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- Traverse System Dantec - auxiliary instrument for accurate spatial mapping of measured

position in the wind flow.

- Pressure Scanner Scanivalve Z%#57E 2 1= B JJI7HE - mean value based pressure
transducer is used for the direct pressure measurement on structural surfaces. 5] F i~ 451847175

T EVER Y B - [FIRF T PR ZE NS

- Pressure transducers — direct surface pressure measurement using fast sampling

transducers. |5 37 7= [ R ER &= MY JBR i 2%

- Environmental measurement — thermo cameras &% 3%, vane anemometer £ 5 = JE 28
=t, thermo-anemometer 2145 = JE =T, temperature probes J& E#E4t, thermo-hygrometer 5

55T, atmospheric pressure sensor K@ R 75T

- Five-Hole Probe Aeroprobe 7L =(fiZ=#%51— used to obtain the scalar and vector
properties of complicated flow fields in terms of three-dimensional velocity component. F i~
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- Flow Visualization 515 5] 171 — fog generator, helium (He) bubble generator system.
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- Manometer LU 200 ( LU200 J8& 71 )— vertical liquid column manometer for measuring
variations of pressure, depression or differential pressure of air. & B EIFER JET » S HIE
22 SRBES] - (R BESREEREAE
- Pitot Tubes( f7£% ) — a pressure measurement instrument used to measure air flow velocity.
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« Thermal mannequin 24 & A fafEAY — a model of human body simulating its response

to the surrounding thermal environment. A #5157 B AR EEE S i 2T 2R IR [ JFE

« Laser anemometry — a system for analyzing the air flow in the room based on the captu
ring of the movement of particles carried by the air. —({EEFAfEE2E & b Eh )
A 2SRRI AT E N ZE RORBIY 247

« Analyzers of air quality — a set of devices for measuring the concentration of common
gaseous noxious agents and dust and for taking samples —EHINIIEH FREEZE
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KIS R AL B E B K IR A R IR EN: - A E SR VU E A [FIHY
T3 SZRHRR > RIS AR © 55— 0 S BRI S =[S0 e A ey — oA HIRL
Bgs o BREEHARHYRI(E 57 ScFonZE Rpm HL B T P B UL Al S R (3G » i —
A7 R Je s B A -

FEN & == o (e F A 2 255 B 0 P 7 2 R TR A SRR oo A DR A L D Y SR s B = -
HEEIEHN S EE R EE RS EHEES  RAEMNZERAEEEES o #IB/E Ahlborn
Almemo EiE sl Fkas HULEE -

(EEFFEE S AR B A BT > ST RS B 600 x 700 mm > 555 5 1650 mm = 7KF
HGAE Ry 690 TT » SNRIEEIREY - AT ZE SR ALK - sy SR sk
FEHRLAE/KRE - DUINENA mIZKFE A IHYZK > SEAREERRS AE BRI A IR - 5% A1
BB B - iR AT AR R FE AR (AR SR E g - R fi/KOm AT AE
F[70°C- ALUMELYF 1 2 18 1/ min o m] DU (& B0y e FAE T Al sE =
B CHZ RS = [ E 7 - R B BME e Pt100 R Eat- F 7 HIE HEY -
5 AN BT IR RR RS BUE - 2k B O AR A KEBE I B RS AV EDR - N7 EREE R
“ERNE S EBE AR o HICUREHES 1 2 10 1/ min - (EFEER 10 {EEVEHRES -
ZEESAE 150 mm HYREREER o HEL S B R T RV E BUREY o FrA SR HEC R
Ahlborn Almemo 5690 #HHY -

BURZ AT 16 KW HYEEHIIE - s s 2O ices - ez Eavrfcesie it
HAPNTTKZS - (ER2 AR /KEKEGE > mIgft 11 kW Y28 o 32 F0RIE
ZSkasERE R X o ies - IE LA micesie M AT KA - AAENEE
REIE RSN L -

AP A ORI = Y 22 SR B E I PR SRR A TR R 2= SR B BT - et & R
900 m® / h o % B TTARIE S MV I R R SRR AR AT ZE RO & » 28 FRURFEMEAH T 5 A R
B ihes - 2R tlas NI ZE RNEAES -

2 BT IC 250 B W (1 S Ay £ oy B e A (& S i B AR 5 o ficds - FTAE
R A B PR BT A E B - BV ANE - RIPTRI I BC S SRR A
JERIFR A frate -
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g - 28 AFKE (Politecnico) T AR GVPM FUREERE

(—)GVPM EUREER =47

GVPM 2 — (BRI E FAER EVE - B E T RIEEER BRI - 55— HEE
AL A EE AR g 8 M ZR AR © 55 —EDRIG BB AR - AL AR B HY_E AR & AT
TARTREAEICORRIE FUZAEER) - HVERRFME - GVPM R Bt R nl REdEly 22
AR BB - ORI S e 2 14 {8/ NEEAHRG SR/ NERE R EAR 1.8 AR EE
Fi Ko 100KW T » g83Em]E 1.4 MW 8988 - FrA R NEWEIRCERREE - THFE 7
&l 2x2m AT EETT - B R R T Y S S SR - (S EL AT AR R R b - DUEEE]
R E B A TR oK RS

34 GVPM [#J[ 3D 1788 B
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35 GVPM & 14 & [E %

FERBREI1R T W A e s S W R BE /- S5 o] DAE B MRt Bl - BAER
5 NS A PR S AR BRREE UG — SR RS EETR A
KRBT -

TSR ARIE SRR - MM AR ESRA S 2 ERER - FRSEE T
JEMEES: » 21 a &l —(E 2 A RENE - P8R — (A 3 (A R/ NY
RO - DU D Eh AR R - SRRV AR o BT HIEESR T s R
I R A TE] > W (S e Y AR s PR — (T A L 3.46:1 By SRS KA IHRE - Z 1R F5
Dl Y bl B G m 2R - B B R R -

Ry 1R ECEE O B R AR AR T b Bl B BE—{ 1:9 Ay FI Rl 4E
RASEEY > AR ELE 2 TS U Sl ekt t > AU H i il (F I 2 &b & 1R 2= B B
JHZ R o PR T R R SR e E NEURE R BT et R E Y -
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FR AT GRS SR 2 B (- RIS G R Bl L BN » AR F G R Rl RAE S
H R R bR T 2 UM - (EAEDUEEE T T H A - RESERE
bR TR LRI E Ry N AR » TREGH B AR - Ry H AT PE R RIS
a2 NG - M — a2 - BREERIEAAZ R SR - e LA
SR EDTEN: - AMEPURDT HEE A E BURRY R EN iR e MR - s LR AR
e IR ENR ZIRA R 2 RE TR o fE5mE N AR EFILL 1836 4
FLEFAY Brighton Chain Pier Bridge £ 1940 425[E]HY Tacoma Narrows Bridge fyf HiAY »
HIF A &2 R A iGis E R B R 3 48 73 2 x> A HIfE R ES 2 RHE )
(aeroelastic)XFEFTEL -

EEAL RS ESH BT - S EZ L KB AREE - (NIt - RESERERAYZE
KU HERERHY - BN EEH 2 S MERIE A LEF NS R - TAZA AR RS TE
sl ARREASTEREGT T VAR RS U HIBRAR - R e iR AR S
G R A TRE B RS -

R FUER R A A 2 SRR R SR - AR %t BB AR R BB AR 2
B RS R R R SR T P S - S MR E R 2 SR U
(aerodynamic effect)JR =% & 2 BB - E &SR 2 MU (EH M E L IRE - FRE G HIE
i (interaction) B £ g5 54 £5 5755 /7 (aeroelastic) S » RobfEfris LR AMGRAV L2 -
H At RS R U R R B B (B S T A i 2 -

AR SR Z S AE S R I R SR L2 B TN 2 — < H 1940 £ Tacoma Narrows
bridge W% 2 1% - f&2R TARRTA T RISRE TE R e teGt EEAMHERZZE
IRIIEE BRAG LA B HY SR (E R ARYERES BT 5T - DU T G s mEh Sy - 281 > Bl
BRIME Z &2 2 JBE R AT [ 38 5REh T BT SR BUEEAL A AH IR - SR R R SR RE
ZREIREME - AT RIERNER 2R

RIESEERATZAVE ] BASEUBERRTE - H2 800 1F AU B SRR
[ (buffeting) ~ JE7i (vortex shedding)5 |27 HikE) ~ R~ T2 E IR Z (torsion instability) ~ JE|
Bt (galloping) BB (flutter) Sy - 2257 ALAT% -
1. PHREE

FHRUEE T2 (approaching  flow) o 20t 2 217 R B AR 18 i IR E 2 LK

B (BfSEmRe A R RENH IR - IR Bl A e HA S 2T R U AT R
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& > RILTEEBIER E 22 MR & 2EfE 2 2 (quasi-steady  theory) ZA 1% P51 FHFE 1%
JRENFH A (random vibration theory) ik i 77 EHZG E > 4347 -

FHIRE FEA S AR 2 Z0RURF AT - 2 BIRG R BT I 28 (TR G A ARG
& = - BRPHRSE R T A 2O SRS RBIBER  [BAERETREE T > 515
RETEA AR E > &5 REHEFRATT AREAE - TR sEERIER T EE et
FHEE A 9555 (fatigue) 2 X -
2. R BZIRE

o | B 2 ik Eh 5 AR Y TR DR R RS SRR 2 B TR AT S A e O BEL s 1T 728 42 o Bl
(separation) » ZHECEERERGHY_E T HIE A AR E: H B AT 2 87 (vortex) » R B MAKSE:
TR B A AL (phase) 2 #= 5% » #6K 1 451EAG B N RIEEERAE  EiEEieEL
AREHIRE) © & E IR ELE RS R IG T — IR R SR AR AT > & g pl ik
(resonance)HERER » (1T MPRR G AT T Ae 2 B AR F > EEIEERE 0 2 AR BRI
BlsE e IR IE ] Z s g Ik -

RUE S [ BIRENFT AL Z T E Y] - TCHAERE SRR EE R T = B Ay Eh iy
HEZA® - MERHVRERAEEEEAR - SR A NVER - B IEEIE
sy > FIEdfE 2 (attack angle) A2 DIHRE % - JEEUFRER(NS) Z FoRaal T

_SiY,

N
* D

(2-1)

o Yo pompigmis D pssiiE 2 MR E TR ;SR SRR (Strouhal
number) » —fBEE RGBT TR R EITSe -
3. R EER S

FHIA RSN FUE IS 2 HES) > BRI R DI Y
MRS IR E N R s A MRS - HESECR R B hEES) -
A BRI (A SRS [ B G SR 22— By A A e 2 FRE 0 R A%
el SRR 2 BB TREE 2 S0 > T SRS IR - EEAAIE - &
PR EEE R — R - ASRE PR 2 A E I B H AT Re i iV RE iy - AIER A TR
TR A A ARE K SRS N - FHiE SR B DU ST e R i pE R 2 T MR BUR
NI ARG R s TR Y - DA A o EE AR IR A 352
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4. JEVSISUE

— RS T A 2 RS SO 2 2 - I S VB MY AR T 25 B G sl 45 (cable) »
%%(haﬂger)%m*ﬁ#% JeEUBH 80 T2 Y 4358 = L [ O e Bl R 8 BB SRR S HY B ok

B R DA S A R AT i A A BT - M B E AT BEEERSND
AV b4 (SR ENIIHIE - B SCRERETE B RAVIREIRE - (EEXUa RS - 1L
RIS A AR SRR R e SR -

JeR\ B30 e A 3 AR A 2% R Y A 4R BB TR Ry R BT B R4S R » R A 7F
G ERVEBRETVEKR (ivulet) 845K - SR EARERTEIRY U T E S Rt
FEAR o BUERS [ BUREAIRIIY R FIRE - REBSE E L ARIETE R R AT EER
JRU AT R TR 10 R DAL - BoiEsE s gk - 0 Rl R G A m N AR |
R RBRER DA ARV EE AR 5 BONEEIHE 248 - DR MR IHRE) -

5. BRIRRUE

BH R & — i SR 5H 7 B 22 (aero-elastic phenomenon) » ZE[R A i S B 45 REHE ST 1Y &)
(interaction){T & - Bl & &EfEAG ISR S50 2 T I TRASIVIT R B L - o038 T ARG R
TR I B G I ESS s Ae Y T & - I ) ESEREAGHITRiR A A 2L - IBR S (LBLs
TERG RS ~ AR - oAl AR 5 REN TS ELRE) IMHE Z S » BRIk
EAifT%ZZ'EEJZ'{:(M FHHEBRBI e 2 #2&) BZEZED o FRAHIE YR 1 IRE)

ETE TR (airfoil )WY ERYR » MAEAG R4S RSN BRIRER S8 — Tl H i &G AR B i i e -
KAETE RS TR R &R — EERHRIE TR A - (1S4 BEENY B BhiRE)
(self-excited oscillation) - jfrj Jbt R[] By % 451 A BRPRER SR (critical flutter speed) o
B reE 2 BURG  f&88 Z P LG E A N R E AV EENE R4S A2 5] T —wIiGES) -
i At & Y Bl 2 Rk (decay) st /2 SRk (diverge) - WA RAREE G B FTS (4% L0 2k 2 B
A B/ NP BGH HH LA RS 2 4 IR R JE P RE VBB RE & -

— B R AERE R IRAUE O] 43 R WA SRS » sy aftinis -
(1) B HHEEEYR(single-degree-of-freedom flutter)

TS BT IR Fo I E TR AR T 045 AR 28 A2 i R 73 Bl (separated flow) » #E[ 284
HHE R A B TR S - RS E E IEM R e R S s i T H e 38 8L
FEr > A DA 2 FylE e BE S ER ik (damping-driven flutter) o
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(2) o7 HLEER (classical flutter)

BBV BG L TR SR HISS TR UG AR S8 A o0 e - 11T (SR 45 R G IR 2 [ B 1
BRG [SRHA TR EIREY - JRREE B B R (E 7 R AV S Rk (coupled flutter) - ZS R
TEER S LR IR SRR DB SR8 1 A i (8 H ERFE R - (15 Ry A [FARERAY 5 H
FERMRE A SRR b - Hilem T HE R Bl eR B R 2 BEREE DL R ) Bl o =) AT
fr =&V GEM e ERESEEES » #0h MBIk o i 2 &9 1S 5 ) 8 ix

(stiffness-driven flutter) -

PRI AR AT R 2 R B S e S VR A AE SR T Y 2% (T TR TR R 5
HigR Z BRE S fE s e ih il B an M 2 R SUiE  i K s TRV N BRIRSS
Z S -

40 KEFIEFRIFHEELE 14 AR
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CONTROLLO [ mos ]
urenza ecerrica m IIESOEIIS NN
START MPIANTO

MESSA A REGIME

TEMPERATURA
SETPOINT

FEEDBACK

PERCENTUALE APERTURA VALVOLA

>. 5

TEMPERATURA ACQUA SCAMBIATORE

ANOMALIE Alssan
AT psaz)
AT 703
AT o809

009 - Speed Bargraph T CaTRafreddament 017~ Formule
002 = OVERVIEW

_

45 GVPM JE IR B ST =

46 1 Dainl ZIHENEE
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A - FEhfhEfain KR e RER T ERE 2.0 (CRIACIV)

(—) CRIACIV BEEB=E/ 48

(hER T RS 2 R AR R E D250 (CRIACIV) 514 30 Abfi7E B A (F
1%~ BT ~ W92 TAZEN ST e BB ) RO B b gl TR ~ 14~ REBAEE - H
EHEREGAH BANE > G oS BERES > AEE  BIEENSRTIHES 1
o BHBEHHIGFEE A FhER (i RSP LR BIERET T2 20 - (hak it RER S 2
JE TRRE DT LB EEE - ARER TRENRE R ERE - ZER=
P fheidmiT RE: Prato &N - HRFAFMERREIREUREI TR 1 (AER= - 18t
R (SRESR  KEERR  dIRGHE) DIPTSR E (5
FERSR P HIHRRY ) 2 Jd s B AH R R SR s

TEELBIRERY F (o FREE R e S — iR S E A N2 B o DR AT 8 S R
(BLWT) driEfTHIE - FEa% 8 A h DAAS E IR AR R RIRT - BLWT 72 AIEH]
SRR RS BT ZE YA E] - 33 (15 e L UG A S s T 25 v] DUTE R P Bk
FAERVIHEE (ARG B TR BN ) - EALFSHIEERY CRIACIV /Y BLWT o
{4 160 KW HyTha] LU SIS 30 m /s AYEGE » ] DUS eI s El R H AyAEiE S
B8 A S 528 B By A e AR A A 2 e

A. Contraction
B. Boundary Layer development zone (fetch)
C. Boudary Layer test section (2.42 x 1.60m)
D. D.Aeroelastic test section (2.40 x 1.60 m)
E. Propelling system(160 kW)

F. End diffursers

47 CRIACIV [EHETE
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49 Andrea Giachetti {25 1) st EGfE ]
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50 CRIACIV JEU[E4E /Mg

51 Andrea Giachetti {825 f5 HI ZE {4k
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MR AT 2 SR AR B 2 BRI Z L IR ~ B  MORTEY o (i S VR E IR &
(5P VR s = RE I 5% O — B o M - A b R J B8 (2 LI 2-1) 5 #A
S0 bt T EEREE ) EREZ RS R - s BT S AEE R 2 B TR
SRAESRE | - E1E 5 THER 2 R H A8 2 Ry if FE JEU i (gradient wind)

— MR\ A Z W FH T I EREAR R S AR AR RAY B SR T iR EEE AR S
FERTASRIE S IR 2 Y - AESREEY IR T AR EBEEENRIEA - HItE
2 SRHNE SRR PR - B UAET AR FUE 2 ST amfE R TP g2 2 K
RIBTE -

RREBFEZEE > AP MEENEL T - RS2 « #R R K ATE
ZEEE  BEEAEREANZHAERR - AU eEFAEERE - REEZ —IHIT(ER
EEERNE e SN RIS S IHEZ Y - A EREAE R R M R
M

LA R

— e I AR 5 SR R B T E 1 > — R EEE (power law) » 55— Rl Ry ¥ 8

(logarithmic law) -
(1) 7E%EEH(power law)

B R TKETT [EEEi Z o _ BRSSP EEREE > DEEEERR

(1.1)

Hoeb > U Bt TR  Z B R USRI 0 B RA RS
R ;o S o AERT TRRIERT R Bk - O—(Ha BiE (2 S TR R
RBIES - QBFIBIERD £ RIS 2 -

(2) £ (logarithmic law)

RCEEITHR IS - BB ERA R B ERGS - BRI At A IR B - TR (2hE
Z Ry eI @) BT ET u Bl R 2 B {ET O Mk Ryiier » H He e 2 JEl 2R oy
& Vi) - SHEEREsE A 2 YR SRR 2R 0 BIILEEAR
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Hep ZI B ZAREE - ux BEJEZE=(T 0 /p )0.5: f HRHRIZE o

Z, = b— (1.2)

RIS b AR E(EATE 0015 5 0.03 2 o MLt T -
e L PR T T AT

Horfk(=0.4~0.41) B BRP9E 4 (Von Karman constant); Z0 At 32l £ & (roughness
length) « AFC(L.3) B R ATt 2 B8 - EI5EMGERIEN - fEmEEN T - S
HEHEE AT ER A AR ZSE - ARENEREEI T > Bl Em 2 KRB g3 28
FEER(EAIE 52 AR - SEEREHHEAFEESANFEES » & 2 & 3 HREESEY)
M B\ & 55 i B AR5t P E e 1Y 00 S EAH R S B 2 8 BT (AT i il BT gt

U@)=(U/K) - us - In(Z/Zo) (1.3)

IR E TE R S BUES -

600

500

400+

300+

200

100

Urban Suburban

52 N[EHN PR R S B bR R E
D RS R R EE R R AR

HE A

Rk HuLE - 20F S0% 2 BEEEIE AT 20 AR
FeEEEYARE Z BT R 800 AREGEEYEE 10 &Y
HulE (EHOE) BEILRERT T > A A fEA T A -

i B

RIEHTTHAD ~ NHSHEAF ZBREEE (10~20 AR
SR R Ryt Z [BsE ) o3 A EL T Z M -

EEYAE 2 Fii D 500 A REGESEYISE 10 &
HyEEE (REHURE) FEBEERCE ~ - Tl e B -

Hhe C

-1 FARE T e R B B R - SRR
[EBE = /Y 10 AR -
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3 R

R TR\ s AR A B AR e < DU R 2 B

R o Zy(m) b C | € Zmin(m)
A 0.32 500 0.45 0.45 55 0.50 18.0
B 0.25 400 0.62 0.30 98 0.33 9.0
C 0.15 300 0.94 0.20 152 0.20 4.5
2 Z R

FHR R AT MR TR » KHETEVEZ 97 18 (oot mean square)
BRI » LAETSEE 2 B AS B TUB PR 2 2 BSRE » 2
BT -

— 0.5

2
T.1.(%) = x100% (1.4)

Hepo TL(%) Ry 1 5 1R Z 2RI © ui By i 5 (R B2 R B R
> [T &fe R Eh R\ 2 2 #5 5 MR B EA R e BT e T JRl 28 T 31 (%

s Ui B i 5 2 S A

u’ = peu’ (1.5)

Horr B {E 0 BUE B s B R — I AR LT HUE 0.6 - FEIRE FHRERVHL T -

RREBFGHIRFRMEERR T AT Iay = issE 2 45 - Zi A R (turbulence length
scale )DL Ry Z5 7 s 22 FE 1 8 (turbulence power spectrum density function) 1<z A RESE L
(cross-spectrum density function) &}z E\E e N o] 20 Y B SR -

JE R

o B S I — (] | AR R A
PR
(Geometric similarity) -

similarity) » DU 433> :

TRV SR > & g/ﬁi@ﬂffﬁfﬁumfﬁﬁﬁﬁﬁ‘ JEU B SR
sERAS A BE IEMEMFE N ERG AV LT o FE UM R | 73 /5 28 (T AH DL 14
8 g A UL M (Kinematic  similarity) & &f 77 8 {21 14 (Dynamic

1 2& AR {CLE
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FEERYIRI SR (TSN ~ MADHIIE ~ HEARVECE Al RE S B SR R RS N 5
VIR 2V D > NI E R SR R e ~ FLMERERY) ~ AR - (R - AR - AT
VIZEHIME R > BAG S - BEIERZREY)S - SRS REE AR B(E - I
IERERCEAE A THE L E » DARECRIEAGEE S AT IEMENE o SR DI R 77 Ry

(DIERANE RS 7 R Z EE B R 8 AE H):

r

L B W, w8)
HP HP WP

Hep H B W RIRFESYINEE - BEALE - T p Al m 4Rl REe
(Prototype) I (Model) » i Lr i B Hmdfrgs K E: -

PB4 R EEBIAR B AR BRI - RKHIRREEI TR ZR RURERHE - K/ N A I R
5y » iSO R A4 R EL BT 1/200~1/600 < E 4T EEY)HY B A = /% Hp=200m -
R Wp=50m> L\ 1/400 Ay LL 4 KBRS RIS 5 Hm=0.5m» 22 & Wm=0.125m -
By oA > BHFEEL/ N 5% - EUTERER BRI BT R EA 1.25 m? o

(2) S IR & S N BE SR R RS il — e LR

()

BN RSRIE S B ERED p=400m - FEEEYIAN 5 % Hp=200m » 5L 1/400 [k f4E K 2
PEBAY > AIEAYEY S Hm=0.5m » [EVHE 2R @0 ERES m=1.0m » fistEaERny s &=
JCHA 1.5m o

(B)E A A e & 25 Ak E R & - et bl

H H
#-18)

HAZ, Ry RAANE R - BLARNR S B fy S R (Jensen number) » BT XA
A R Zop=40 cm- L) 17400 (YELBI4 KB ERBAL RIEUH RS £ Zop=1.0mm -

(SR 2 FE R B Z R YRR o3 e FE RUBE R — 2RV EEf:

H H
(28)

Hrt Lx ByzomivBR o R R (Integral length scale) - mT F 2Tt R H AHRE G Bs 7T
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K B PHIRR T RIEL R Lx =038 -
OB )

SR A 1B B S AG R TR € e AL A o MR B2 - iR o Bl R B B S B R e 3R
HHIHMEE A HVIRIRE (3 » PR REAUCE AT S 5 > BB AL YRR T
R e SRR R A A S R R 2B 5 - & B sa BRI — (B SRS - B
FRVIRGR T R R EEY ] o REEGHIER YIRS - BRIV E aB )N - R RYIR RS
e E oy RETaET - BRI R AR L R ST

& &
(B]m - (Bl (1.10)
Aie AYVEFEENHERE > D BEIIERK »
(O)FERI A FEE &

R Ry SR BB Y S LR SR 2% ArT S MRS ~ ARAEHITE ~ HIR YO B i VIR RE (4
THET ARG GZEEESESR 0.5m ZHEYNRE - SFTA THEIE R ERBLIE
REFLUMERERN EHEZIE - —fm s - BRI s SRR BRI 8+
TR Ry SRR T ARAY 8 (B B EY) = R 3~5 {5 - 8T = > — s 100 m
RE 50 m HYERRY) - AEERRITIRAY 8 {54 560m - 5 LU & St R E A
300~500 m - FEHERILE R EE Ry 1/400 > FIFHARIEE Ry 0.8~1.4m - JREIECHTEE 2/ VAR

1.6~2.8m DL L -

2. B LM

AR (DU B K TR Ul - (T R ARG Y O 2R EE R B PR A5 th S M i B AU 2R EL A A
[5  TRELAUSHY 2R R —E HIEE R -

()ZEFEEEHBT:

TET%}%UIL EﬁgBT/}lLi /)I %BZ—IEE/]H:@J ?ﬁéz H HEF‘EE ﬂﬁﬁﬁmum H: - %
PESH HE B R LA E - —RCUEF BN B i EEE Ud s a2k

U@@)| _(Y®) (1.11)
Us ), \U; ), '

JEUHFERFTPR FH 2 VR US K71k 10~20m/s Zfi] -
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QREMERE:

YiieRa g A —EBEENRNE g - HIEEL A
z-11" (112)
u

U R ERE - v B2 RIEBIES I o EUER R A B R 4
1.0mm > FE 8RN E 2 S8/ NAFERIBNIER » RIFTE RIS 2 B R 2 FmAG AL 14
AIRZEE » (A e ZZ ARSIV ENE « ErT NESSHVERE S8 Ry 1.5~2.0m » FHESE
Ydia R EL By 1/400 - RIEVFE SR 2R 4.0~5.0mm 585 7 JEZR » 75 L 80HS 8
/INPRERER GRS - ANERS 2 B 2R A (EME S B B S Z0mR - (Al - 35
PR N RS A (e N 40 R ER 1) » RIRE Mg s B B g e » JRE4ig RO (Scale
effect) i pl sl Bgs S 45 E(Wang et al., 1996) -

3B

AR P ECRIRE BRSBTS O aG AT 2 2 T Z R —ERIEL BT - dRAe T
SHRE - ERUASER BRSNS BAHE > ADRsEh A E e - BA
oA A RN R S B 4

(D& ##(Reynolds number):

_UL_puL
v.ooou

A U BB EORE - v RO EEIRR AR p RETIEHARE > p Bt
BRVETE - L RIUGHIRERTE © EBEm 2 R OIS 8 3 (Reynolds,O.,
1842-1912) - :BFgA T > RSy NiFEREEGE g R L 2R T - FERE
RS 2 S T B T - A S TR TS B8 s B B (AR ARV B M RIS 2 Bt
EEHBUNG - RIRIRBYENES] > ST HIEE G N AR IR > AR B
PARRIE - U R (Laminar flow) 522 > EEEEBORIN —ERFHERT » S/ NEEIHTE
FEVE M8 - R R aLYZ U (Turbulent flow) - & EEEINVERFUE SRS M

g

IE. o

R, (1.13)
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2~ DRHEER

AT T R FEARRRIT T B R A T SK 5 e S B SR R PR S M SR R i 25
EEWTERTE ) o FRAFSTE R UCEEBE B = R i e Bl TR ER A+ R T2 R e = PR B
TR & > EESEFFIE R T e s L A A (ITAM) Z B U
B FAFPKREEE T REHIGVPM RV T 5 = & (bR (i K222 i Bl TR2 SR Eh )

Et5e i OCRIACIV Z KSR 57 e VT B B e 5 38U R B B = -

ITAMEUTE B B s s e SR BEMIE B (climatic section) » £ EUIE P T /K ERIETIFE P
SRIERICRE AN - DI EHEAE BN SO S ERYRCR - A ZERIE PR - BERHES
HEEVHERR=/ A 2R - ABBCE HEMTE NBL-24 - (HA A JJF K A] A
IR AT ISR - BRI BCE R I 110% ~ B tat E88E20% - BUNTHE
70% > GVPMJEURETH T 140 K > Al TR RUERIG R G R AL RUF 5 - HARRIS
B IEY) Mg RetBs - 5350 - AMERERLNE R (B e sO& () - aPE BA
BERPTEHRE R > NI HAE AR L s R A E AT EAIES
LIRS ERIM N & - R AR 2 JEUR B 5= - CRIACIVEUIE T B s Ry RAIIE S i
AZJEGHE » e RS Ry N - EZEARE 5T - BATRIRER - L&ESERRE
TRTRIRENZEN  (HEEARS - MAFEEERE KB N o RETH EUEERE -
L EHI T e ERF R PR B Z B3 TRIE > Ll TR SRR I ZE R sk
s - EACR20%FHETEE ~ 80% IR o DLEFTly SRR E R = Z S ArEbes

A0 NRIFTR

52



% 35T - BAFISAFEAE SR
oy BURR AR AT BRI
e 2.5630 m AT ITAM 2B A T (EIERE 528
g ) Ay, 2.9%X3.9 m iy % NN NN o
N— gﬁﬁ%%mﬁ: T Lt 109 H:51 S B A B - B R R
e 1A | B 05 516 m 1+ A st | AR 2B | 0%BIRE | SOUBEClimatic secton) » LAY
o ARRRAELI TO%ERFEE | AHARERR R AN - BT
Sk E B AT R R -
S MR ERHAT2L 4m x5 3.84m SYPM SRR TR
ERRARLT | s ko | 505 4 s gy | STEORLEUIBARR © SRR
’ HY & H ° SRIE 54 v S f R 2 A b A <1 SHIT
KRR ;‘aws?j;sf xrisggfxg i s | meme | IR - S AR A
=R B .04m X5 o.04M < L =| 2R E R - NN \ N
ovem | T S AA R e s Bt TS ) T LR
M SRR Somes T IERT RN -
] 5892 4 o
SR T 1% KB R
ASERIET | BB 24 meEs Lom - BEBGE| Do | BT | CRIACIV BURSRSE I KRR
ARSI | 30ms &;ﬁ; B | R | LR - SRR
i[» CRIACIV h BER% o
" mpEEA2E |
s W A0mxE 26m & ) )
MEGESATE | g6 o™ o oitie o7 s s 1600 | prge g g o, | FHECH B 9 | ESBTHISESAATE AR BG4
. = » Mg SR A o =| . i LA N
FECHERE | e . 6 omoces DI e 20% » BFEREUL | STHCE  BHLAETRE SR P B S
AR R 6.0mxE) 2.6m & 21m > & | FifAE 14 y N e X
ABRI OB 80% o | S CHAR -

JElZE T 2 20m/s

53




AZERIT BCEAR T ST e s B e S R BR Se sE SB ffo 2 5BR EER B  T
S B AR TR ERE - BESERENERERNE - EAHE A
DECES & > MEESE N EREEE N 2 BRE - ST EEEER - mEs

iz (ERAFTER=R Tt Rl 2 E 2 MR T

— - JKATESY JREE AL - TS (B E IR AR - AR AR GTE—E
DURSEHITER » BRa A8 R e SR BR (B > DURECR(E 224 - 0%k
RERVIE IR VSR > (E2 3 BIE RS - B4 MEUIE TR SR 40 ] A58 R
FRBESF R - AP EURH & b = SRRV St T B & & AIBUNT 4 R SkRE
R SREARRETHRANTIE -

= AFTEUHERRESES S B SRR KEA R NI B E - LIRS
& > BIAZE R = E R A SRR @ S (E T RElE - BRI KR E(E
HEA RSB TEE IRER i A B A5 > 2R E = albasE JItbY -

TRERPEAREY > SEIEIPRAT -

= ARSHEBRESEAAFEZEREN  PIE S 2R E o ARTEUEE
S DI SesBR (e R B R B TIREE » I DA T el - 3A N B
REIEERSA AR R > BERIARAT A e - BREth= 2mtt
FAA - Bttt Je - TR IE B A RS2 B BAT eiite - fEakfatim ~ A

T Rt seaRE R E(E -

g~ EIAREMTARE > B AN ERZ - BT R TR &
FEEE ~ ZUEHlIGREAHER » SR LRI BURFERFT ~ ERERED - AT ~ AESRSUR
R TREA e > DA TR Z A B -

54



goi1odlimrAaMOdno o

Institute of Theoretical and Applied Mechanics Q
of the Czech Academy of Sciences

Centre Telc

The Centre Telé (CET) is part of ITAM CAS. It was established as an
European research infrastructure for the interdisciplinary research of
cultural heritage funded by the European Union and Czech Republic as part
of the Operational Programme “Research and Development for Innovations”
for2007-2013.

The Centre Tel¢ is equipped with a unique infrastructure for expert
research as well as development and verification of advanced methods for
diagnostics, enhancement of durability of materials and structures and
their parts, preventive protection and preservation as well as long-term
sustainable use of both cultural heritage and existing building stock.

Research Infrastructure

- Climatic and wind tunnel “Vincenc Strouhal”, which is designed as an
enclosed circuit with wind speed regulation and possibility to control a
number of weather parameters - cyclic changes in temperature in a range
of £5°C, various intensity of rainfall (both rain and snow) and radiant heat
radiation. For this purpose, the tunnel is equipped with two measuring
chambers. The aerodynamic section is used for the study of static and
dynamic effects of wind using down-scaled models of structures, buildings
or landscape or using real-sized structural elements, The climatic section
is used for experiments simulating combinations of effects of wind with
weather impacts.

- Laboratory of X-ray Tomography, micro- and nano-tomography with high
resolution.
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- Set of physical, chemical and biological laboratories for complex
material analysis and study of their degradation, durability and options for
preventive protection or preservation,

- Laboratory for diagnostics of materials and structures, equipped with a
mobile unit with a number of world-class diagnostic instrumentation for
field measurements.

Akademie véd
Ceské republiky
Czech Academy
of Sciences

Examples of services offered

- Measurement and simulation of wind pressure on buildings or sets of
buildings with complex shapes (tall buildings, heritage buildings,
sculptures, facade envelopes and roof decks etc.)

- Measurement of aerodynamic instability of bridges, poles and towers

- Simulation of stratified air flow

- Study of well-being in public premises, sports facilities etc.

- Simulation of water penetration under wind-driven rain and
measurement of efficiency of hydrophobic surface protection

- Study of frost deposit development on bridge cables and their impact on
the bridge aerodynamics
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- Micro-tomography of complex structures under load (bones, composites)
- Complex measurement of porosity of inorganic composites and their
fracture properties

- Complex physical/chemical and biological analyses of historical
materials, assessment of their condition and proposals for preservation or
preventive protection

- Measurement of nancindentation characteristics

- Measurement of thermal expansion

- Tests of material
degradation under various
climatic loads in the climatic
wind tunnel Vincenc
Strouhal and in climatic
chambers (gas mixes, solar
radiation, salt mist)

- Field diagnostics of
condition of wooden
structures including
measurement of strength
using a patented miniature
press

- Diagnostics of condition of buildings affected by natural disasters and
proposals for their preventive protection

- Assessment of buildings damaged by natural disasters and proposals for
recovery measures

- Estimates of impacts of mass tourism or development projects on cultural
heritage.

Published by: ITAM CAS, Prague 2019, www.itam.cas.cz
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About us

ITAM has a reputation of a top-level research institute with an application
potential for construction and engineering. Its origins date back to 1921,
The Central Laboratory for Experimental Mechanics (CLEM) and associated
laboratories dispose of broad experience with resolution of complex tasks for
industrial applications, among others. The research is mainly focused on
structural and dynamics analyses as well as analyses of structural
properties, nonlinear and stochastic environment mechanics, material
mechanics and fault analysis, biomechanics and reliability and
durability of structural elements.

CLEM disposes of unique instrumentation infrastructure, which - thanks to
the modular system of hydraulic actuators - allows implementation of
multi-axial structural tests; moreover, the lab owns several loading frames
with a capacity of 500 kN for various material tests. CLEM is equipped
with two vibration tables for simulation of seismic loads and support walls
for dynamic and fatigue tests. Furthermore, CLEM's employees work on
the development of instruments applicable both in laboratory and on in-
situ structures (examples include a portable driver unit for fast load testing
of bridge structures).

With its application laboratories, ITAM offers a wide research potential.
Highly qualified scientific staff is a matter of course.

Examples of services offered

Central Laboratory for Experimental Mechanics

- Loading tests of structures and their parts, determination of load bearing
capacity of structural elements, determination of dynamic characteristics
and vibration amplitudes of structures, measurement of both static and
dynamic strain, design of dissipative devices

- Dynamic safety assessment

- Measurement of micro-vibration and technical seismicity in endangered
areas and determination of human exposure to undesirable mechanical
vibration

Institute of Theoretical and Applied Mechanics
of the Czech Academy of Sciences
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Czech Academy |
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- Organization and implementation of dynamic loading tests for bridges,
footbridges and structures

-Laboratory/field vibration measurement

- Specialized calculations and numerical solutions

Laboratory of Optical Methods

- Development of unique measuring and loading instrumentation for
digitalisation of surfaces, e.g. assessment of their 3D shape, colouring
and roughness

The Fracture Mechanics and Fatigue Laboratory

- Safety, integrity and operational reliability of pipe systems and other thin-
walled systems (determination of fracture toughness and other mechanical
parameters of materials, assessment of fatigue behaviour, determination of
critical defect size, determination of impact toughness, assessment of
safety and residual life of defective pipeline system, assessment of
impacts of defects in welds, corrosion fatigue, general corrosion, pitting
corrosion etc.)

- Material fatigue (due to mechanical loading, chemical action and
combinations of impacts; study and determination of limit micro-plastic
strain for steels etc.)

- Fracture mechanics (e.g. determination of fracture toughness and its
practical application)

- Material research (creep properties, hydrogen embrittlement, corrosion
fatigue etc.)

- Safety research
- Tests of structural elements, life prediction and determination of strength

Laboratory for Analysis of Particulate Media

- Extensive material analyses, e.g. moisture and water soluble salts
content in masonry, composition and description of material microstructure
(chemical and phase composition, granularity, porosity), sorption
properties of construction materials (water absorption and water
desiccation rate), diagnostics and monitoring of wooden structures, study
of effects of preservative materials and technologies
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The interdisciplinary workshop Scola Telcz 2018 was held in Tel¢
from the 5th to the 9th of February in 2018. Students from three univer-
sities in the Czech Republic and from Austria attended the workshop.
The main topic was conducting case studies of the renewal and
further use of a former synagogue.

The "winter school" program consisted of lectures by experts, fieldwork
demonstrations and, in particular, independent creative work of student
teams. The program also included a detailed introduction to the historic
center of Tel€, the town where the investigated object is located.
Participants had a unigue opportunity to access otherwise inac-
cessible places and to closely cooperate with specialists from various
fields such as conservationists, architects and representatives of the
disciplines of science and historical art. The student teams were
diverse, enabling participants to try out the interdisciplinary
cooperation typical of work in the field of heritage care. However, the
assignment was the same for all teams — to prepare an initial study for
the reconstruction of the Tel¢ synagogue building. The week-long event
culminated on Friday with a public presentation of the results of the
individual teams directly on the premises of the former synagogue.
Scola Telcz 2018 was organized by the CTU in Prague, Masaryk
University in Brno, Danube University in Krems, the Center of
Excellence Tel¢ of the ITAM CAS and the Tel€ department of the
National Heritage Institute. Scola Telcz is one of the results of their
long-term cooperation in the field of heritage science.

J. Novotny
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Centre of Excellence Tel&

Dear readers, You are now holding another Newsletter of the Institute
of Theoretical and Applied Mechanics of the CAS and the Centre of
Excellence Tel¢. ITAM‘s employees can again boast of many scientific
findings, and it is especially encouraging when some are even
recognised by the management of the Academy. Their visit on
February 8th was the first visit to the Institute from the first scientific
area. The members of the CAS’ management heard the Activity
Report and the future conception of ITAM and CET. A lively debate
about basic and applied research ensued. Judging both from their
immediate and subsequent reactions the visit was a success.
Some of our most interesting research projects are presented here.
One of them is the research of a team specializing in analysis of
wooden structures from the point of view of both traditional techno-
logies and new scientific findings. Another topic, successfully resear-
ched over a long period, is the study of the deformation of bone
scaffoldings using 3D dynamic radiography. Also, there is an article
about a study on wind turbines, which is an interesting subject from
an aerodynamics point of view. Researchers at the wind tunnel at
CET have managed to develop and test a relatively reliable model of
awind turbine scaled 1:385, from which, among other things, the acting
forces on a prototype and its effectivity can be predicted.
The results of our work are presented mainly in journals, at confe-
rences and in workshops. One of the last meetings took place in
March in Montagnana, ltaly, as part of the project RUINS. Another
source of inspiration for scientific work are the so-called “mobilities”
of researchers, about which we've also written. In shor, there is no
shortage of interest in the cooperation, internships and scientific
work at ITAM and CET. | wish you an amusing read.

Stanislav Posp|5|l dlrector of ITAM

. Use of CET infrastructure:
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24 articles in peer-reviewed impact journals . 88 researchers from

10 articles in other peer-reviewed journals
2 chapters in books

28 papers at international conferences

1 patent & 1 utility model

6 functional samples

25 research projects

. the Czech Republic

. and abroad

+ 54 students in master's

- or doctoral programs from
. the Czech Republic

. and abroad
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I~ Use of all-wooden joint during reconstruction of rafters in Bratronlce castle

5 Wood and timber structure research has been a long-term topic at
ITAM CAS. Thanks to efforts to reconstruct historical buildings using
traditional technologies and new scientific knowledge, carpentry and
traditional woodworking have become popular again in recent years.
The research on all-wooden joint behaviour, supported by NAKI run
by the Czech Ministry of Culture (CMC) from 2012 to 2015, was
concluded with the publication of a certified handbook abdut the
static design of the joints. The relatively successful implementation
of the handbook into practice has stimulated further research and led
to the handbook being revised and supplemented so that it can be
used in more cases. Currently, experimental testing is being done on
alarge series of specimens of 1:1-scale four-doweled joints (see Fig. 1),
which should serve as verification of the part of the design diagram
corresponding to the combination of bending and compression
loading. It will influence joint design for repairing rafters (a com-
bination of higher compression and lower bending). The greatest
ambition of the current experimental research is to design a joint that
will be more efficient under high tension loads (e.g. tie beams).
Optimally, it should combine the functions of a peg (docking and
tightening the joint faces) and a dowel (clasping the laps, easily

| defining their manufacture). The joint will be tested in the following

' months at the real dimensions (cross-section 200x240 mm, length 6 m)

' in tension and bending until rupture (the load-bearing capacity is

estimated to be about 80 kN).

F/g 1 Test/ng of all-wooden joints for use whlle repairing rafters
in historically valuable structures
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Mathematical modelling is part of the research. The question of
practice — How will the application of the joint during a repair influence
the distribution of forces in the structure? — led to an interesting
numerical simulation. The change in the structure’s stiffness was
studied on a set of rafters of a simple collar-beam construction.
The middle rafter was repaired “virtually”. The joint in the element
was loaded with a combination of normal compression force N and
bending moment M. The construction was loaded in three steps while
the lathing and sheathing was added gradually. The model and
bending moment distribution after final loading are shown in fig. 2.
The length of the rafters was 3.6 m and their cross-section was
140%180 mm. The results show that repairs always increase
the strain on adjacent elements and other structural elements are
also influenced. A harmonious effect is present in the surrounding
elements when the load is alternately increased and decreased.

(Uil
/’///////Iﬂ

Fig. 2 a) Model of rafter set created by ANSYS software, b) distribution
of bending moment, ¢) influence of all-wooden joint application (position
no. 5) on strain distribution in the other structural elements after being
fully loaded (values of model bending stiffness kmodel — missing
element kmodel = 0,05, joint positioned in the third of element kmodel =
0,5, joint close to element end kmodel = 0,7).

There are two other projects in the field of wood nowadays. The project
Historical timber structures: Typology, diagnostics and traditional
woodworking, supported by CMC, is a critical analysis of the pro-
cesses used in woodworking and the following specific proposals
for optimizing the restoration, conservation, repairs and mainte-
nance of historical wooden constructions. The partial aims are the
systematization of roof structures based on design-typological
classification, the application of advanced methods in the diagnos-
tics and monitoring of physic-mechanical behaviour of timber
structures and the design of construction and remediation mea-
sures suitable for the restoration of monuments on the basis of the
traditional craft of woodworking (including correct log selection in
the woods, the felling period, the elimination of growth stress during
machining, wood response to different machining methods).

The last project is Oak fastener in timber structures: Materials for
normative anchorage, which is financially supported by TACR due
to the possibility of wider application in practice. Mendel University
in Brno and the University Centre for Energy Efficient Buildings CTU
are participating in the project. The research has been divided into
three parts (load-bearing capacity of the fastener related to its
material and geometry, behaviour and load-bearing capacity of
the surrounding mass, long-term behaviour of the loaded fastener in
various humidity conditions).

Related new publication

Kunecky Jifi, Hasnikova Hana, Kloiber Michal, Milch Jaromir, Sebera Vaclav
a Tippner Jan, 2018. Structural assessment of a lapped scarf joint applied to
historical timber constructions in central Europe. International Journal of
Architectural Heritage (Conservation, Analysis, and Restoration). 18, 1-17.
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H. Hasnikova, M. Kloiber, J. Kunecky

CET.ARCCHIP.CZ

The certified handbook Lapped Scarf Joints for
Repairs of Historical Structures is available along
with other information at www.itam.cas.cz/spoje.

Questions can be sent to spoje@itam.cas.cz.




Under the ongoing project WESLO
(Wind and Sea Loads on Energy
Structures), the team from the Depart-
ment of Dynamics and Stochastic
Mechanics started experiments on wind
power turbines with horizontal rotation
axes. Classical, mainly three-bladed,
wind power turbines are being analy-
sed. They can achieve, using the most
recent technologies and knowledge,
a maximum power of 9 MW. The dia-
meters of the propellers reach dimen-
sions of over 170 m and the heights
of the shafts up to 220 m. The flow of
wind on a structure of these dimensions constitutes a heavy load.
Moreover, the rotation of the propeller creates additional gyroscopic
and centrifugal forces that have to be taken into account when making
the design. A detailed knowledge of all the forces at work make it
possible to propose larger, and therefore more efficient, wind turbines.
Our team is currently working on analysing the effects of wind load on
wind turbines using scaled models in the Aerodynamic climatic tunnel
at the Centre of Excellence Telé. Using a scaled model of the wind
turbine, we are able to predict the expected load intensity on real-life
structures for the wind turbine’s different modes of operation and the
different flow conditions influenced by, i.e., the location in the terrain,
intensity of the wind turbulence, and incident angle of the wind flow
with respect to the propeller plane. The model was made on a 3D
printer. A small three-phase outrunner brushless motor was used in
place of a real generator, thanks to which very precise measurements
can be made and the rate-of-turn can be changed smoothly. As we
know how much energy the experimental model of the wind turbine
produces, we can deduce the generator's braking forces and there-
fore the torque of the propeller at different speeds. The forces in the
base of the tower are measured with a dynamometer, which makes it
possible to measure 3 force components and 3 bending moments.

Future experiments will be focused on aerodynamic and aeroelastic
force application in the context of the location of the wind turbine in
more complex terrain. M. Machasek

The materials research team at CET has a new
instrument called isothermal conduction
calorimeter. It can monitor the thermal activity
and heat flow of chemical, physical and
biological processes. The information provided
cannot be obtained using other techniques. It
is particularly useful when investigating hydra-
tion processes in cements, concrete and
mortars and when determining the heat of
hydration or studying the effects of com-
ponents added to retard reactions or improve
material performance. It can also be applied
to monitor the stability of drugs, like anti-
biotics, or the self-discharge of batteries, to
determine their shelf-life.

The sample is placed in an ampoule that is in contact with a heat flow
sensor that is also in contact with a heat sink. When heat is produced
or consumed by any process, a temperature gradient is developed
across the sensor. This generates a voltage which is measured. Up
to 8 samples can be accommodated, and they can be measured
simultaneously and independently of each other.

New isocalorimeter

A Viani

In bone tissue engineering, the accurate description of deformation
behaviour in both original bone and artificial replacements is one of
the most important prerequisites for the assessment of biocom-
patibility and bone-integration characteristics of a proposed structure
intended for use as a bone scaffold. A newly synthesized hydrogel-
based bone scaffold was subjected to compressive loading to
obtain its deformation characteristics. lts very soft nature and high
porosity together with the low X-ray attenuation of the material
required the development of an experimental method employing an
in-house designed micro-loading device and a CT device operating
in on-the-fly mode. The sample was compressed at a loading rate of
0.4 microns per second.

To evaluate the displacements and strains on the deforming
microstructure, the digital volume correlation method was employed
on the reconstructed tomographical images. In total, 34 CT scans
were acquired using a single photon counting detector during
the loading procedure. Individual tomographies were acquired within
120 seconds with a sample compression corresponding to 48 microns.
The task was solved with the support of the Competence Center for
High-Resolution 3D X-ray Imaging (ATCZ38) and Kompetenzzentrum
MechanoBiologie in Regenerativer Medizin (ATCZ133) in coope-
ration with the Ludwig Boltzmann Gesellschaft - Institut flr experi-
mentelle und klinische Traumatologie and the University of Applied
Sciences Upper Austria.

Figure: Visualisation of a deformed full-scale voxel model of the scaffold's
microstructure showing displacements at the last load step

D. Kytyf, P. Zlamal

On Monday the 8th of February 2018, the president of the CAS, Prof.
Eva Zazimalovd, began her round of visits of the institutes of the
CAS at ITAM. She had visited ITAM before, and this time she came
with the vice-president, Prof. Jan Ridky, and two of the academy’s
board members, Lenka Vostra and Pavel Krejci. The visit started
with a discussion with the management of ITAM, followed by tours of
the Central Laboratory of Experimental Mechanics (CLEM), the Labo-
ratory of Particular Media and the Laboratory of Biomechanics. At
the end, the guests visited the newly built and inspected part of the

institute.
B. Prechova
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In June of last year, the RUINS project supported by Interreg Central
Europe was launched, with the CET team being one of 10 partners
in an international consortium of 6 European countries. The aims of
the project are to bring medieval ruins back to life using modern
technical and economic approaches and to find ways to use them in
contemporary societies while preserving their historical value. The
project's output leads to these goals: the creation and distribution of
internationally applicable manuals and procedures, including proce-
dures for the modern administration and management of medieval
ruins, particultarly in Central Europe.

The project's activities also include surveys and case studies of six
selected ruins. Immediately after the project was launched in June
of last year, a field survey of Janowiec Castle in Poland was carried
out, and then in August field surveys of the ruins of St. Sto8ije in Zadar
(Croatia) and Salek Castle in Velenje (Slovenia) followed. Since Octo-
ber, the CET team has been preparing for and securing research
activities in the ruins of the fortified Bzovik Monastery in Slovakia
and has conducted a technological workshop focused on in-situ dia-
gnostic methods for historical wooden structures that took place in
one of the monastery's bastions. In March of this year, a study visit was
made to the city fortifications in Montagnana, ltaly, and the Beatrice
d'Este Villa with the remains of a medieval monastery. The output of
study visits are always detailed reports mapping the history, current
technical condition, conservation interventions and economic use of
the given torsional objects. In the next phase of
the project, the work will focus on creating manuals 1:!! E
and implementing pilots on the selected ruins F "f

in Poland, ltaly, Croatia, Slovenia and Slovakia. e

More information about the project can be found at:
http./fwww.interreg-central.eu/Content.Node/RUINS.htm!

A secret election in January 2018 resul-
ted in the appointment of a new committee
head of the Czech Society of Mechanics
(CSM). During a meeting on 7 February
2018, the new functionaries of the CSM
were elected. Based on this vote, Ing. Jifi
Naprstek, DrSc. from the Institute of
Theoretical and Applied Mechanics of
CAS was named

the new chairman for

the next four years. E- E

Ing. Jifi Naprstek, DrSc.

More information about the domestic and international
activities, management and history of the CSM can be
found at: https://www.csm.cz.

“ MOBILITY OF

Each year the Center of Excellence Tel¢ hosts several foreign
researchers for short and long-term research stays. The year
2017 was not an exception. In March, Professor Rajesh Goyal
head of the Institute of Engineering and Technology (India) came
to work at the Climate Wind Tunnel Laboratory. In April, Karim
Zara Zefreh from Antwerp University in Belgium participated in
experiments in the Laboratory of X-ray Tomography. In the same
laboratory, during two research stays, a metrology specialist from
Belgium, Massimiliano Ferrucci, was involved in refining the
setup of the unique Tel¢ equipment. Yasemin Didem Aktas from
University College London came to prepare larger future
experiments in the climatic wind tunnel in May. In June, the
Laboratory of Material Analysis and Microscopy hosted
Professor Helois Nunes Bordall of the Danish University of
Copenhagen. From late August to early September, Professor
Piotr Gorski and his doctoral student, Marcin Tatara, conducted
experiments in the climatic wind tunnel (both from the Opole
University of Technology in Poland). In September and October,
Dr. Andriy Buljac from the Croatian University of Zagreb
co-operated on some other experiments.
Professor Bordall and Professor Goyal, in addition to conducting
collaborative research, orally presented the results of their
research to the staff of the Institute.
Four CET Ph.D. students were sent abroad for internships in 2017.
e Dita Machova studied at the University of Ljubljana

from February to May 2017.
e Riccardo Cacciotti completed his internship in March

and April 2017 at the International Center for the Study

of the Preservation and Restoration of Cultural Property

(ICCROM), Rome (ltaly).
o Dita Frankeova did a month long internship

(September - October) at the University of Padua (ltaly).
e Klara Nedvédova started an internship at Donau

University Krems (Austria) in December 2017.

J. Novotny
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in editorial writing the “shorter is more difficult” rule applies. So
this time it is a very difficult task for me to fit into these few lines.
And the reason is that this time the contributors were very fruitful
and filled up the designated area to the very last letter. Therefore
only briefly.

An interesting read is certainly the article on the aeroelastic
stability of steel hangers, which was prepared by the Department
of Dynamics and Aerodynamics. Furthermore, | must mention
the interview with Dr Cyril Fischer, who runs the intern program
in applied mathematics for high-school students within the Open
Science project. And no less interesting is the view from the other
side — that of the students themselves.

But now, | really have to conclude, Have a nice spring, summer

and enjoyable read!
Stanislav Pospisil, direclor

]..JE(ERQELLASWCSTAB[UW

Suspension rods (hangers) carrying the loads of bridges and roofs
of large spans are generally slim, flexible and very low-damped
structural elements. The combination of these properties and
geometry allows for the formation of a physical phenomenon, even
at normal wind speeds, where energy is drawn from the air stream
for a relatively long period of time and converted into kinetic energy

Aeroelastic model of four hangers placed in the wind tunne/
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of the vibrating rod. Such vibrations usually have high vibration
amplitudes and lead to significant fatigue stress and eventually to
destruction of the entire hinge structure.

The aeroelastic behaviour of one hanger in the air stream is already
a traditional task of building aerodynamics and aeroelasticity which
we can solve. However, in the case of a pair, a trio or a larger group
of rods placed in close proximity, there may be modifications to the
case with a single rod, and here "“all advice is valuable". The
influence of the surrounding elements and the interaction with the
current will begin to manifest, and thus a significant increase in load
will occur. The pull rod placed in the winding creates a periodic
vortex field that "hits" the rods placed in the wake, and this periodic
load leads to oscillation of the elements that would not
independently oscillate. The European standard dealing with wind
loads on building structures addresses this phenomenon in a very
simplified way. There are even known cases in which, despite the
proposal realized under this regulation, undesirable rod vibrations
have occurred. We are now conducting a detailed analysis of this
phenomenon at our institute, which is examined both by numerical
methods modelling the wind flow around vibrating rods and
experimentally in a wind tunnel. From the results of calculations and
experiments, we are able to predict the behaviour of the actual
structure and take into account this interference phenomenon in the
design of the structure.

Wind speed distribution for four hangers obtained by numerical

simulation
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BIM model of Ostrava-Vitkovice Railway Station visualized
in the cloud service A360 by Autodesk

The topic of preservation of architecture from the 1960s and 1970s
has recently gotten wider attention mostly due to planned or
already realized demolitions of several objects (Transgas, Praha
Hotel). Buildings from that period can disappear irretrievably,
without society clarifying whether they (as cultural heritage)
deserve to be protected or not. Therefore, the project “Analysis
and presentation of the values of modern architecture of the 1960s
and 1970s as part of the national and cultural identity of the Czech
Republic” was initiated; supported by the Czech Ministry of Cul-
ture’s NAKI program (2016-2020). ITAM CAS is one of the
co-researchers of the project, which focuses on a deeper
knowledge of buildings from the mentioned period and on defining
the proper approach to their protection and reconstruction.
Simultaneously, the project also studies options for documentation
digitization and virtual preservation of buildings, whose authentic
appearance, or even very existence, are endangered.

The webpage www.ma6070.cz is dedicated to the project. The first
of the applied outputs achieved by ITAM CAS can be found there:
a specialized map of the Ostrava-Vitkovice Railway Station
including expert content created as a 3D dynamic model.

The digitization of cultural heritage is a rapidly developing field that
utilizes the potential of modern technologies. The creation of authen-
tic 3D models is one way of preserving valuable and unique
monuments for future generations and, at the same time, of pre-
senting them to the current one through the interactive online
world. The BIM technology (*Building Information Modelling”),
which enables the creation of information databases about
buildings and their management during the buildings’ lifetime, is
used for the project works. Geometric data on the building in the
form of a 3D model is part of the database. This technology is used
nowadays mainly for project documentation of new buildings (part
of the so called Industry 4.0), but iately it is being applied more and
more abroad also on culture heritage as HBIM (“Historical/He-
ritage Building Information Modelling”).

The data concerning the building geometry was, due to incomplete
project documentation, coflected with the help of photogrammetry,
which is a fast and cheap method enabling the creation of
a pointcioud that substitutes the classic data from surveying by
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e.g. laser scanning. The level of detail of the model is defined by
its purpose. In the case of the Ostrava-Vitkovice Railway Station,
the model is the combination of a structural model of the
load-bearing elements made of reinforced concrete that is linked
to the database of (not only) the material properties, and digital 3D
mesh models of unique entities such as the watch tower from
Vladimir Kopecky or decorative glass panels of banisters in the
departure hall by FrantiS$ek Burant and Benjamin Hejlek. Individuat
3D models of the art are also presented on the “Sketchfab” server
{sketchfab.com) in the profile MAB070 dedicated to the project.
Currently, the model of the Prior/Kotva Depertment Store (its
heritage protection is a long lasting question), is being processed.
The workflow is shown in Fig. 1. The study of building volumes
emphasizes the architect's idea of the hexagon as a main
geometrical structural element. In cases where the project
documentation is missing or some of the elements are
inaccessible (strut), the possibility to assess the dimensions from
the photogrammetric pointcloud is advantageous (the column
element). Thanks to 3D printing, the model can be easily shown in
the real world again.

The digital documentation workflow: a volume model - from reality to
3D print (up), SCAN-to-BIM — pointcloud of the column from
photogrammetry as a base for 3D modelling (bottom)

Project related publications:

Strakos, M.; Anton, O.; BydZovsky, J.; Cikrle, P.; Cemna, A. M.;
Dufka, A.; Hasnikova, H.; Kersner, Z.; Kugl, J. - Kunecky, J.;
Popelova, L.; Pfendik, P.; Rotter, T.; Rovnanikova, P.; Senberger,
T.; Simonova, H.; Urlich, P. Ostrava-Vitkovice Railway Station.
History — architecture — heritage potential). Praha: Narodni
pamatkovy Ustav, 2017. 256 s. ISBN 978-80-87967-14-0.

Urlich, P.; Bydzovsky, J.; Cikrle, P.; Hasnikova, H.; Kunecky, U/
Moos, J.; Popelovéd, L.; Rovnanikova, P.; Sedidkova, R.
SedImajer, M.; Senberger, T.; Tryml, M. Prior/Kotva department
store. History - architecture - heritage potential. Praha: Narodni
pamatkovy Ustav, Ceské vysoké uceni technické v Praze, 2018
255 s. ISBN 978-80-87967-19-5.
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For the second year in a row, Dr Cyril Fischer is running an internship
intended for secondary school students within the Czech Academy
of Sciences Open Science project. In this issue we bring you an
interview with Cyril Fischer and his trainees: Anna Kneselova,
Ondra Hamala, Adam Pazderka and Simon Pekar. You can find
the unabridged interviews at www.jtam.cas.cz in the News section.

What motivated you to participate in Open Science project?
My children are of the same age as my students, near graduation.
| can see that at eighteen they are too old for sitting in a clas-
sroom, school itself is not enjoyable for them. But | can sense in
them a desire for ,real information”, something that will finally be
useful, or at least that seems like it.

How do you come up with a topic?

It's hard to say in general. | think that a topic must be interesting
and playful, but also difficult enough. It is optimal when a student
comes to the edge of his/her abilities. It should be something that
is not taught at school. And yet the topic must be broad enough
because you never know who will be applying. Everyone has their
edge somewhere else. So | try to bring myself back in time and
imagine what might have interested me at that time.

Last year's topic had been prepared for a college student for
a very long time as a bachelor thesis, but no one signed up at that
time. It turned out pretty well this time however, the guys enjoyed
it. They divided the tasks and wrote a nice program. This year
| thought we could switch the roles. The seminars are led by the
students, and | listen, learn and do the homework. | think this is a
better concept.

How did you choose the trainees?

The propositions assume that the participants are selected based
on motivation letters and CVs. But how do you choose when all
the candidates are amazingly skilled and motivated? This year, |
sent an intimidating exercise program to the enrolled candidates,
hoping that some would give up. In vain.

B Prechova, C Fischer

Would you describe to me the topic of your internship?
Why did you find this topic interesting?

Anna: | was interested in the topic because | knew from the title
that it would be a challenge for me and very difficult. If | can
persevere, | will gain a lot of new knowledge, which | would not
otherwise get at my level of education.

Since | am also a laic regarding the subject matter, it is hard for
me to simplify it. Mathematics has order, and things are given and
defined in it. Using stochastic (random) processes, we try to
simulate the real world and “translate” its chaotic form into a clear
language that the mathematical tools offer.

OndFej: The topic of our internship is not exactly defined, but we
do mathematical tasks in Mathematica and Python, which will
gradually introduce us to the solution of differential equations with
random elements that need to be solved using computers.
Because of its complexity it is analytically impossible.

How did you get involved in the Open Science internship?
Ondfej: | wanted fo expand my knowledge in the field that
interests me beyond the scope of schooling. And, if possible,
under professional guidance. So when a friend told me about the
Open Science Internships, | checked to see whether one of them
would suit me.

Simon: | attend a general high school and sometimes | have
a problem with subjects that do not interest me. With subjects
such as mathematics and physics | am hampered by the slow
teaching of the subject matter. That's why it occurred to me to
participate in Open Science, where | could gather interesting
knowledge in those fields and develop my abilities.

Do you plan to pursue scientific work in the future?

Anna: In this respect, | still don't know what | want in the future. To
practise science and discover new methods pushes the world
forward. But it is always necessary to translate the theory into
practice and launch a new idea so that it can be practically used.
I would love to be a hybrid — to be able to do scientific work and at
the same time put it into practice.

Adam: | feel quite motivated thanks to the internship and | like the
academic environment. In the future | would rather focus on
informatics, more precisely Al. But | don't know what research
looks like in that field. As for physics and applied mechanics, | would
definitely like it there.

Is there something you were afraid of before the internship?
Has it become reality?

Anna: Yes, and again yes. | was afraid | wouldn’t be able to keep up
with the (for me) high level of mathematics. That happened, and it
has been demanding hard work. Sometimes | am not able to
absorb all the information. Despite that | am slowly moving forward,
Simon: | was afraid | wouldn’t understand it at all. | am the
youngest of the interns, and | was worried because the topic is a
huge leap into the unknown for me. Fortunately, my concern has
only been partly realized.

Is this your first encounter with practical science?

Ondrej: Yes, for the first time | can see in detail what systematic
scientific work looks like. So far, | have been to several lectures on
school excursions that did not give me much.

Adam: | participated in an internship last year, so this is not my
first encounter. In this internship | appreciate that it is both
theoretical as well as practical. One really needs to know what
one is doing to make it work.

How are these activities regarded by your teachers?

Simon: My teachers are absolutely ok with it. There is no problem
with notes, nor are the intern days included in my absence.
Several times | have discussed the topic with a few of them and
they have always tried to help me.

Adam: My school is very accommodating. Not only can | be
absent once a month, but | don’t have to do our yearly project and
| can devote myself to the internship. | would like to add that it
takes most of our free time, including weekends, so | wouldn't be
able to manage it all anyway. | appreciate it.

The trainees with their lecturer Cyril Fischer

B. Prechova
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CONSECH20 (CONSErvation of 20th century concrete Cultural
Heritage in urban changing environments) is a 3-year JPICH
international research project that aims to develop effective
approaches for conservation and protection of 20th century
heritage concrete buildings against ever-changing urban
impacts, taking into account both technical and social aspects.
The kick-off meeting of CONSECH20 held on 14-15 February
2019 at ITAM, successfully brought together representatives
from all five institutions from the CONSECH20 consortium: ITAM
CAS, Delft University of Technology, University of Cyprus,
University of Genoa and the Institute of Sociology of the National
Academy of Sciences of Belarus, a total of 15 participants.

The main aim of the CONSECH20 meeting was to ensure that all
the partners have a common understanding of the project and
their respective roles in it. The meeting was an opportunity for all
partners to establish closer relationships and present their
prospective contribution to the project.

C L Nunes

On 5th and 6th June 2019 the High-Resolution 3D X-ray
Imaging Workshop will take place at the University Centre
Tel¢, summarizing the results of the Interreg ATCZ38
Com3d-XCT project. In addition to the participants of the
project, foreign experts dealing with advanced X-ray imaging
methods will be present at the workshop. Details of the event
can be found at http://xctw.itam._cas.cz/.

After six years, the conference for students and young
researchers, dealing mainly with experimental mechanics,
returns to the Czech Republic. The 17th Youth Symposium
on Experimental Solid Mechanics will take place at the
University Centre Tel¢ on 6-8th June 2019 under the auspices
of IMEKO and with financial support of the CAS. Details can be
found at the workshop website http://ysesm2019.itam.cas.cz/.

Institute of Theoretical and Applied Mechanics

On June 27th 2019, ITAM CAS and the Municipal District
Prague — Troja will host an international conference on the topic
»Managing the Protection of Cultural Heritage in a Changing
Environment”. The main objective of the event is to present the
latest results of the Interreg CE ProteCHt2save project to sta-
keholders with emphasis on Czech experience and to present
the issue from the perspective of managing cuttural heritage
protection in a changing environment. More information at:
www.interreg-central.eu/Content.Node/Prote CHt2save.htm!
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D Kytyr, B. Pfechova

An international student workshop focusing on the former Jesuit
College garden was held in Tel¢ from February 22nd — 27th 2019.
The aim this year was to design a solution for the garden space
of the former Jesuit College, which today belongs to the Faculty
of Civil Engineering of the CTU in Prague and is also adjacent to
the building of the University Centre Tel€ of Masaryk University.
The garden area, historically connected mainly with the
operation of the Jesuit order in Telc, is located in the very centre
of the city and represents a hidden and unused potential for the
cultural life of the city.

The programme consisted of lectures by experts focused not
only on the Jesuit order and its activities in TelC, but also on the
principles of care for the UNESCO monument or city gardens at
present. Central to the workshop was the collaboration of teams
of students from different disciplines. The individual teams then
tried to capture not only the history of the place, but also the
needs of the contemporary city and its inhabitants, and introduce
these in the form of a site-specific installation on the future use
of the garden. The workshop was concluded in the late afternoon
on Wednesday February 27th with the opening of the garden to
the public and the presentation of student proposals along with
the participation of representatives of Tel¢, individual universities
and cooperating professional institutions.
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CONSECH20 project proposed by ITAM CAS together with the Delft
University of Technology (TUD), the University of Cyprus (UCY),
the University of Genoa (UNIGE) and the Institute of Sociology of
the National Academy of Sciences of Belarus (ISNAS) was amongst
the 42 submitted proposals to the Joint Programming Initiative on
Cultural Heritage call on the topic Heritage in Changing Environ-
ments. Out of these, 5 were recommended for funding, including
the CONSECH20 proposal. CONSECH20 is a three year research
project that aims to develop effective approaches for conservation
and protection of 20th century heritage concrete buildings against
the ever-changing urban impacts. 20th century concrete heritage is
a major challenge for conservation both because of its remarkable
architectural variety and experimental character in use of materials
and technologies as well as due to the lack of recognition of its
cultural and historical value by the general public. These aspects,
together with the fast-changing urban environment, are leading
causes of its deterioration and, sometimes, demolition. CONSECH20
focuses on structures built with early concrete (until 1960) of social
interest in the sense of bringing people together (e.g. for recreation,
inhabiting, working) to strengthen the link between society and 20th
century architectural heritage. CONSECH20 will increase the poten-
tial of 20th century early concrete CH as a tool for social integration
and cultural tourism and contribute to the establishment and deve-
lopment of the notion of Heritage Science, a relatively new and
emerging field of science that aspires to bridge the gap between
humanities and applied sciences. It will outline new approaches to
participatory monitoring and conservation/restoration for future use
of modern architectural heritage by stakeholders, and for citizen
engagement in the protection of modern architectural heritage.
The project will use representative case studies of early concrete
buildings in four of the participating countries that can lead to
the selection of appropriate evaluation and testing scenarios. ITAM
CAS is the coordinating institution, and the project will start in
January 2019.

C. Nunes
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Dear readers and friends of science,

After a while we again hand you, this time for autumn evening
reading under a lamp, another issue of the ITAM and CET
Newsletter. Despite the summer holidays, the researchers from
our departments have produced interesting results which are
described in more detail on the following pages.

From the many results we can be proud of, | would like to
mention the development of an effective method describing
deformation processes and crack propagation in nonhomo-
geneous materials. Samples of the material are exposed to
mechanical stress and irradiated at the same time. A unique
device developed by ITAM employees has brought this method
from theory into reality. ITAM research also has practical
applications. A relatively complex analyses of a footbridge in
Pisek was carried out by scientists from the Department for
Dynamics and Stochastic Mechanics. The footbridge consists of
two different but connected bridges. The structure is therefore
rather unusual and is characterised by a strong dynamic
response to wind and pedestrian crossing on both parts.

In the text you can find e.g. a report on a prestigious award given
to ITAM workers personally by the president of the Czech
Academy of Sciences, Prof. Eva ZaZzimalova. It is a great
honour, and we hope that this recognition will serve as
inspiration to younger workers and proof that it is possible to
attain high social prestige in the sciences. This is undoubtedly
true of a former ITAM director Prof. Miro§ Pirner, who turned 90
in September and is still scientifically active. We congratulate
him on behalf of the editorial board of the Newsletter and [TAM
workers.

ITAM and CET are present at conferences, abroad or with foreign
guests. Before the summer we organised the international confe-
rence Engineering Mechanics 2018 in Svratka, and at the end of
the summer we established a collaboration with The National
Laboratory of Additive Manufacturing, 3D digitalization and
Computed Tomography in Mexico. ITAM joined the international
project Conservation of concrete Cultural Heritage (CONSECHZ20),
and participated on the nineteenth annual Documentation and
surveys of historical timber roofs course in Slovakia. In short,
the summer and the beginning of autumn was again a very busy
time at ITAM and CET.

| should probably stop listing our institute’s activities though, as
the editorial should not aspire to reveal everything. | wish you an
entertaining read.

S. Posplsn director UTAM
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Prof. Miro§ Pirner, former director of ITAM
CAS, celebrated his 90th birthday this year.
He served as director from 1990 to 1998. He
lead the institute through the difficult period
after 1989 when ITAM returned the Emmaus
Monastery (where it had been located until
then) to the Saint Benedict Order, and had to
move to a new location. His expert and

Prof. Ing. scientific work has been focused mainly on
Miros$ Pirner, theoretical and experimental research of air
DrSc., dr.h.c.

flow effects on structures for which he
received many awards. Currently Prof. Pirner
serves as senior researcher in the department of Dynamics and
Stochastic Mechanics. The ITAM collective wishes him all the best
for the coming years!

B. Pfechova
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High-resolution time-lapse micro-focus X-ray computed tomography
(4D micro-CT) is a method for investigating the deformation
processes and fracture propagation characteristics of non-homo-
geneous materials during loading.

For this purpose, a unique experimental device (patent pending
PV2018-28) capable of four-point bending (4PB) testing during
X-ray imaging has been developed. In contrast with standard
bending setups, the proposed device is designed for vertical
orientation of the investigated specimen, whose axis of rotation is
identical to the rotational axis of the CT devices. The device is
composed of three main components: a pair of a motorized
loading units with integrated movable outer supports of the
four-point bending arrangement, a pair of stationary inner supports
of the four-point bending arrangement, and a cylindrical ioad
bearing frame housing the loaded specimen together with the
loading units and all the supports.

Proof of concept together with pilot experiments were successfully
performed in the TORATOM CT scanner. Based on results
acquired, fracture-process zone and macroscopic —crack
propagation in a quasi-brittle material can be observed in 3D using
an in-situ loading procedure and high resolution 4D micro-CT.

Configuration of the 4PB loading device

P. Koudelka, D. Kytyf
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The 19th annual International Summer School, organized by
the Czech Association of Construction Historians in collaboration
with the CET, was held on September 10-14, 2018. This year, the
territory of the southern part of Central Slovakia was chosen. The
event was organised by our colieagues from the Monument Board
of the Slovak Republics (Dr. Lubor Suchy, Dr. Karol Durian). Thanks
to the kind patronage of Prof. Pavel Gregor, Dean of the Faculty of
Architecture of the STU in Bratislava, the participants could stay at
the premises of the FASTU Educational and Scientific Research
Centre in Banské Stiavnica. The course was attended by 21 par-
ticipants from the Czech Republic, Slovakia and Romania. Other
guests were also invited, especially the staff of the Regional Monu-
ment Office in Banska Bystrica and Banska Stiavnica. The program
was focused on the practical aspects of study of historical roof
trusses (on the recognition of features important for time and typo-
logical classification and so on). The participants got acquainted
with regional features of traditional crafts, especially carpentry.
The greatest impact was brought by a visit to the house at Stefan
Moyzes Square No. 7 in the historical centre of Banska Bystrica.
It is the only preserved roof with a unique chain structure made
according to the patented design of Bedfich Schnirch from 1826.
Very interesting were the evening lectures focused on methodolo-
gical questions of surveys of roof trusses and their chronotypolo-
gical division. Much appreciated was the presentation given by
Boglarka Téth about a state-of-the-art overview of dating results
regarding timber roofs in Transylvania.

Photo: M. Kl i'be.;"

Inspect/on of the roof trusses of St. Lawrence Church

church in Beluj, near B. Stiavnica J Blaha

5. high-strength aluminium alloy frame

6. inner supports

7. specimen

8. carbon-composite frame
9. slip ring adapter

1. rotary table adapter

2. motorized loading unit

3. outer support with loadcell
4. docking ring
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[TAM CAS with its Tel€ centre established a research collaboration
with Mexican partners. Assoc. Prof. Michal Vopalensky, Head of
the X-ray Tomography Laboratory at CET, visited Mexico in April
2018, where he gave a speech at a conference on additive production
and material characterisation. The conference was organised by
The National Laboratory of Additive Manufacturing, 3D digitalization
and Computed Tomography (MADIT) at the National Autonomous
University of Mexico (UNAM). UNAM, with its more than 300 thousand
students, is the largest university in Latin America, and on a world
scale a very prestigious one. “My presentation about the imaging
possibilities we have in Telc, thanks to a unique patented tomograph
TORATOM, met with a positive response, and | had a chance to talk
to a number of Mexican scientists professing an interest in cooperation.
Then it was only a question of finding a suitable collaboration platform
and funding,” says Vopalensky. It has been successful to a certain
degree, and in July of this year Dr. Aida Rodiguez visited the Tel¢
centre. She gave a lecture on modern additive production techno-
logies, or 3D printing, for the purpose of bone implant preparation
used especially in dental medicine. “From September we agreed on
a 6-week CET internship for a Mexican doctoral fellow, Adriana Her-
nandez from MADIT. She is working on characterisation of materials
produced by 3D printing with help from ITAM biomechanics led by
Dr. Kytyr. The results will be used in Adriana’s doctoral thesis, and
a scientific paper is also being prepared,” adds Vopélensky.

From the left: G. Presbitero, L. Ruiz, A. Hernandéz,
M. Vopalensky, A. Caballero

The last week of September saw the arrival of the Head of MADIT,
Dr. Leopoido Ruiz, and his deputy, Dr. Alberto Caballero. They
brought with them a model of an artificial human oesophagus which
can simulate the real one's functions. The TORATOM device in Telé¢
was again used to monitor the passage of food through the organ,
and now a paper is being prepared. in Prague, Dr. Ruiz gave an
interest-arousing lecture, and the discussion that followed gene-
rated other possibilities for collaboration. “I’m planning another trip to
Mexico in December as | have been invited to participate in
a meeting of European and Latin-American scientists working on
the investigation of cultural heritage in relation to the European project
E-RIHS (European Research Infrastructure for Herifage Science),
fo be presented in Brazil and Mexico," reveals Vopalensky. Since
June, another alumni of UNAM, Dr. Gerardo Presbitero, has been
investigating micro-fractures in bone tissue at the centre in TelG.
As a part of a mobility project, he will be staying for 11 months.
‘A collaboration with Latin America and especially with Mexico is
something that | have always wanted fo realize, owing also to my
year-long stay at UNAM in 2003, but it had always been difficult to
find a suitable framework. | think now we've managed that, and | just
hope that the enthusiasm on both sides will last,” concludes
Vopalensky.

J. Novotny, M. Vopalensky
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The 50th International Chemistry Olympiad, IChO took place in
Prague and Bratislava from the 19th to 29th of July, 2018. More
than 300 talented students from 76 countries participated. As part
of a daylong excursion they visited the open-air museum at
Solvay's Quarry where Dr. Valek and his team gave a presentation
on the history and evolution of lime production. The young chemists
learned about limestone, the raw material used in the production of
quicklime, its extraction and processing, the history of the industry,
and the development of various types of inorganic binding agents.
Contemporary research and projects were covered as well. As
part of the lectures there were demonstrations on lime slaking,
stirring and application. The young Olympians were captivated by
the experiments, and eagerly asked numerous questions. The pre-
sentations for each group usually ended in lively discussions. For
most of them this was the first time encountering a practical
demonstration in the processing of quicklime. Thus the lectures
and the program gave them insight into a craft that utilizes chemical
processes they normally only study on a theoretical level.

Dr. Valek durmg a lecture for the participant of IChO 2018
P. Kozlovecev

Dr. Jifi Naprstek and Dr. Radomil Kral received the Czech Academy
of Sciences Award for their exceptional research, experimental
development and innovation resuits in Theoretical background and
implementation of finite element method for multi-dimensional
Fokker-Planck equation analysis. The award ceremony took place
on 16th October, 2018 at Villa Lanna in the presence of Academy
Board representatives and the Scientific Board of the CAS,
representatives of the press and other guests. Their work contri-
butes exceptionally to the development of theoretical and numeric
mechanics, and includes several original findings and methods
which will set a new course for research focused on solving
problems of stochastic dynamics and stablllty for the future.
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At the end of September, a team from the Department for
Dynamics and Stochastic Mechanics performed a dynamic
loading test of two successive footbridges in Pisek. The author of
both of them — a cable-stayed one leading from the left bank of
Otava river and a suspension one leading from the right bank —
architect Josef Pleskot. The aim of the test was to determine
modal characteristics of the bridges and to compare them to a
theoretical calculation done by a longstanding industrial partner of
ITAM, EXCON company. A part of the test comprised a crossing of
both bridge decks by several formations of pedestrians walking
with various gait frequencies, which aimed to simulate norm-pres-
cribed loading conditions and expected traffic. The comfort of
pedestrians was then evaluated based on the detected bridge
deck acceleration.

Footbr/dges in Pisek during the dynamic loading test
S. Hracov

The 24th annual international conference Engineering Mechanics
2018 took place from 14th to 17th of May, 2018 in Svratka.
Organised by ITAM CAS, it is the main event of its kind in Czechia.
More than 250 experts were present, both from the academic
sphere and professionals. Participants from several European
countries arrived to exchange their experience and knowledge
regarding development of mechanics of solid and deformable
objects, fluid mechanics and thermodynamics, especially in
relation to projects investigated in Czechia and at cooperating
universities around the world. The output is a printed open access
book of conference proceedings with 242 contributions available
at: www.engmech.cz/im/proceedings/.

Institute of Theoretical and Applied Mechanics

SRATCYA On the 19th of September, 2018,
j iR p ITAM CAS organised a Morning
L PLYNARENSKA with PraZska plynarenska, a.s.
(Prague Gas Works). After a brief excurse into the history of our
institute, our guests from the gas distribution company heard
about possible applications of our research activities in industry.
They had the opportunity to view our Prague laboratories as well
as observe a practical demonstration of an experiment related to
a particular contract for a real pipe segment. The topics covered in
the lively discussion during the morning were e.g. present and
future cooperation, existing and potential research topics and
various practical technical problems.

B. Pfechové, M. Sperl

T
¢

A ceremonial event of international importance took place on Friday
21st September, 2018 at University centre of Masaryk University in
Telé — six academic institutions signed a Memorandum of Collabo-
ration. They were represented by the President of the Danube
University Krems, Friedrich Faulhammer, the Vice-chancellor of
Masaryk University, NadéZda Rozehnalova, the Dean of Faculty of
Architecture of STU in Bratislava, Pavel Gregor, the Dean of Civil
Engineering Faculty of CTU in Prague, Jifi Maca, the President of
the Czech National Heritage Institute Nadézda Goryczkova, and
the Director of CET, ITAM CAS Jakub Novotny. The document
contains an agreement on exchange of empolyees, students,
teacher collaboration, collaboration on scientific research, and
the sharing of results of joint research.

On the Czech side, all the institutions have workplaces in Tel¢, and
have been collaborating for several years, e.g. on realization of
summer and winter schools called SCOLA TELCZ, attended by
experts from the institutions and chosen university students.

The aim of the SCOLA TELCZ activity, is not only the strengthening
of relationships between the institutions and the participants, but
also an opinion exchange forum on different approaches and
solutions to specific problems of cultural heritage preservation and
conservation from the point of view of different scientific disciplines.
More information: www.scola-telcz.net

]
=Ef

Signing of the memorandum
J. Novotny

ics of the Czech Academy of Sciences, www.itam.cas.cz, year Il., graphic and preprint

CET.ARCCHIP.CZ
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CTU UCEEB

UNIVERSITY CENTRE
FOR ENERGY EFFICIENT
BUILDINGS

CZECH TECHNICAL
UNIVERSITY
IN PRAGUE

UNIVERSITY CENTRE FOR
ENERGY EFFICIENT BUILDINGS

OF CTU

Research and Development for Sustainable Built

Environment

" The University Centre was established in 2012 as a stand - alone institute of the CTU in Prague
" It was established to streamline the cooperation between university and industry

" Mission: By interconnecting new knowledge across disciplines, we contribute to the application of
results of research and development that are beneficial for individuals, society and also environment.

Faculty of Civil
Engineering

Faculty of Faculty of
Biomedical Electrical

Engineering Engineering

Faculty of
Mechanical
Engineering
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RESEARCH DEPARTMENTS

ARCHITECTURE AND ENERGY SYSTEMS OF INDOOR MATERIALS AND CONTROL AND
ENVIRONMENT BUILDINGS ENVIRONMENTAL STRUCTURE MONITORING OF
QUALITY INTELLIGENT
BUILDINGS

Director of CTU
UCEEB

Assoc. Prof. Lukas Ferkl

Dr. Jan V&elak

MODERN LABORATORIES

Acoustic laboratory

Composite Constructions laboratory

Laboratory of Construction Thermal Technics
Sustainable construction laboratory

Fire laboratory FireLAB

Laboratory of Hydrometeorology and Hydropedology
Energy laboratory LORCA

Solar laboratory SOLAB?2

Laboratory of heat pumps

Laboratory of indoor environment— climate double

] chambre, ventilation systems
= Laboratory of indoor environment— ventilation systems

@

= Laboratory of advanced biomaterials

= Laboratory of personalized telemedicine
Mechanics laboratory

Constructions engineering

Material engineering

Laboratory of electron microscopy

Laboratory of electronic systems

Laboratory of fibre optics

Experimental battery repository

Laboratory of photovoltaic systems and energetics
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UCEEB MICROGRID %{n}

Microgrid
UCEEB)

PROJECTS

Horizon 2020
= Interreg Europe

= National projects

= (TACR, OP PIK, EUPRO I, MPO TRIO...)

= Projects active in 2017:

= 30 grant projects

= 170 projects of contractual research (55M CZK)
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MOISTURE GUARD)

loT PV Forecast

. On-demand research and development

L Cooperation in research and development
= Testing and diagnostics

- Energy saving

L Optimization of operation

L Consultancy in the pre-project stage

. Assessment of projects and

implementations

. Long-term monitoring of buildings
" Qualllty environment |n.bund|ngs. ' . r---- . / _‘4’ ‘:
= Studies for reconstructions of buildings \ mEn ;"; -
. Economical building operation
L Optimisation of energy purchase for
communes
. Training courses for state administration
- and other
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RP3 QUALITY OF INDOOR ENVIRONMENT

= Introduction of RP3 Quality of indoor environment

=  Laboratory of Indoor Environment

= Optimization of indoor environment in low and zero energy
buildings with regard to occupant’s health, comfort and

productivity.

= Team of 14 (5 seniors, 3 post-docs, 6 juniors)

= Laboratory of Inteligent personal healthcare
= Development of personal health monitoring system.

= Team of 4 (1 senior, 2 post-docs, 1 junior)

Paralel test boots

Solar chimney Test bed for domestic air handling units
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REFERENCES - CONTRACTUAL RESEARCH

. Fenix Office Centre — Project controlling of the construction and the system for

controlling and monitoring the operation of a passive building

" Expanding the capacity of the nursery and primary school of Ota Pavel in
Bustéhrad

] Metrostav — green roof research

. Assistance for communes in projects — Dobfi$§, Postfekov, Podolanka, Kadan,

Slany, Kladno, Prague 2, 3 and 7
= Air Navigation Services — air-conditioning of air traffic controller's stations

= Fraunhofer IWK — measurement of construction elements in double climate

chamber

" Ha-Sec — significant increase of energy efficiency of the operation in the heavy

mechanical engineering field using innovative approach

11

S.A.W.E.R.

Solar Air Water Earth Resource

Autonomous device cultivates dry desert into fertile land for crop

cultivation.
= Preparation for the EXPO 2020 world exhibition in Dubai.

=  UCEEB a Faculty of Mechanical Engineering, CTU in Prague:

Development of technology for obtaining water from air.

= Institute of Botany of the Czech Academy of Sciences :

Development of a system for desert cultivation.

=  The device will produce average of 500 litres of water per day

for keeping the green garden of 300 m? size.
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MORE-CONNECT

&)

CTU UCEEB AND RD RYMAROV A. S.
= The goal of the project is to develop a solution advantageous from several points of view:

= Prefabrication of individual elements will allow for cooperation of technology companies across Europe and also

economic savings thanks to repeatability.

Possibility of choosing the reconstruction parameters in a ,One-stop-shop“ online system with immediate

information about the quality of the building and energy saving regarding the financial burden.

Prefabrication of the system and non-disturbing preparation works will significantly shorten the duration of the

reconstruction. Expected construction works on site for reference objects are around 14 days, without the need to

moving out of the object.

fa"" <
JY

BUILDINGS IN HIGH ENERGY STANDARD

= We cultivate the building environment in Czech Republic using model projects.
=  We promote high energy standards (nZEB, passive buildings).

=  We are members of Netzwerk Effizienzhausplus led by Fraunhofer IBP.

Model project- library in Dobfis:
= very concrete and specific assignment
= until autumn 2018 DUR
= Hybrid GEOTABS system

cooperation with Germany
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FDD OF AIR-HANDLING UNITS

= Analysis of historical operation data stored in a
control system.

" Search for faults in operation.
= Rule based analytical system.

= Energy and mass conservation, moist air processes.

Benefits: An example - closed inlet damper

for 2 month in March and July 2015.
» Ventilation failed.

= Improving indoor environment quality. » Wasted approx. 12 779 kWh of
electric energy.

" Savings of energy.

" Decreasing service costs and extending AHU’s

lifetime.

LOCAL AIR HANDLING UNIT WITH TEM

" Experimentally proved practical usability of a

ventilation unit with thermoelectric heat exchanger.

. Local availability of supply air heating and cooling

together with ventilation.

" Supply air temp. for heating up to 35 °C (t, < 0 °C),
for cooling down to 18 °C (att, = 35 °C)).

. At 50 m3/h cooling output up to 200 W (EER 1 up to
6), heating output up to 700 W (COP 2,5 up to 20) —

entire local AHU.
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MANY THANKS FOR YOUR
ATTENTION

University Centre for Energy Efficient Buildings of the CTU

Trinecka 1024, 273 43 Bustéhrad

www.uceeb.cz | infoQuceeb.cz
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|  POLITECNICO DI MILANO

Politecnico di Milano ' >
Galleria del Vento - CIRIVE

Galleria del Vento a Strato Limite e Aeronautica
Boundary Layer and Aeronautical Wind Tunnel
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Galleria del Vento - Politecnico di Milano

The Politecnico di Milano Wind Tunnel

In alto:

la Galleria del Vento
det Politecnico di
Milano nella sede
Campus Bovisa Sud.

In basso:
il render dell'im-
planto.

Above:
Politecnico di
Milano Wind
Tunnel in Bovisa
Sud Campus.

Below:
the render of the
facility.

La Galleria del Vento del
Politecnico di Milano (GVPM) si
distingue per una duplice vocazio-
ne: essere strumento per la ricerca e
nello stesso tempo strumento per
applicazioni industriali di elevato
contenuto scientifico e tecnologico.
E un impianto aderente ai piu
moderni standard tecnologici, per
un'efficiente gestione di stile
industriale, fortemente radicato
nella struttura universitaria del
Politecnico di Milano, che si avva-
le quindi di un know-how scienti-

. fico di larghissimo spettro.

Un altro elemento distintivo della
Galleria del Vento del Politecnico
di Milano & la singolare configu-
razione a circuito chiuso a layout
verticale con presenza di due
sezioni di prova, di caratteristiche
complementari, ottimizzate l'una
per prove di ‘"Ingegneria del
Vento", l'altra per prove di ambito
"Aeronautico".

L'impianto, unico nel suo genere
per versatilita nel panorama
mondiale, garantisce 'offerta di
un vasto ventaglio di applicazio-
ni. La Galleria & equipaggiata con
14 ventilatori posizionati in
parallelo per un totale di 1.4 MW
di potenza.

Un sistema computerizzato di
supervisione garantisce l'esecu-
zione di prove con elevato grado
di automazione, in conformita ai
pil recenti standard di sicurezza e
qualita di ambito industriale.

As is well known, the Politecnico di
Milano Wind Tunnel (GVPM) has a
dual aim, being designed to provide
the highest technological standards
for a wide range of applications. In
addition, its location in the academic
environment of the Politecnico di
Milano denotes a strong commniit-
ment to the scientific approach.
Thus the GVPM represents two
things, being both a purely research
tool and, secondly, a modern instru-
ment for high-technology industrial
applications offering advantageous
reciprocal synergies. Another cha-
racteristic of the GVPM is the spe-
cial closed-circuit configuration,
arranged in a vertical layout with
two test rooms in the loop. The bigger
one is located in the upper part of the
loop and is intended for civil engi-
neering testing (i.e., the Boundary
Layer Test Section). The smaller one
is located in the lower part of the
loop and is suitable for aeronautical
tests (the Aeronautical Test Section).
Due to this unique feature, the
GVPM offers the widest possible
range of test arrangements and
alternatives. The singular facility
layout, achieved with the state-of-
the art technologies, includes a flow
generator array of 14 fans, working
in parallel with a total power of 1.4
MW. A computerised control systent
makes it possible to perform highly
accurate test schedules according to
well developed new quality and
safety standards.




La sezione di
prova maggiore
consente la gene-
razione dello stra-
to limite turbolen-
to in simulazione
di quello associato
al vento terrestre.
Tale sezione &
quindi specifica-
mente dedicata a
sperimentazioni
nel settore dell'in-
gegneria del
vento.

The wider test
section allows the
generation of a
turbulent bounda-
ry layer in order
to simulate natu-
ral wind. This sec-
tion is specifically
suitable for a
wide range of
wind engineering
applications.

Applicazioni di ingegneria del vento

Wind Engineering

Lo studio dell'interazione vento-
struttura ¢ una delle principali
aree di ricerca sviluppate presso la
Galleria del Vento del Politecnico
di Milano. Le grandi dimensioni
della sezione di prova (14x4m),
unitamente alle possibilita di
regolazione del flusso, consentono
di simulare lo strato limite terre-
stre in un vasto campo di rappor-
ti di scala geometrica.

L'impianto & ottimizzato per
prove su modelli aeroelastici di
ponti a grande luce (fattori di
scala 1:100 - 1:300) e su modelli
sezionali di impalcato (fattori di
scala 1:30 - 1:60), per i quali sono
disponibili specifiche attrezzature
di prova. La presenza di un tavolo
girevole (13m di diametro) in
corrispondenza della sezione di
prova consente la riproduzione
con elevato dettaglio di aree urba-
ne per prove su edifici (fattori di
scala 1:50 - 1:100).

Per tali tipologie di prove sono in
dotazione sistemi di misura per
l'acquisizione di distribuzioni di
pressione non stazionarie (pitt di
200 porte) e sonde ad alta risposta
in frequenza per misure di flusso,
oltre alla tradizionale strumenta-
zione di galleria.

L'impianto & attrezzato per prove
su modelli di imbarcazione a vela
tipo Coppa America in scala 1:10
con generazione di "twisted flow"
e con "hardware in the loop" per il
controllo dello sbandamento del-
l'imbarcazione. L'impianto pre-
senta caratteristiche adeguate per
la realizzazione di test su treni ad
alta velocita in scala 1:10 - 1:20 in
relazione all'azione del vento late-
rale e agli effetti dinamici associa-
ti alla turbolenza. Le notevoli
dimensioni della camera consen-
tono, infine, di affrontare le pro-
blematiche connesse alla diffusio-
ne di inquinanti su vaste aree.

Wind-structure interaction is one of
the main topics researched for the
Politecnico di Milano Wind Tunnel
(GVPM). The huge dimensions of
the boundary layer test section of the
GVPM together with the possibility
of flow regulation, permit the genera-
tion and growth of a turbulent wind
velocity profile to match the earth
boundary layer on a large scale.

The GVPM is well suited for perfor-
ming tests on aeroelastic models of
long-span suspension bridges (sca-
les: 1/100 to 1/300). Deck section
model tests (1/30 to 1/60) are also
performed using dedicated tools. A
large turntable (13 m in diameter)
enables complete models (on a scale
of 1/50 to 1/100) of buildings with
an amply detailed surrounding to
rotate in order to vary the wind
incidence angle.

The instrumentation available and
the complete measuring and acqui-
sition systems are the standard
state-of-the art items, plus a high
speed unsteady pressure measuring
system (more than 200 pressure
taps) and a high-frequency flow
measuring system.

The GVPM is highly suitable for
testing sailing boats (in the
America's Cup class). Due to the
considerable dimensions of the test
section, it is possible to test large
models (on a scale of 1/10 and to
operate Twisted Flow generators and
"hardware in the loop" devices to
control the rolling angle of the boat.
Vehicle model testing is also perfor-
med in the GVPM. Trucks and
trains (1/10 to 1/20 scale models)
are tested to investigate lateral wind
effects and turbulence-related dyna-
mic effects. The large dimensions of
the boundary layer test room (35 m
x 14 m x 4 m) are fully exploited for
test models of extensive urban areas
in order to investigate pollution
spread problems.

120

Grazie alle grandi
dimensioni della
camera di prova a
strato limite &
possibile condurre
una vasta varieta
di studi: |'effetto
del vento su edifi-
ci, ponti, veicoli,
imbarcazioni a
vela e cavi tesati.

The large dimen-
sions of the boun-
dary layer tes* sec-
tion allow for a
wide range of diffe-
rent applications:
such as wind
effects on buildings,
bridges, vehicles,
sailing-boats, and
taut cables.




Applicazioni aeronautiche
Aereonautical Testing

Le notevoli dimen-

sioni della camera
di prova consento-
no di provare
modelli in grande
scala e compo-

| nenti in scala 1:1.

The large size of
the test section
provides room for
extra large models
and real-scale
components can
be tested.

Per ogni aeromobile di nuova con-
cezione o soggetto ad una impor-
tante modifica, le prove in Galleria
del Vento costituiscono una indi-
spensabile verifica delle prestazioni
aerodinamiche. La galleria, inoltre,
permette di eseguire prove aeroela-
stiche per lo studio del comporta-
mento dinamico dei velivoli
mediante appositi modelli con rigi-
dezze e distribuzioni di massa
opportunamente scalate rispetto al
vero. La Galleria del Vento del
Politecnico di Milano si inserisce
nella categoria degli impianti per
prove in regime di bassi numeri di
Mach. L'impianto si presta quindi
particolarmente bene allo studio
delle prestazioni di velivoli di aero-
nautica generale o di elicotteri, ma
presenta notevoli potenzialita
anche nello studio di velivoli veloci
relativamente alla loro operativita a
basso Mach, tipicamente in decollo
e in atterraggio. In tutti questi casi,
le notevoli dimensioni della came-
ra di prova permettono di realizza-
re modelli di grandi dimensioni,
ottenendo cosi numeri di Reynolds
elevati. Oltre alle prove su modelli
di aeromobili completi, possono
essere svolti test su singole compo-
nenti (prese d'aria motore, piani di
coda, et¢...).

Any newly-designed (or modified)
aircraft needs to be tested in the
wind tunnel in order to check its
aerodynamic performance.

In addition, the aeroelastic dyna-
mics of the aircraft can be studied
in the wind tunnel.

The GVPM is a low-Mach num-
ber wind tunnel suitable for the
testing of the general aviation pla-
nes and helicopters.

Furthermore, the GVPM can
reproduce low-Mach number
flight conditions (namely take-off
and landing) of several high-crui-
sing speed aircraft.

The capacious test chamber
allows for rather large models and
therefore quite a high Reynolds
number can be accommodated. In
many cases, a full scale aircraft
component can be directly tested
in the wind tunnel (e.g. air inta-
kes, tailplanes, etc).

Nella sezione di
prova aeronautica
& possibile operare
sia in camera
chiusa che in
camera aperta. La
flessibilita dell'im-
pianto rende pos-
sibile un’ampia
gamma di applica-
zjoni.

The aeronautical
test section can
operate in both
closed and open
configuration. The
flexibility of the
facility permits a
wide range of
applications.



Politecnico di Milano Wind Tunnel is
located in Bovisa Sud Engineering
Campus, Giuseppe La Masa Street n. 34,
easily reachable with public transport by
Ferrovie Nord Milano (Bovisa Politecnico
‘Station) orllby Famwe.dello Stato
"villagizzone Station):

Our location (S also €asyito Feachidriving:
from A4 migtomway, Certosa exit, Montece-
neri Street, Mac Mahon Street, P.Castelli
Square (see the map).
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Una apposita attrezzatura permette di misu-
rare le forze ed 1 momenti aerodinamici su
diverse tipologie di oggetti (con o senza atle-
ta), anche a diversi angoli di derapata. Su
questa base possono essere montate diverse
attrezzature atte a rappresentare le condizio-
ni specifiche dello sport in esame.

Per le prove di ciclisti, si utilizza un apposito
supporto che permette la rotazione di
entrambe le ruote ¢, offrendo un'adeguata
resistenza alla pedalata, permette all'atleta di
assumere la stessa posizione che assumereb-
be in gara.

Per gli slittini o 1 bob, ¢ possibile montare
delle appeosite pareti che riproducono la geo-
metria di un rettilineo di pista. Un apposito

apparato permette di sealizzare interessanti

visualizzazioni con fumo, che possono esse-
re ripuese dalle telecamere.

A special testing equipnient allows to measure
aerodynamic forces and monients on variois
kind of spont equipments (both with and
without the athlete) changing also the Yaw
angle if necessary. This platforni can accommo-
date various test equipments fitted to correctly

simudate the particular boundary conditions of

the sport to e tested.
A special bike support allows the athlete to sinu-

late the correct thrust ou pedals bystheaueansof

an adjustable resistance to the back wheel rota-
tion. Both the wheels are rotating. To test luge
and bobsleigh the track geometry is reproduced
using movable panels simulating track borders.
There is a sinoke generator with dedicated lanips
that allows to obtain flow visualizations and
sone cameras Lo record images.

Figura i alto

lo ‘slittinista Armin Zoeggler
in provalsulla apposita attrez:
zatura‘chelriproduce il profilo
della pista olimpica.

Figura in basso:
visualizzazione con fumo sul
casco del ciclista Michael
Rogers.

Figure ‘above:

the luger Armin Zoeggler
testing on the special testirig
with the olimpic track profile.
Figure below:

smoke flow visualization on
the Michael Rogers’'s helmet.

Contatti: POLITECNICO DI MILANO - DIPARTIMENTO DI lNGEGNERIlAziEROSPAZIALE
prof. Giuseppe Gibertini, +39-02-2399-8389, gibertini@aero.polimi.it




Sport
Sport

Le dimensioni della Galleria del Vento del

Politecnico di Milano si prestano ad ospi-

tare prave di atleti con'le relative attrezza-
ture pef svariati tipi di sporfs

All'intefno della camera di pravd, allatleti
sono soggetti alle stesse aziopiaerodinag;i-
che che sperimentano in gdra € passono,
quindi, [valutare gli effetti|aerodinamici
delle diverse attrezzature e dellevdiverse
posture, giungendo ad ottimizzare |a pro-
pria efficienza aerodinamica. '

The wind tunnel test section dimensions
‘allows to test'athletesiof various diseiplintes
with their rage equipitents.

Thé athletes inside the wind.runnel are
subyected: (0 the samelaerodypamics lgads
asint the races. Thus theyean look fof the
best equipiment and. position in order to
optimize their aerodynamics efficicsty

Figura in alto:

il ciclista Magnus
Backstedt In prova sulla
apposita attrezzatura che
parmette di mettere in
sotazione entrambe le
ruote.

Figura above:

the biker Magnus
Sackstedt on the special
1est rig with both turning
whesls.
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Nella camera di prova a strato limite (14x4m)
¢ stato installato un dispositivo, grazie al
quale ¢ possibile generare un'ampia gamma
di profili verticali di velocita del flusso sia in
termini di modulo che di angolo di attacco
(in primo piano nella immagine di coperti-
na). L'ampiezza della sezione consente di
utilizzare modelli di imbarcazione di grandi
dimensioni (scala 1:10) e di provare anche
pit imbarcazioni contemporaneamente. Una
bilancia dinamometrica misura le 6 compo-
nenti di forza e, in parallelo, un sistema di tele-
camere ricostruisce la geometria 3D delle vele
in un ambiente virtuale utilizzabile per la rea-
lizzazione di analisi CED.

Le analisi CED vengono validate con il
dato sperimentale e permettono di cono-
scere il comportamento locale del fluido in
tutta la regione vicino al modello.

La camera di prova ad alta velocita e utiliz-
zata per la realizzazione di test su appendi-
¢l di carena ad alti numeri di Reynolds.

Inn the boundary layer test section (14x4m), the
onset flow can be made to match the desired ver-
tical wind profile in terms of both absolute valie
and direction, using a devoted twisted flow devi-
ce (foreground, figure on cover). The wide
dimensions of this test section make it possible to
test large-scale models (scale of 1:10) or two
models at the same time, 10 investigate blanketing
effects for tactical purposes: A’ six-cormporent
dynamometer balance measures the aerodyna-
mic forces, and a sail detection system simultane-
ously produces a 3D geometry of the trimmied
sail's shape that can be used for CED analysis.
CFD analysis is validate with the experimental
result and than allow to investigate the local flow
behaviour all over around the yacht model. In the
Iigh-speed section, yacht appendages with a high
Reynolds nuanber can be tested.

Figura in alto:

fotomontaggio dell'imbarca-
zione vera e del modeflo 1:12
durante un test in camera a
strato limite.

Figura al centro:
fotogrammetria per il rilievo
delle forme delle vele testate.
Figura in basso:

analisi CFD delle forme rilevate
e visualizzazione delle traietto-
rie del flusso,

Figure above:
photomontage of the real
scale yacht and the 1:12

scaled yacht model during a
yacht test in the boundary
layer test section.

Figure in the middle:
fotogrammetry analysis of the
tested sail shapes.

Figure below:
CFD analysis of the recon-

structed sail shapes and flow
trajectories visualization.
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Imbarcazioni a vela
Sailing Yachts

Le prove in Galleria del Vento sono diven-
tate negli ultimi anni uno strumento di
progetto fondamentale per le tipologie di
imbarcazioni impegnate in regate di alto
livello, dalla Coppa America, alla Volvo
Ocean Race, fino alle derive delle classi
olimpiche. Le tipologie di prova realizzate
sono volte alla ottimizzazione di piani veli-
ci, alla definizione dei tagli-delle vele, alla
regolazione dell'albero e alla ottimizzazio-
ne delle forme delle appendici di carena.
La Galleria del Vento del Politecnico di
Milano e riconosciuta come centro di
eccellenza mondiale nella dinamica delle
imbarcazioni a vela e nell'aerodinamica in
generale. L'alta qualita del flusso e le rilevan-
ti dimensioni della camera a strato limite
rendono questa Galleria la piti apprezzata
per test su imbarcazioni a vela.

In the last few years, Wind Tunnel tests
have become an essential*design tool for
improving performance of sailing yachts
taking part in top-level competitions, such
as the America’s Cup, Volvo Ocean Race,
and all the Olympic classes. Tests are use-
ful for sail plan, sail design, rig tuning,
keel and rudder shape optimization. The
Politecnico di Milano Wind Tunnel facili-
ty excellence in this field as well in general
aerodynamics is world-wide recognised.
The very high standards of flow quality of
the two test sections, the relevant height
and the very large total area of the boun-
dary layer test section, makes of it the most
suitable wind tunnel for sailing yacht
applications.

Figura in alto:

modello di imbarcazione
durante un test in andatura
di bolina in camera a svi-
luppo di strato limite.
Figure in basso:

analisi CFD di modello di
imbarcazione in andatura di
lasco e corrispondente
prova sperimentale nella
camera a stato limite, vista
della camera di controllo
durante il test, fotomontag-
gio di una deriva con bulbo
in camera a alta velocita.

Figure above:

America's Cup Class Yacht
(scaled 1:12} during a
upwind test in the bounda-
ry layer test section.

Figure below:

CFD analysis of a yacht sai-
ling downwind and the cor-
responding test in the
boundary layer test section,
a picture of the control
room and a photomontage
of a keel and bulb in the
high speed section.
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La dinamica del flusso attorno al veicolo ¢
studiata sia con tecniche di visualizzazione
di flusso (vedi figura centrale) sia median-
te misure di pressione sulla superficie
esterna del modello. A queste indagini spe-
rimentali, sono affiancati studi numerici
con codici di calcolo fluidodinamici (CFD)
che permettono di interpretare fisicamente
i risultati sperimentali ottenuti e di realiz-
zare analisi di sensibilita al variare di para-
metri aerodinamici ritenuti significativi
{vedi figura in basso).

Infine, partendo dai risultati ottenuti con
l'estesa campagna di prove sperimentali rea-
lizzate in Galleria del Vento sui modelli in
scala, ¢ stata messaa punto una metodologia
numerico-sperimentale per la stima del
nischio di rib'altamel]to di veicoli (ferroviari
e stradali) investitil da vento laterale:

The fluid dynamics around the vehicle can be
analysed through both flow visualisation devi-
ces (smoke generators - see middle figure) and
pressure taps on the vehicle model surface. For
a better understanding of the physical pheno-
mena experimentally observed, wind tunnel
tests are integrated with computational fluid-
dynamic (CED) calculations - see bottom
figure. These numerical codes also allow to
perform sensitivity analysis of the parameters
characterising  the aerodynamic field.
Moreover, a numerical-experimental proce-
dure has been set up, based on the huge data-
base collected over the years during wind tun-
nel tests, enabling to asses the road/rail vehicle
dynamics when exposed to cross winds and to
evaluate the rollover risk.

Figura in alto:

progetto WEATHER: carichi
aerodinamici' su VAN +
rimorchio. Prove con simula-
zione del vento turbolento.
Figura al centro:

EMUV250: visualizzazione
del flusso.

Figurasinibasso:

EMUV250: analisi CFD.

Figure above:

WEATHER Project:iwind
loads on VAN#+ Trailer. Test
in,botindary layer simulation.
Figure in'the middle:
EMUV250: Filmstrip of
smoke visualization.

Figure below:

EMUV250: CFD calculation,
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Veicoli Stradali e Ferroviari
Road and Railway Vehicles

Le prove in Galleria del Vento su veicoli
hanno l'ebiettivo di studiare il rischio di
ribaltamento associato al vento trasversale.
Le forze aerodinamiche agenti suimodelii di
veicoli in scala sono misurate mediante una
bilancia dinamometrica a sei componenti al
variare dell'angolo di incidenza (angolo tra
la direzione del veicolo e della velocita del
vento).

Al fine di indagare gli effetti di differenti
parametri sulle caratteristiche aerodinami-
che dei veicoli, 1 test sono realizzati in diffe=
renti condizioni.dijflusso_(laminare o con
simulazione di strato limite atmosterico),
per diffecenti numeri di Reynelds, con.sce
nari diversificati -(viadottogarilevato, flat
groundyuscita da galleria, vedt figura in-alto)
e su differenti modelli di veicoli ferroviari ¢
stradali (Pendolino, cisterna, veicoli pesanti,
vedifigurain basso).

Wind twnnel tests on noad/rail vehicles are
ained at evaliating the rollover risk inn cross
wind conditions. During the tests, the aero-
dynamic forces acting on the scaled velicle
niodels as a function of the angle of aftack
between the wind and thewvehicle (the yaw
angle) are measured by medns of a six-cont-
poneint dynamontietric balance.

i order to analvse the effects of the'overall
parameters on_the s aerodynantic forces
actingoii thevehicle, tests-can be capried out
in-different_atniosphenie boundary layer
conditions. (seelext page, top figure), simii-
latifig differciit Reynolds numbers conside-
ring several scenarios (viaduct, enmban-
Kment, flat ground, tunnel exit - see top
road/rail models
(Pendolino train, tank, heavy vehicles, etc.-
see bottom figure).

figure) and vehicle

Figura in alto:

ETR 480: Simulazione
dinamica dell'uscita da
galleria in presenza di

vento trasversale.

Figure above:

ETR"480: Tunnel exit
dynamic simulationin in
cross-wind. conditions.

i R
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Prove su modello sezionale sospeso elasti-
camente ("taut-string") consentono di
determinare la sensibilita dell'impalcato al
forzamento da distacco di vortici ¢ la sua
risposta al vento turbolento. La misura
delle forze aerodinamiche puo essere inol-
tre effettuata tramite l'analisi del campo di
pressione acquisito mediante scanner velo-
¢i multi-trasduttore. La sperimentazione
su modelli aeroclastict sia della struttura
completa (fino a 13.5 m di lunghezza) che
delle torri portanti (fino a 3 m di altezza)
viene condotta in condizioni di vento tur-
bolento con caratteristiche opportuna-
mente scalate per essere rappresentative
delle'reali condizioni operative.

Le Ga-tglff[ei'iS'tiic'h_é-'d'ell",i-'m_'p.ian'f‘() permettos
no la corretta scalatura dello strato limite
atmosferico e dei parametri della turbolen-
za naturale per differenti’ condizioni oro-
grafiche'e di'scala mediante generatori pas-
sividi turbolenza (spires, elementi di rugo-
sita superficiale, ete).

Tests on elastically suspended ("taut string")

sectional models make it possible to analyze:

the deck sensitivity to vortex-induced vibra-
tions and respouse to wind turbulence:

Aeradynaiiic forces nay be alse measured

through analysis of the sunface pressure

recorded using ligh-speed multi-rransducer

pressure-scanners. Experimental tests—on

aeroelastic models of the full bridge itself (up

to a length of 13.5 m) and of the towers (up

to a height of 3 m) are performed in turbu-

lent flow conditions with suitably scaled fea-

tures representing the actual operating con-

ditions. The wind tunnel characteristics and

dimensions enable the orography of the

natural boundary-layer and turbuletice to be

scaled correctly, wusing passive turbulence

generators, stuch as spives and elements rou-

ghness.

Figura in alto:

ponte sospeso sullo Stretto

di Messina. Impalcato multi-

cassone.

Figura al centro:

ponte sospeso sullo Stretto di

Messina, Effetto del traffico

stradale e ferroviario sul com-

portamento aerodinamico.

Figura in basso:

ponte stralfato sul fiume

Adige. Risposta aeroelastica
delle torri di sostegno.

Figure above:

Messina Strait suspended
bridge. Multi-box girder.
Figure in the middle:

Messina Strait suspended
bridge. Effects of the road
and railway traffic on the
aerodynamic behavior.
Figure below:

cable-stayed bridge on Adige
river, Aeroelastic response of
the towers,
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Ponti sospesi e strallati
Suspension and cable-stayed bridges

B L
L'analisi aerodinamica di ponti sospesi e
strallati viene effettuata con prove su model-
li sezionali e su modelli aeroelastici. GVPM
dispone delle competenze per la progetta-
zione e la realizzazione di tali modelli diret-
tamente presso l'impianto. Le dimensioni
della camera di prova e la disponibilita di un
tavolo girevole di grande diametro (13 m)
consentono l'utilizzo di modelli di grandi
dimensioni con; piccoli fattori di scala ed
ovvi benefici in termini di Numero di
Reynolds. I modelli sezionali consentono la
completa caratterizzazione aerodinamica
sperimentale della sezione (Coefficienti
Statici, Flutter Derivatives e Funzioni di
Ammettenza) mediante:
- misura delle forze aerodinamiche con
bilance dinamometriche interne o esterne;
- movimentazione del modello mediante
attuatori oleodinamici;
- generazione attiva di turbolenza.

The_aerodynamic analysis of suspension
and cable-stayed bridges is performed with
tests on aeroelastic and_sectional models.
GVPM offers the know-how for model
design and implementation directly at the
facility. The dimensions of the test section
and the availability of a turntable with a
large diameter (13 m) facilitates the
testing of very large models with small
scale factor and obvious benefits in terms
of Reynolds Number. Sectional models
perntit complete experimental aerodyna-
mic characterization of the deck section
(Steady State Coefficients, Flutter
Derivatives and Aerodynamic Admittance
Functions) by means of:

- measurement of the aerodynamic forces
with internal or external balances;

- model motion with oleodynamic actuators;
- active turbulence generation.

Figura in alto:

ponte sospeso sullo
Stretto di Messina.
Modello aeroelastico
completo in scala 1/300.

Figure above:

Messina Strait suspended
bridge. 1/300 scaled full

bridge aeroelastic model.
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I carichi globali sono definiti usando una
bilancia a sel componenti che fornisce le forze
ed i momenti alla base dei modelli. 11 carico
sulle facciate ¢ valutato attraverso la misura
della distribuzione di pressione superficiale su
modelli in scala. Utilizzando scanner di pres-
sione veloci, sono acquisiti simultaneamente
ad alta frequenza alcune centinaia di punti di
misura per definire sia la componente statica
che dinamica dei carichi. L'integrazione della
pressione superficiale fornisce inoltre le forze
globali sulla struttura. Modelli aeroelastici
sono appositaniente progettati per studiare gli
effetti dinamici dovuti all'interazione fluido-
struttura. La simulazione del vento natunale &
un punto chiave nello studio deglt effetti del
vento stesso; tale simulazione e favorita dalle
rilevanti dimensioni della camera di prova a
strato limite che permette, inoltre, di condur-
re prove suimodelli con ridotti fatteri di scala
(1/50+1/200) e rilevanti dettagli geometrici.

Global wind loads are defined by using a 6 coni-
ponents balance that provides base force and
moments ot models. Cladding loads are evalua-
ted by measuring the surface pressure distribu-
tion on scaled models. Several hundreds of
points can be simultaneously sampled by using
high-speed pressure scanners that define both
static and dynamic loads. Integration of surface
pressure distribution also provides the global
forces on structures. Aeroelastic models are spe-
cially designed for studying the dynamic effects
due to fluid-structure interaction. Simulation of
the natural wind is a key-point for studying the
cffects of the wind itself. The considerable
dimensions of the boundary layer test section
nake it possible to achieve this goal as well as to
conduct tests on small scaled models
(1/50+1/200) with significant relevant geome-
trical features,

Eiguratin alto:

Fieramilano, Nuovo comiplesso
a Rho. Carichi eolici su una
copertura sottile e edifici bassi.
Figura al centro:

progetto CityLife, Milano.
Misura della distribuzione di
pressione superficiale,
Figura'in basso:

Estadio Municipale de Braga,
Portogallo, Comportamento
aeroelastico di una copertura
sospesa.

Figure above:

Fieramilano. New area in Rho.
Wind'loads on a thin large
roof and low-rise buildings.
Figure in the middle:

CityLife project, Milan.
Measurement of the surface
pressure distribution.

Figure below:

Estadio Municipale de Braga,
Portugal. Aeroelastic behavior
of a suspended roof.
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Edifici e Grandi Coperture
Buildings and Large Roof Structures

Gl effetti del vento hanno significativa
importanza nella progettazione delle strut-
ture civili. Lo studio in Galleria del Vento
dell'aerodinamica di strutture come edifici
a grande sviluppo verticale e di grandi
coperture forniscono informazioni per
un‘ottima progettazione e identificano
possibili problemi inattesi. L'interazione
fluido-struttura, infatti, pud manifestare
una risposta dinamica significativa. che
deve essere considerata. La stima del com-
portamento-del vento nelle aree pedonali
circostanti ¢ altresi utile per l'analisi del
comfort dei pedoni stessi. Studi in Galleria
del Vento sono suggeriti in particolare per
strutture di forma unica ed originale.
Inoltre, le prove sperimentali possono
essere integrate con studi numerici (CFD).

Wind effects have a significant importance
in the design stage of civil structures. Wind
tunnel study of the aerodynamics of struc-
tures such as tall buildings and large roofs
affords data for optimum design and iden-
tifies possible unexpected wind-induced
problems; in fact the interactiosn between
fluidcand - structures can result in an
important dynamic response that needs to
be considered = The=definition of wind
levels in pedestrian areas is helpful for
wind comfort analysis, Wind tunnel stu-
dies are especially recommended for struc-
tures with an unusual or unique shape. In
addition, tests may be integrated with
computational fluid-dynamic (CFD) cal-
culations.

Figura in alto:

progetto CityLife, Milano.
Studio in Galleria del
Vento di edifici ad alto
sviluppo verticale.

Figure above:

CityLife project, Milan.
Wind tunnel study on
high-rise buildings.
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La Galleria & dotata di un sistema di misura di
pressione multicanale, per il rilievo della
distribuzione di pressione sulla superficie del
modello, e di numerosi sensori miniaturizzati
per il rilievo dinamico di pressioni con eleva-
tissima frequenza di campionamento.

Rilievi di scia possono essere etfettuati sia con
sonde direzionali (sonde di pressione multifo-
ro ¢ sonde a filo caldo triplo) sia con tecniche
di tipo ottico (LDA e PIV).

E' disponibile un sistema di aspirazione con-
trollato in portata (sia volumica sia massica)
per simulare l'aspirazione del compressore nei
test di prestazione delle prese d'aria.

Un sistema di telecamere permette dimonito-
rare e registrare le prove. Telecamere ad alta
velocita possono essere utilizzate per ripren-
dere fenomeni molto rapidi (quali per esem-
pio l'apertura di'un paracadute freno).
I'modelli per prove dinamiche e aercelastiche
possono essere vineolati'in modo non rigido
con una opportuna sespensione a cavi.

Wind tunnel is supplied whit multiport pressu-
re measuring system well suited to measure
pressure distribution on model surface and with
several high frequency miniaturized pressure
sensors. It's possible to perform wake survey
using both directional probes (multihole pressu-
re probes or three components hot wire probes)
and optical techniques (LDA or PIV).

There is a suction system (controlled both in
volume and mass flow rate) to simulate com-
pressor suction during air intakes testing.

Some digital cameras are used as a security
monitor and to produce an image recordirg of
the tests. High velocity cameras are available to
record images of high velocity phenomenons,
Aeroelastic and dynamically scaled models are
supported by the means of a flexible suspension.

Figura in alto:

sospensione a cavi del model-
lo aeroelastico X-DIA per
prove dinamiche nella camera
di prova chiusa.

Figura in basso:

rilievi in camera di prova aper-
ta dei coefficienti aerodinamici
del velivolo OMA Sud Skycar.

Figure above:

X-DIA aeroelastic modet on
cable mount inside the clo-
sed test section during
dynamic testing.

Figure below:
measurement of OMA Sud
Skycar aerodinamic coeffi-
cients in open test section.
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Applicazioni Aeronautiche
Aeronautical Testing

La Galleria del Vento del Politecnico di
Milano offre una vasta gamma di possibili
prove di ambito aeronautico.

La Galleria ¢ dotata di bilance interne a sei
componenti di diverse dimensioni e fondo
scala. Una apposita bilancia puo essere allog-
giata sotto il pavimento per le prove su
"semimodelli”. La Galleria, inoltre, ¢ com-
pletamente equipaggiata con la pilt moder-
na strumentazione per rilevare la pressione
(anche non stazionaria) sulla_superficie del
modello e per condurre rilievi di pressione e
velocita nelle scie.

I modelli possono essere montati su
diversi tipi di piloni, sia in camera chiusa
sia in camera aperta. La prova in camera

aperta ¢ particolarmente indicata per i

rotori di elicottero.

Politecnico di Milano Wind Tunuel offers a
wide range of acronautical testing applica-
tions, The wind tunnel is supplied with

various six components internal balances of

different dimensions and loads. It's possible
to perform half model tests using a dedica-
ted balance installed under the floor of the
test chamber.

The wind “tmmel is completely equipped
with up-to-date instrumentation  that
allovsifor steady-and unsteady wall pressu-
re measurements and for pressure and velo-
city survey in the model wake.

Several niodel supporting systems are avai-
lable both in closed and open test section.
Open jet wind tunnel configuration is well
suited for helicopter rotor testing.

Figura in alto:
preparazione del modello
di fusoliera di un elicotte-
ro Agusta-Westland per
rilievi di pressione nei
condotti di aspirazione.

Figure above:

model installation of
Agusta-Westland heli-
copter for air intakes
pressure measurements
inside the closed test
section,
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Tensoteci Engineering

Stretto di Messina
Progettazione aerodinamica del Ponte sullo Stretto di Messina.
Aerodynamic design of the Messina Strait Bridge.

Agusta Westland
Prove su modelli in scala e su componenti reali di elicotteri.
Wind tunnel tests of helicopter scaled models and real scale components.

Trenitalia

Fluidodinamica sperimentale e computazionale di veicoli ferroviari e determinazione delle
Critical Wind Curves (CWC).

Experimental and computational aerodynamic analysis of railway vehicles and evaluation of the
Critical Wind Curves (CWC).

Coni Servizi
Prove in Galleria del Vento per la squadra olimpica di slittino.
Wind tunnel tests on behalf of Italian olympic luge team.

RFI Rete Ferroviaria Italiana
Calcolo delle Critical Wind Curves (CWC) di veicoli ferroviari in differenti siti/scenari.
Evaluation of the Critical Wind Curves (CWC) of railway vehicles for different sites/scenarios.

AnsaldoBreda
Studio aerodinamico di veicoli ferroviari finalizzato all'ottimizzazione della geometria.
Aerodynamic analysis of railway vehicles aimed at the optimisation of their geometry.

Luna Rossa
Fluidodinamica sperimentale e numerica di imbarcazioni a vela classe Coppa America.
Experimental and Numerical Aerodynamic study for an America's Cup sailing yacht.

ORC

Fluidodinamica sperimentale e numerica per il sistema di stazza internazionale (IMS) di
imbarcazioni a vela.

Experimental and Numerical Aerodynamic Study for the International Measurement System
(IMS) of sailing yacht.

Maire Engineering
Aeroelastica della copertura della Pinacoteca del Lingotto a Torino (Tappeto Volante).
Aeroelasticity of the roof of the Picture-gallery over the Lingotto in Turin (Flying Carpet).

Vulcanair
Prova delle prese statiche di aspirazione del velivolo Mission.
Wind tunnel tests of Mission aircraft's air intakes.

Selex
Prove in Galleria del Vento del paracadute di recupero dell'UAV Falco.
Wind tunnel tests of recovery parachute of Falco UAV.

Oma Sud
Prove aerodinamiche del velivolo Skycar.
Aerodynamic tests of Skycar aircraft.

CityLife

Riqualificazione del quartiere storico dell'area Fiera di Milano (Architetti Z. Hadid, A.
Isozaki, D. Libeskind e P.P. Maggiora).

Requalification of the historical site of the Trade Fair in Milan (Architects Z. Hadid, A. Isozaki,
D. Libeskind e P.P. Maggiora).

Redaelli Tecna
Caratterizzazione aeroelastica della copertura sospesa dello stadio di Braga (Portogallo).
Aeroelastic behaviour of the suspended roof of the Braga stadium (Portugal).

Salvi
Prove sui dispositivi smorzanti per il controllo delle vibrazioni eoliche sui cavi.

Tests on damping devices designed for cable aeolinan vibrations control.
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Caratteristiche delle sezioni di prova

Sezione a Strato Limite - Sezione Aeronautica

Test Section Performances

Boundary Layer Test Section - Aeronautical Test Section

La scelta del layout verticale e I'ado-
zione per il divergente di una solu-
zione tipo "wide angle diffuser" con
controllo di separazione a valle
della camera di prova aeronautica
hanno consentito la realizzazione
di un impianto estremamente
compatto, con vantaggiose riper-
cussioni in termini di grandissima
versatilita nella tipologia di prove
offerte e di economicita ed efficien-
za di gestione.

Il ramo superiore del circuito ospi-
ta la sezione di prova a strato limi-
te (14x4m, VMax=16m/s, IT<2%),
con possibilita di simulazione
dello strato limite caratteristico
del vento terrestre (IT>25%),
grazie al grande sviluppo longi-
tudinale (L=35m). Peculiarita di
questa sezione ¢ la dotazione di un
tavolo girevole su cuscino d'aria, di
diametro pari a D=13m, integrato
nel pavimento con possibilita di
allestimento di modelli complessi
(carico Max pari a 100000N) e
gestione automatizzata del cambio
di direzione di esposizione al vento.
La camera di prova aeronautica, il
ramo inferiore del circuito, ha una
sezione di 4m x 3,84m x 6m (lar-
ghezza x altezza x lunghezza) con la
possibilita di effettuare prove sia in
camera chiusa sia in getto libero. La
velocita massima del vento ¢ di 55
m/s con un livello di turbolenza
inferiore allo 0,1%. Esistono due
camere di prova chiuse intercam-
biabili. E possibile quindi allestire
una nuova prova durante il funzio-
namento dell'impianto.

Ciascuna camera & dotata di un
piano rotante circolare del diame-
tro di 2,5m e di un sistema di tra-
versi che permette di movimentare
una sonda a valle del modello per
effettuare rilievi di scia. Sono
disponibili diverse tipologie di sup-
porti per i modelli, dotati di sistemi
di movimentazione per variare
I'angolo di incidenza.

The vertical layout configuration,
together with the "wide angle" dif-
fuser and separation control devi-
ces following the high-speed test
section, had been selected in order
to obtain a compact design.

The smart design and engineering
of the GVPM make it possible to
offer a very wide-ranging test possi-
bility and to achieve a substantial
running economy.

The upper leg of the loop hosts the
Boundary Layer Test Section (sec-
tion 14m x 4, max wind velocity:
16m/s, turbulence index <2%).
The 35m long, constant section
test room enables the setting up of
upstreant active or passive turbu-
lence generators to simulate the
atmospheric boundary layer (tur-
bulence index >25%).

The model to be tested, together
with the related environment, is set
up on a 13m diameter turntable,
included in the wind tunnel floor to
permit computer pre-selected wind
incidence angle change. The max
load on the turntable can stand
100000N.

The aeronautical test section, the
lower leg of the loop, is 4m wide,
3.84m high, and 6m long. It is pos-
stble to perform tests in a closed test
section and in an open jet.

The maximum wind velocity is
55m/s and the turbulence level is
less than 0.1%. There are two inter-
changeable closed test sections; it is
thus possible to prepare a new
experintent while the wind tunnel
is running.

Both closed test sections are equip-
ped with a turntable (diameter
2.5m) and a traversing system
behind the model's location, suita-
ble for making wake measure-
ments. There are several model
supports equipped with a positio-
ning system in order to vary the
incidence angle.
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In alto:

la camera di
prova a strato
limite per le appli-
cazioni civili ed
ambientali.

In basso:

la camera di prova
a bassa turbolenza
e alta velocita per
te applicazioni
aeronautiche.

Above:

the boundary
layer test section
used for civil and
environmental
applications.

Below:

the high-speed
low turbulence
test section used
for aeronautical
purposes.
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La gestione della Galleria del Vento del Politecnico di Milano (GVPM) é
coordinata dal CIRIVE, Centro di Ricerca sull’'Ingegneria del Vento, che
si colloca nell'Area Ricerca e Trasferimento Tecnologico - Servizio
Grandi Infrastrutture del Politecnico di Milano. Il CIRIVE ha diretto le
attivita di progettazione e realizzazione dell’impianto in collaborazione
con i Dipartimenti di Meccanica, Aerospaziale, Energetica, Strutturale,
Elettronica-Informazione e Diiar (ldraulica, Ambientale, Infrastrutture
Viarie, Rilevamento). Attualmente il CIRIVE & responsabile, oltre che
della gestione, anche della continuativa attivita di sviluppo di nuove
tecnologie di misura e di analisi a servizio delle prove in Galleria del
Vento.

Essendo I'lngegneria del Vento di carattere tipicamente interdisciplinare,
e finalita del CIRIVE favorire I'integrazione e lo scambio tra le diverse
competenze e settori di ricerca specifici, quali quello aeronautico, strut-
turale, meccanico, energetico, ambientale ed architettonico.

Il Centro coordina attivita finalizzate a promuovere e divulgare le ricerche
e gli studi nel settore dell'lngegneria del Vento, sia con intendimenti inno-
vativi di ricerca scientifica, sia allo scopo di riportare tale esperienza in
ambito didattico, favorendo iniziative coordinate per l'inserimento di tale
disciplina nei curricula ingegneristici pit idonei.

The management of GVPM is co-ordinated by CIRIVE, Research Centre on Wind
Engineering, belonging to the Area "Research and Technology Transfer - Large
Infrastructure Service" of Politecnico di Milano. In co-operation with the
Departements of Mechanics, Aerospace, Energetics, Structural, Electronics and
Information, and Diiar (Hydraulics, Environmental, Infrastructures and Survey
Engineering) of the Politecnico di Milano, CIRIVE was in charge of the planning
and construction of the facility. It now manages the GVPM and develops new mea-
suring and analysis technology for the Wind Tunnel tests.

CIRIVE aims to distribute the integration and the exchange among different skills
and types of scientific researches, for example aeronautics, structural, mechanics,
environmental and architectural.

CIRIVE manages activities aimed at the promotion and spread wind engineering
research. The object is to propagate this knowledge, thus creating a teaching
method and inspiring an innovation research plan with the aim of adding this sub-
ject in the more suitable engineering curricula.

Contatti

GVPM - Galleria del Vento - Politecnico Milano
E.Mail: windtunnel@polimi.it

Sito Web: www.windtunnel.polimi.it

Direttore del centro: Prof. Giorgio Diana
E-mail: giorgio.diana@polimi.it

Sede:
Campus Bovisa Sud
Via La Masa 34 - 20156 Milano, Italia

Direzione Amministrativa:
Tel +39-02-2399-8073
Fax + 39-02-2399-8081

Area Tecnica:
Ingegneria del Vento
Tel +39-02-2399-8074
Fax + 39-02-2399-8081
Aeronautica

Tel +39-02-2399-8086
Fax +39-02-2399-8081






