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The New High-Reynolds Number Pipe Flow Facility at CICLoPE

Alessandro Talamelli, Alma Mater Studiorum, Universita di Bologna
Gabriele Bellani, Alma Mater Studiorum, Universita di Bologna

In this paper we present a new and unique wind tunnel for the study of wall-bounded turbulent flow at
high-Reynolds number. The facility is a 110.9 m long pipe embedded in a closed-loop circuit. The main
characteristic of this pipe-flow loop is its large size (D = 0.9 m, L = 110.9 m). This size is such that the
smallest turbulent eddies (£,) that are generated when the facility operates at high-speed (i.e. high-Reynolds
number), are larger than the spatial-resolution capabilities of standard hot-wire probes. Hence statistics of
the turbulent velocity field can be measured with unprecedented accuracy in a wide range of (high) Reynolds
numbers. The pipe has a modular structure, and it is made of twenty-two 5 m long carbon-fiber elements
plus one 1.5 m long element at the downstream end (main test section). The pipe elements are manufactured
with extreme accuracy to minimize flow disturbances and provide a hydrodynamically-smooth surface, even
at the high-Reynolds-number range of operation. The entire apparatus is installed in the laboratory of Center
for International Collaboration on Long Pipe Experiments “CICLoPE” in Predappio (Italy). The laboratory
is located in a tunnel 60 m underground, thus ensuring very low level of external perturbations. Great care

has been taken during the design phase to minimize all potential disturbances in order to ensure optimal
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measuring conditions along the whole pipe.
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Fig. 1 Range of Reynolds number and viscous length scale of
various pipe flow experiments. [1: Wygnanski & Cham-
pagne (1973)5), air, D = 0.033 m; A: van Doorne &
Westerweel (2007)®, water, D = 0.040 m; e: Univer-
sity of Melbourne (Jason Monty, no published data), air,
D = 0.0988 m; A: Zagaraola & Smits (1998)", com-
pressed air, D = 0.129 m; x: Nikuradse (1932)"”, wa-
ter, D = 0.10 m; o: University of Cottbus (under con-
struction), air, D = 0.19 m; +: Laufer (1954)8), air,
D = 0.123 m; W: CICLoPE experiment, air, D =
0.90 m. The highest Reynolds number for a Direct Nu-
merical Simulation reported so far for turbulent pipe flow
is the one by Satake et al. (2000)” at R*=1050. For
turbulent channel flow Hoyas & Jiménez (2006)'” has
reported a DNS at AT=2000. The solid vertical line
refers to the criterion of a well developed overlap region
(R > 14000, see section 2). Horizontal line gives the
limit for £, > 10 pm which is the minimum for sufficient
spatial resolution of hot-wire probes with [/ D >200 (the
dotted line at ¢, > 4 pm, indicates the limits set by the
nano-probes described '"'?). Hatched region in upper
right corner shows where the criteria for both spatial res-
olution and high enough Reynolds number are met. As
seen the CICLoPE experiment is designed to work in this

region.
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Fig. 2 a) Overview of the Long Pipe (LP) facility: 1) The carbon-fiber pipe 2) Rectangular expanding corners 3) Heat Exchanger 4)

Fan assembly 5) Round corners 6) Settling chamber / Convergent assembly. b) The LP installed in the tunnel.
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Table 1 Summary of Pipe characteristics.

Diameter (D) 900 + 0.1 mm
Total length (L) 110.9 m
Surface roughness (k,s) < 0.2 pm
Alignement precision + 0.5 mm
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Fig. 3

a) The filament winding technology of production (cour-
tesy of FWT GmbH). b) The carbon-fiber Pipe installed
in the Ex-Officine Caproni. c) Close-up of one of the
twenty-four supporting elements. d) The 1.5 m long test-

section.

F—#0& KTH O5E (BL) JiilH THE 5 NIz 35
A= B ZHVTHEIENTED, fFa—F—foss
T A—RI Table 2 DEH THB. £z, ka—F—
HBOIEMS, 2DDAA VT 4 T a—P—BIcHBNTH
EROFRNNVEC TS, 170 7a—P—F 22X
JCT 4 72— —"TH 1 Wim & H#EBo FicfiE LT
BY, EXWE3m TR 139 THS. Xic, ShiE
T4 7 a—P =3 1 &5 2 a—F —EHORICNE
LTHED, EXIE3.44 m THKLEIZ 1.54 12725, K
/BRI B0, TOT ¢ 72— E
BERDO6 DDy a v icnElEnTns. iz, &
WRT 1 7 2 —P—iBIdEEHAR O LI T E Bldiiinze
B EEZDICHNSNTWVS (Fig. 4b) .

33 BxcifsgR

BN S R O—F — D MRICHE L TED,
ROEIRE £0.1°C THRNDIREZHIHE T E 2 X 513G
INTV5B. BB TOFNIRRERIMET 5728
IZ, TEBRITEZET B 0ENH D, TOTDE
SARERE R O FRERIC B Al e 7R HiPA T RSIEIC U
TV, ZOWmEEE 6.2 m?2(2.3m x 2.7m) TH 5.
F1z, KERDET 4 72—V & fEmabz VTR
DIREICHEREN TS, i 38 m3/s ICBVT, #
ZARBROITHIRE NIRRT 7 > DI KB % I
95 340 kW T, H/HHKIETZ-72230 Pa TH O,
KR D &M CEAHER N DO DOIRE 2 15°C I
FdaC M TcE%. £z, Bl PID filfEZE &k
gE7a—7% L IMEEOEREHIE S 2T LS k> T
B ZHIET R ENTEZLIICESTVS. B
HudR FIROR O FEE ORGSR b B ICE T N



264

The New High-Reynolds Number Pipe Flow Facility at CICLoPE

Table 2 Corner characteristics. Pressure drop is computed at the maximum operative speed of 60 m/s. The shape and configuration

of the guiding vanes is adapted from the ones used in the BL-wind tunnel in Stockholm.?*

Corner n. 1 2
Inlet dimensions [mm] 790 x 1100 860 x 1700
Expansion ratio [-] 1.08 1.16
Pressure drop [Pa] 65 23

3 4 5 6
1000x 1700 1342x 1700 & =1800 <& =1800
1.34 1.26 1 1
18 10 8 8

Fig.4 Elements of the return circuit. a) Shape converter. b)

Expanding corner, fast diffuser and heat exchanger. c)

Cylindrical elements d) Vertical diffuser.
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Fig. 5 Cumulated static pressure losses as percentage of the total

pressure head.

IIE, EYRER, S—IVT a0 B X UEZ TS C
& CEMBRZ HBREEDLNVETRT 5L 51C
MOOERENMADb Nz, TS OEMHIEHIBEIR DI}
B2 LNIVCIRAES BT OICEHETH %,

35 ERE

ORI ELIR RS E 35 K O DR S N, i
NoOE—LLERMEOK FZH E LT, SLiifEE
BEIENBHEWRENZHLBIXOSKHOAZ) =5
ToTW\W5. iz, HartioM i 41 T, THhidEk
BT OHIREE 2 1z L TORKETH 2. BIRIG A
kw7 HR)VIICH B KTH O MTL &I 29 Ot D%5E
i L7z,

4 FEHiEX

Fig. 5 ICiat E TR U 7[R HEK D%, [HIESIC
o TRY. AdBRMENOFEEREE 60 m/s T, #HE
WFRIEALDEETELTVS. £z, HIRE (power
factor) AH/q & FEFHEDMERZ Fig. 6 ICRd. T C
T AH @3 EHE/HEK, ¢ 3EABRME TOVEimdic k&
DWIEIETHS. M2l Thhd X5, £HEED



Alessandro Talamelli - Gabriele Bellani 265

Power factor [-]

18 L L L L L

10 20 30 50 60 70

40
Velocity [m/s]

Fig. 6 Power factor as a function of the bulk velocity in the pipe.
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