velocity, and (b) the same pressure gradient. (The
diagrams correspond to a turbulent flow Reynolds number of about 4000; for
higher Re the contrast is more marked, cf. Fig. 2.11.)
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176. Large-scale structure in a turbulent mixing layer.
Nitrogen above flowing at 1000 cm/s mixes with a helium-
argon mixture below at the same density flowing at 380
cm/s under a pressure of 4 atmospheres. Spark shadow
photography shows simultaneous edge and plan views,
demonstrating the spanwise organization of the large

eddies. The streamwise streaks in the plan view (of which
half the span is shown) correspond to a system of second-
ary vortex pairs oriented in the streamwise direction.
Their spacing at the downstream side of the layer is larger
than near the beginning, Photograph by J. H. Konrad, Ph.D.
thesis, Calif. Inst. of Tech., 1976.

177. Coherent structure at higher Reynolds number.
This flow is as above but at twice the pressure. Doubling
the Reynolds number has produced more small-scale struc-

L ueveon

Smollon 01w (wnren

ture without significantly altering the large-scale structure.
M. R. Rebollo, Ph.D. thesis, Calif. Inst. of Tech., 1976; Broun
& Roshko 1974
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172, Wake of an inclined flat plate. The
wake behind a plate at 45° angle of attack is
turbulent at a Reynolds number of 4300.
Aluminum flakes suspended in water show
its characteristic sinuous form. Cantwell
1981. Reproduced, with permission, from the
Annual Review of Fluid Mechanics, Voltme
13. © 1981 by Annual Reviews Inc.

173. Wake of a grounded tankship. The tanker Argo number is approximately 107, the wake pattern is remark-
Merchant went aground on the Nantucket shoals in 1976. ably similar to that in the photograph at the top of the
Leaking crude oil shows that she happened to be inclined page. NASA photograph, courtesy of O. M. Griffin, Naval
at about 45° to the current. Although the Reynolds Research Laboratory.
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