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Figure 3.1: Sketch of the valueU (n) of the randomvelocity variableU
on the nth repetition of a turbulent °ow experiment.
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Figure 3.2: Time historiesfrom the Lorenzequations(Eq. (3.1)): (a)
x(t) from the initial conditionEq. (3.2) (b) x̂(t) from the slightly
di®erent initial conditionEq. (3.3) (c) the di®erencêx(t) − x(t).
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Figure 3.3: Sketch of the samplespaceofU showingthe regionsto the
events (a) B ≡ {U < Vb}, and(b) C ≡ {Va ≤ U < Vb}.
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Figure 3.4: Sketch of (a) the CDF of the randomvariableU showing
the probability of the event C ≡ {Va ≤ U < Vb}, and (b) the
correspondingPDF. The shadedareain (b) is the probability of
C.
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Figure 3.5: TheCDF(a) andthePDF(b) ofauniformrandomvariable
(Eq. (3.39)).
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Figure 3.6: TheCDF (a) andPDF (b) of anexponentially-distributed
randomvariable(Eq. (3.40)).
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Figure 3.7: The CDF (a) and PDF (b) of a standardizedGaussian
randomvariable.
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Figure 3.8: The CDF (a) andPDF (b) of the lognormalrandomvari-
ableY with 〈Y 〉 = 1 andvar(Y ) = 1

20, 1
2 and5.
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Figure 3.9: The CDF (a) and PDF (b) for the gammadistribution
with meanµ = 1 andvarianceσ2 = 1

20, 1
2 and5.
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Figure 3.10: The CDF (a) and the PDF (b) of the discreterandom
variableU , Eq. (3.69).
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Figure 3.11: The CDF (a) and PDF (b) for the Cauchy distribution
(Eqs.(3.79)and(3.80))with c = 0, w = 1.
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Figure 3.12: Sketch of the standardizedPDF in Exercise3.13.
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Figure 3.13: Scatterplot in the V1-V2 samplespaceof 100samplesof
the joint randomvariables(U1, U2). (In this exampleU1 andU2

arejointly normalwith 〈U1〉 = 2, 〈U2〉 = 1, 〈u2
1〉 = 1, 〈u2

2〉 = 5
16,

ρ12 = 1/
√

5.)
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Figure 3.14: TheV1-V2 samplespaceshowingthe regioncorresponding
to the event {U1 < V 1, U2 < V 2}.
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Figure 3.15: TheV1-V2 samplespaceshowingthe regioncorresponding
to the event {V1a ≤ U1 < V1b, V2a ≤ U2 < V2b}, seeEq. (3.87).
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Figure 3.16: Scatterplot of negatively correlatedrandomvariables.
(〈U1〉 = 1, 〈U2〉 = −1, 〈u2

1〉 = 2, 〈u2
2〉 = 12, ρ12 = −

√

2/3).
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Figure 3.17: Joint PDF of the distribution shown in Fig. 3.16,plotted
againstV2 for V1 = V1a = 1 andV1 = V1b = 5.
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Figure 3.18: Scatterplot andconstant probability density linesin the
V1 − V2 planefor joint-normal randomvariables(U1, U2) with
〈U1〉 = 2, 〈U2〉 = 1, 〈u2

1〉 = 1, 〈u2
2〉 = 5

16, ρ12 = 1/
√

5.
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Figure 3.19: Sketch of samplepathsofU (t) from threerepetitionsof a
turbulent °ow experiment.

19



CHAPTER 3: THE RANDOM NATURE OF TURBULENCE

Turbulen t Flo ws
StephenB. Pope

CambridgeUniversity Press, 2000

c° StephenB. Pope 2000

0 1 2 3 4 5 6 7 8 9 10

±2

0

2

t

(d)

0 1 2 3 4 5 6 7 8 9 10

±2

0

2

t

(c)

0 1 2 3 4 5 6 7 8 9 10

±2

0

2

t

(b)

0 1 2 3 4 5 6 7 8 9 10

±2

0

2
(a)

t

0 1 2 3 4 5 6 7 8 9 10

±2

0

2

t

(e)

Figure 3.20: Samplepathsof ¯ve statisticallystationaryrandompro-
cesses.Theone-timePDF of each is a standardizedGaussian.(a)
A measuredturbulent velocity. (b) A measuredturbulent veloc-
ity of a higherfrequencythan that of (a). (c) A Gaussianprocess
with thesamespectrumasthat of (a). (d) An Ornstein-Uhlenbeck
process(seeChapter12)with the sameintegraltimescaleasthat
of (a). (e) A jump processwith the samespectrumasthat of (d).
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Figure 3.21: Mean〈U (t)〉 (solidline)andvariance〈u(t)2〉 of theprocess
shown in Fig. 3.19.
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Figure 3.22: Autocorrelation functions of the processesshown on
Fig. 3.20. As the inset shows, for processes(a) and (c) the au-
tocorrelationfunctionis smooth at the origin.
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Figure 3.23: Spectraof processesshown on Fig. 3.20.
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Figure 3.24: Samplepathsof ÄU (t) for processes(a) and (c) shown on
Fig. 3.20.
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Figure 3.25: Sketch of a turbulent channel°ow apparatus.
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Figure 3.26: Velocity pro¯les measuredby Durst et al. (1974)in the
steadylaminar °ow downstreamof a symmetricexpansionin a
rectangularduct. Thegeometryandboundaryconditionsaresym-
metric about the planey = 0. Symbols: ©, stablestate 1; 4
stablestate2; •, re°ectionof pro¯le 1 about the y axis.
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