EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Measurements of the turbulent energy dissipation rate

Citation for published version (APA):
Pearson, B. R., Krogstad, P., & Water, van de, W. (2002). Measurements of the turbulent energy dissipation
rate. Physics of Fluids, 14(3), 1288-1290. https://doi.org/10.1063/1.1445422

DOI:
10.1063/1.1445422

Document status and date:
Published: 01/01/2002

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023


https://doi.org/10.1063/1.1445422
https://doi.org/10.1063/1.1445422
https://research.tue.nl/en/publications/9970f5c1-8fa7-4ca8-a772-2e4d7b760151

PHYSICS OF FLUIDS VOLUME 14, NUMBER 3 MARCH 2002
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The one-dimensional surrogate for the dimensionless energy dissipati@) liatmeasured in shear
flows over a range of the Taylor microscale Reynolds nunier70<=R,<1217. We recommend
thatC, should be defined with respect to an energy length scale derived from the turbulent energy
spectrum. FoR, =300, a value ofC,~0.5 appears to be a good universal approximation for flow
regions free of strong mean shear. The present resultsCfosupport a key assumption of
turbulence—the mean turbulent energy dissipation rate is finite in the limit of zero viscosity.
© 2002 American Institute of Physic§DOI: 10.1063/1.1445422

The mechanism of the dissipation of turbulent energy isrrespective of the structure function scaling deviating
probably one of the most fundamental aspects of turbulencelightly from 2/3 due to small-scale intermittency correc-
In 1922, Richardsdnproposed his phenomenological for- tions, the magnitude of, is ~O(1).
ward cascade model, whereby the rate of turbulent energy The first experimental evidence for the satisfaction of a
dissipation is determined by the rate in which the large-scalgne-dimensional equivalent for relationl), in quasi-
eddies pass energy downward to the small-scale eddies. Womogeneous grid turbulence, was given by Batchelor.
key consequence of the forward energy cascade in strongaffmar remarked that the evidence was not quite convinc-

turbulence is that the nondimensional mean energy dissipgsg and the possibility of a dependence on viscosity could
tion rateC, is independent of viscosify” Thus,C. defined not be ruled out. Sreenivashprovided an update on the

as experimental grid turbulence evidence to support relation
C.=(e)L/(u2)¥? 1) (1), over the Taylor microscale Reynolds numiRy [R,
¢ ' =(u?>)¥\/y, where N is the Taylor microscale

(here,(e) is the mean energy dissipation rate per unit mass, =(U*"7((du/ax)?)"? xis the streamwise direction and
andu are characteristic large length and velocity scales, reis the streamwise velocity fluctuatiprange of 5@ R,
spectively should be independent of the Reynolds number<500. Roshkd noted that there were simpler ways of ac-
and be of order unit. The order of magnitude assumption quiring direct experimental evidence for the constancg pf
has been rigorously demonstrated by Lohdée derived, than relation(1), e.g., the “universal” spreading rate of
starting with a mean-field theoretical result for the Navier—axisymmetric jets, observed under many different types of
Stokes equations and ignoring the possibility of inertiallaboratory conditions and over considerable Reynolds
range intermittency effect§, as a function of the Reynolds number ranges was considered by him to be proof enough.
number. In Summal’y, Lohse showed the asymptotic form fOLater, Sreenivasgrshowed tha'cewo(l) was well Obeyed
C.tobe for a number of nonhomogeneous “canonical” turbu-
lent flows and for an ensembBfeof DNS of forced and de-
caying isotropic box turbulence.

While the order of magnitude &, is found to be unity,

C.=(a/C)%? 2

here, C is the Kolmogorov constant for the second-order, ) , :
structure functiorD(r)=C(€)2%23, anda is estimated at its precise value is thought to depend on the forcing scheme

; 10
r=L, asD(r=L)=a(u?). The latest direct numerical simu- " DNS a;‘_(iz on the macroscale for the case of
lations (DNS) results for forced isotropic box turbulerfce gxpenmenté: To date, the experimental evidence for the
suggesta~1.25 andC~2.05 giving C,~0.48. Note that, independence df. from R, can be considered scant and the

issue unresolvetf The aim of the present work is to test the

nstan f one-dimensional surr for relatibnin
dAuthor to whom correspondence should be addressed. Telephohe: constancy of one dimensiona S.u O.gates 0 elatiby
(0)115 95 13789 fax: +44 (0)115 95 13800; electronic mai: Shear flows over &, range which is considerably larger
bruce.pearson@nottingham.ac.uk than that in Refs. 4, 9—12. Such information will be a useful
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addition to the results already obtained in quasi-

homogeneous grid turbulericeand forced/decaying isotro- 251 \ ‘ T [
pic DNS of box turbulencé’ E v @ ]
The majority of data is acquired in a simple inexpensive 20 -
geometry, which we call aOorRMAN grid, that “stirs” vigor- I ]
ously on large scales. The geometry is composed of a perfc 1.5 :— oz . —
rated plate superimposed over a bi-plane grid of square rod ¢ - ve vy .
Further details of the geometry and the resulting flow will be 10bEv . ]
described elsewhere and only a brief description of the ex e * 9 ]
perimental se_tup is given here. In order t_o span a l&ge 055 gﬁ“ﬁgwwm > ]
range, two wind tunnels are used. The first grid, hereafte E XX XXX X X X o
N1, is located in a blow-down wind tunriélof test section - . .
dimensions 3% 35 cnt and 2 m length. The second grid, 0.0 —+—+— } 1 } 1 1“ J } ‘ } ]
hereaftemN2, is located in a recirculating wind tunnel with a C ]
test section of 2.%1.8 n? cross section and length 11 m. 2.0 (b)
For N1, the central three rows of the original bi-plane grid C ’: ]
(mesh sizeM =50 mm, original solidityo=33%) have al- 15 ¢ . ]
ternate meshes blockedfinal 0=46%). For N2 (M o C ¢ ]
=240 mm) the originabr=28% and the finab=42%. As 10 F o * B
well as theNoRMAN grid geometries, normal plate wake data s -
and centerline pipe measurements are re-evaluated here a C ° ]
details can be found in Refs. 11 and 12, respectively. Also 0.5 SR R RS X
measurements are made on the centerline of a wake forme C ]
behind a circular disk of 40 mm diameter in the same facility oob——L 1 v 1 v 1 1 . 13
as that forN1, the normal plate wake and the circular cylin- 0 200 400 60% 800 1000 1200

der wake. For the disk flow the measurement station is lo A
cated aix/d~45. For all flows, signals aii are acquired, for '
the most part, on the mean shear profile centerline.N&gr  FIG. 1. Normalized dissipation rate for a number of shear flows. Details as
data are also obtained slightly off the centerline at a transfound in this work and Refs. 14-16a) C{ [Eq. (3)]; (b) CZ [Eq. (4)]. T,
circular disk, 154 R, <188; V, pipe, 76sR,<178; ¢, normal plate, 79

verse distance of one mesh height. All data are acquired US£R <335; A, NorRMAN grid, 174<R, <516; X NoRrMAN grid (slight mean

ing the constant temperature anemomeiBiA) hot-wire  sheardU/dy~dU/dy],./2), 607<R,=<1217;5>, NORMAN grid (zero mean
technique with a single-wire probe made of 1,2m diam-  shea), 425<R,=<1120; ®, “active” grid Refs. 14, 15, 106 R, <731; 4,

eter Wollaston(Pt-10% Rh wire. The instantaneous bridge “active” grid, with L, estimated by Ref. 16. For Ref. 14 data, we estimate
voltage is buck-and-gained and the amplified signals ar&e™~0-1m and for Ref. 15 data we estimdtg=~0.225 m.

low-pass filteredf|, with the sampling frequencys always

at least twicef,, . The resulting signal is recorded with 12-

bit red30|_l:tt_301”3 iﬂtd forl t?eNlTﬂata fdlﬁid veloli:itti_es Eg_fff wise integral length scale, computed from the streamwise
saved wi -bit re ion. Thro ut this work, time dif- i i i i

fere?]ceSr and frequ:r?cl:e{;are conL\J/%rt(;d to :tre(z)imwiseedis- 3%0;0rtrr?éat:;%r:r;igg;%%g( Qut[ol_cuorlrsegfig:e?uiitig];(i)r e

tance & 7U) and one-dimensional longitudinal wave num- g ,ch that.,=U [ °p,,(7)d7 with time 7, chosen as the first

berk, (=27f/U), respectively, using Taylor's hypothesis. zero-crossingand a plausible surrogate for relati@h) is
The mean dissipation rate) is estimated assuming isotropy

of the velocity derivatives, i.e{e)= eix=15v((Iulx)?). CU=€golu /(U232 3)
We estimatg((du/dx)?) from ¢, (k,) [the one-dimensional

energy spectrum ofi such that(u?)=[g¢,(k,)dk, and er ;
oy 2 gy scale that follows directly from the spectrumy(k,).
{(aulax) >_f0k1¢”(k.1)dl.(1]' We have chosen not to cor- length scalé  is estimated from the wave numbley,
rect for the decrease in wire resolution that is associated with, \ i ' o peak in the compensated specttuea, (k) oc-
u

an Increase "R“ since all methods I_<nown_ to us rely on an curs, i.e.L,=1/k, . A second suitable surrogate for relation
assumed distribution for the three-dimensional energy spe?-l) is ’

trum. For most of the data, the worst wire resolutior=i2%
where is the dissipative length scaie 1%/ €,s) Y% ForN1, CP= €l p /(uD)32 (4)
the worst wire resolution is=47. Finally, we also consider
the moderately higiR, data obtained in “active” grid flows
(see Refs. 13—16 for further experimental dejails

The present investigation is limited to one-dimensional
measurements and suitable surrogates for relgtlonFor
the mean energy dissipation rai© we usee;s,. There are
two convenient possibilities fok, the characteristic length
scale of the large-scale motions. The first s, the stream- St=L/2mL,, 5)

The second possibility foc is L,, the predominant en-

Since the majority of flows investigated in the present
work are wake flows it is useful to recall that all wakes form
some semblance of a vortex street and the governing param-
eter of a vortex street is the Strouhal number St. For the
flows considered here, it is simple to show, noting thg}
=1/L,, that St can be defined as
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