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Summary: In the paper the intermittency analysis of the jet in cross-flow mixing zone is 
presented. Both jet in the nozzle orifice and incoming cross-flow were low-turbulent. The 
modified TERA method was adopted to distinguish laminar – turbulent local nature of the 
signal. Detailed analysis of the entire signal as well as laminar and turbulent fractions 
was carried out. Presented results include intermittency coefficients and other signal 
characteristics distributions. 

 

1. ÚVOD 
3�HGNOiGDQi SUiFH QDYD]XMH QD S�HGFKR]t SUiFH QD WpPD H[SHULPHQWiOQtKR Y\ãHW�RYiQt

interakce paprsku s S�tþQêP SURXGHP� NWHUp Y]QLNO\ QD QDãHP SUDFRYLãWL� 1�NWHUp ] nich jsou uvedeny 
v seznamu literatury. 

V centru zájmu jsou v SRVOHGQt GRE� RWi]N\ PtãHQt WHNXWLQ\ ] paprsku s tekutinou z S�tþQpKR
SURXGX� (IHNWLYLWD UR]SW\OX WHNXWLQ\ SDSUVNX GR S�tþQpKR SURXGX Yê]QDPQ� ]iYLVt QD VWUXNWX�H

SURXG�Qt Y REODVWL PtãHQt� S�tWRPQRVWL D WRSRORJLL ODPLQiUQtFK WXUEXOHQWQtFK D LQWHUPLWHQWQtFK

SRGREODVWt� ,QIRUPDFL R WRPWR P$åHPH ]tVNDW SRPRFt UR]ERUX LQWHUPLWHQFH VLJQiO$ ]P��HQêFK

v REODVWL PtãHQt� 3URWR MVPH WXWR SUiFL Y�QRYDOL ]PDSRYiQt LQWHUPLWHQFH Y oblasti míšení. 

2. POPIS EXPERIMENTU 
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3. METODIKA VYHODNOCOVÁNÍ INTERMITENCE 
3UR DQDOê]X LQWHUPLWHQWQtFK VLJQiO$ H[LVWXMH YHONp PQRåVWYt PHWRG – MHMLFK S�HKOHG E\O SRGiQ

QDS�� Y >�@� 9 QDãHP S�tSDG� E\OD ]YROHQD PRGLILNRYDQi 7(5$ PHWRGD XYiG�Qi Y >��@� 0HWRGD

VSRþtYi Y Q�NROLND SRVWXSQêFK NURFtFK� -DNR YêFKR]t VLJQiO MVPH SRXåLOL þDVRYRX SRVORXSQRVW PtVWQt
SRGpOQp VORåN\ U\FKORVWL� 

Nejprve se signál filtruje hornopropustným filtrem tak, aby se odstranila stejnoVP�UQi VORåND D

Qt]NRIUHNYHQþQt VORåN\ VLJQiOX� 9 QDãHP S�tSDG� MVPH SRXåLOL KRUQRSURSXVWQê %XWWHUZRWK$Y ILOWU

s frekvencí nastavenou na 30 Hz. Tato frekvence zhruba odpovídá frekvenci fluktuací rychlosti 
spojenou s YêVN\WHP QHMY�WãtFK YtU$� NWHUp PDMt YHOikost srovnatelnou s UR]P�U\ VP\NRYp REODVWL� 

Z WDNWR XSUDYHQpKR VLJQiOX VH XUþt GHWHNþQt IXQNFH SRPRFt Ä]FLWOLY�Qt³ Y]KOHGHP N vysokým 
IUHNYHQFtP� 7RKR VH GRVDKXMH þDVRYRX GHULYDFt D GDOãtPL PDWHPDWLFNêPL ~SUDYDPL� 9 QDãHP S�tSDG�

MVPH SRXåLOL GHWHNþQt IXnkci ve tvaru |u . �X � �W|, kde u MVRX IOXNWXDFH SRGpOQp VORåN\ U\FKORVWL� 

.OtþRYê Yê]QDP Pi SUDKRYi KRGQRWD GHWHNþQt IXQNFH� NWHUi UR]OLãXMH PH]L ODPLQiUQt D

WXUEXOHQWQt SRYDKRX VLJQiOX� %\OR ]MLãW�QR� åH þDVRYp SU$E�K\ SRGpOQp VORåN\ U\FKORVWL PDMt Y celé 
REODVWL XUþLWp VSROHþQp U\V\� %\O SURWR QHMSUYH DQDO\]RYiQ VLJQiO ]P��HQê PLPR REODVW PtãHQt� NG\

VLJQiO PXVt PtW ODPLQiUQt FKDUDNWHU� 3UDKRYi KRGQRWD GHWHNþQt IXQNFH E\OD SRWRP ]YROHQD SRQ�NXG

Y\ããt� QHå MH ~URYH� WDNWR Y\KRGQRFHQp GHWHNþQt IXQNFH� 

Výsledkem je indikátorová funkce, která nabývá hodnot 1 v oblasti turbulentního signálu a 0 
v REODVWL ODPLQiUQtKR VLJQiOX� 3�L XUþRYiQt GHWHNþQt IXQNFH E\O\ Y\ORXþHQ\ ODPLQiUQt L WXUEXOHQWQt

~VHN\� MHMLFKå GpOND E\OD NUDWãt QHå þDVRYi SHULRGD RGSRYtGDMtFt SU$chodu nejmenších turbulentních 
YtU$� 

6RXþLQLWHO LQWHUPLWHQFH � SRWRP Y\MDG�XMH SRP�UQê SRGtO WXUEXOHQWQt þiVWL VLJQiOX Y celém 
VLJQiOX� 3$YRGQt VLJQiO E\O SRPRFt LQGLNDþQt IXQNFH UR]G�OHQ QD ODPLQiUQt D WXUEXOHQWQt þiVW� 3RWRP

E\O\ Y\SRþWHQ\ VWDWLVWLFNp FKDUDNWHULVWLN\ MHGQRWOLYêFK þiVWt VLJQiOX� MDNRå L FHOpKR VLJQiOX� -HGQDOR VH

o statistické momenty – VW�HGQt KRGQRW\ D FHQWUiOQt VWDWLVWLFNp PRPHQW\ ��� �� D �� �iGX – tedy 
YDULDQFH� VRXþLQLWHOp ãLNPRVWL D H[FHVX� 7DNp E\O\ ]NRXPiQ\ GpON\ ODPLQiUQtFK D WXUEXOHQWQtFK þiVWt

signálu. 

-DNRåWR DOWHUQDWLYD E\OD SRXåLWD NODVLFNi PHWRGD SUR YêSRþHW VRXþLQLWHOH LQWHUPLWHQFH SRGOH

7RZVHQGD� 7HQ S�HGSRNOiGi� åH VRXþLQLWHO LQWHUPLWHQFH MH QHS�tPR ~P�UQê S�HYUiFHQp KRGQRW�

VRXþLQLWHOH H[FHVX� NWHUê E\O Y\SRþWHQ ] þDVRY� derivovaného signálu. Nastavení metody se provádí 
pomocí analýzy signálu v PtVW�� NGH VH SURND]DWHOQ� QDFKi]t ]FHOD WXUEXOHQWQt VLJQiO� 

4. VÝSLEDKY 
0��HQt E\OR SURYiG�QR Y 5 rovinách kolmých na osu x, pro x/D = 10, 15, 20, 25 a 30 a dále 

v URYLQ� V\PHWULH z = 0. Z G$YRG$ V\PHWULH UR]ORåHQt VWDWLVWLFNêFK FKDUDNWHULVWLN EXGH XNi]iQD SRX]H
jedna polovina rovin x = konst.  

1D REU�� YLGtPH UR]ORåHQt VRXþLQLWHOH LQWHUPLWHQFH Y oblasti míšení. ýHUYHQp REODVWL ]QDþtFt
KRGQRWX VRXþLQLWHOH LQWHUPLWHQFH �  � S�HGVWDYXMt REODVWL SOQ� WXUEXOHQWQtKR VLJQiOX� PRG�H jsou 
]Qi]RUQ�Q\ ]FHOD ODPLQiUQt REODVWL �  �� 7XUEXOHQWQt REODVWL MVRX SRGOH RþHNiYiQt Y oblasti jádra 
SDSUVNX� SRVWXSQ� S�HFKi]HMt GR ODPLQiUQtFK REODVWt PLPR REODVW PtãHQt� 9 blízkosti její hranice se 



nalézá oEODVW LQWHUPLWHQWQtKR VLJQiOX� 7XUEXOL]RYDQê MH WDNp ~SODY ]D SRþiWHþQtP VWDGLHP SDSUVNX�

která se nalézá pod paprskem. 

 

 

 

3UR VURYQiQt MH QD REU�� XYHGHQR UR]ORåHQt VRXþLQLWHOH LQWHUPLWHQFH �T vyhodnoceného podle 
7RZVHQGD� 9LGtPH� åH UR]ORåHQt WRKRWR VRXþLQLWHOH Y SRGVWDW� GRE�H NYDOLWDWLYQ� Y\VWLKXMH UR]ORåHQt

VNXWHþQpKR VRXþLQLWHOH LQWHUPLWHQFH� DYãDN PLPR REODVW PtãHQt GiYi 7RZVHQGRYD PHWRGD

z I\]LNiOQtKR SRKOHGX HYLGHQWQ� QHVSUiYQRX KRGQRWX QDPtVWR KRGQRW\ �� 
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Obr.1 a, b – 5R]ORåHQt VRXþLQLWHOH LQWHUPLWHQFH γ v oblasti míšení v poloprostoru (a) a 
v URYLQ� V\PHWULH �E�� 



Dále uvedeme výsledky vyhodnocených SU$P�UQêFK GpOHN ODPLQiUQtFK TL resp. turbulentních 
~VHN$ TT� +RGQRWD � RGSRYtGi S�tSDGX� NG\ VH GDQê W\S VLJQiOX YH ]NRXPDQpP Y]RUNX Y$EHF

QHY\VN\WXMH� SRWRP GUXKê W\S VLJQiOX Y\SO�XMH FHORX GpONX Y]RUNX� NWHUi E\OD ��V� 5R]ORåHQt

SU$P�UQêFK GpOHN ODPLQiUQtFK UHVS� WXUEXOHQWQtFK þiVWt VLJQiO$ Y URYLQ� V\PHWULH MH XYHGHQR QD REU��� 

Na obr.3 jsou þHUYHQRX EDUYRX ]Qi]RUQ�Q\ REODVWL V SU$P�UQRX GpONRX VLJQiOX GHOãt QHå ���V�

V W�FKWR REODVWHFK Pi GUXKê W\S VLJQiOX QDRSDN YHOPL NUiWNRX SU$P�UQRX SHULRGX� 

Dále QD REU�� XYiGtPH S�tNODG KLVWRJUDPX GpOHN ODPLQiUQtFK D WXUEXOHQWQtFK þiVWt VLJQiOX

v XUþLWpP ERG� �x/D=10, y/D=7, z/D ��� 9LGtPH ]GH W\SLFNp ORJQRUPiOQt UR]G�OHQt SUDYG�SRGREQRVWL
v RERX S�tSDGHFK� 
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Obr.2 – 3URVWRURYp UR]ORåHQt VRXþLQLWHOH LQWHUPLWHQFH Y\SRþWHQpKR GOH 7RZVHQGD 
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Obr.3 a, b – 5R]ORåHQt SU$P�UQêFK GpOHN ODPLQiUQtFK �D� D WXUEXOHQWQtFK þiVWt VLJQiOX 



Dále byla provedena statistická analýza signálu jako cHONX L MHKR ODPLQiUQt D WXUEXOHQWQt þiVWL�

V PtVWHFK� NGH QHQt GDQê W\S VLJQiOX S�tWRPHQ MH QDVWDYHQD KRGQRWD YãHFK VWDWLVWLFNêFK FKDUDNWHULVWLN

URYQD �� 1D REU�� MVRX XYHGHQ\ UR]ORåHQt þDVRY� VW�HGQtFK KRGQRW SRGpOQp VORåN\ U\FKORVWL� QD REU��

MH UR]ORåHQt YDULDQFt D NRQHþQ� QD REU�� MVRX VRXþLQLWHOp H[FHVX Y URYLQ� V\PHWULH� 
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Obr.4 – 3�tNODG KLVWRJUDP$ GpOHN ODPLQiUQtFK D WXUEXOHQWQtFK ~VHN$ 
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Obr.5 a – 5R]ORåHQt VW�HGQtFK KRGQRW SRGpOQp VORåN\ U\FKORVWL NRPSOHWQího signálu 



6W�HGQt KRGQRW\ U\FKORVWL MVRX Y]WDåHQ\ N U\FKORVWL QDEtKDMtFtKR S�tþQpKR SURXGX� 1D

REUi]FtFK � YLGtPH� åH VW�HGQt KRGQRW\ SRGpOQp VORåN\ U\FKORVWL ODPLQiUQt D WXUEXOHQWQt þiVti signálu 
se v LQWHUPLWHQWQtFK REODVWHFK S�tOLã QHOLãt� Y REODVWL SOQ� WXUEXOHQWQtKR� UHVS� ODPLQiUQtKR VLJQiOX MH

QDVWDYHQD KRGQRWD U\FKORVWL GUXKp ]H VORåHN ��  
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Obr.5 b, c – 5R]ORåHQt VW�HGQtFK KRGQRW SRGpOQp VORåN\ U\FKORVWL ODPLQiUQt �E� D

WXUEXOHQWQt �F� þiVWL VLJQiOX 
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Obr.6 a – 5R]ORåHQt YDULDQFt SRGpOQp VORåN\ U\FKORVWL NRPSOHWQtKR VLJQiOX 
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Obr.6 b, c – 5R]ORåHQt YDULDQFt SRGpOQp VORåN\ U\FKORVWL laminární (b) a turbulentní (c) 
þiVWL VLJQiOX 



+RGQRW\ YDULDQFt MVRX Y]WDåHQ\ NH NYDGUiWX U\FKORVWL S�tþQpKR SURXGX� 3RGOH RþHNiYiQt jsme 
Y\KRGQRWLOL GDOHNR Y\ããt KRGQRW\ YDULDQFt SUR WXUEXOHQWQt þiVWL VLJQiO$ QHå SUR ODPLQiUQt� 

Z REU�� YLGtPH� åH ]D ]YêãHQp KRGQRW\ VRXþLQLWHOH H[FHVX Y okolí hranice oblasti interakce je 
]RGSRY�GQi ODPLQiUQt VORåND VLJQiOX� WXUEXOHQWQt þiVW Y\ND]XMH KRGQRW\ EOt]Np QRUPiOQtPX UR]G�OHQt

v celé sledované oblasti. 

5. ZÈ9�5 
Výsledky uvedené v WpWR SUiFL E\O\ ]tVNiQ\ SRPRFt DQDOê]\ þDVRYêFK SU$E�K$ SRGpOQp VORåN\

U\FKORVWL WDN� åH VH ]NRXPi FKDUDNWHU PtVWQtFK IOXNWXDFt U\FKORVWL� 7tP MH WDNp GiQ Yê]QDP WDNWR

]tVNDQêFK YêVOHGN$� 1�NWH�t DXWR�L SUHIHUXMt LQGLNDFL SRPRFt SURVWRURYêFK YODVWQRVWt YHNWRUX

U\FKORVWL� -H VL W�HED WDNp XY�GRPLW� åH LQWHUPLWHQFH ODPLQiUQtFK D WXUEXOHQWQtFK þiVWt VLJQiOX QHVRXYLVt

jednoduše s výskytem tekutiny pocházející z SDSUVNX D S�tþQpKR SURXGX� MDN H[SHULPHQWiOQ� XNi]DO
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Obr.7 a – 5R]ORåHQt VRXþLQLWHOH H[FHVX SRGpOQp VORåN\ U\FKORVWL NRPSOHWQtKR VLJQiOX 

Obr.7 b, c – 5R]ORåHQt VRXþLQLWHOH H[FHVX SRGpOQp VORåN\ U\FKORVWL ODPLQiUQt �E� D

WXUEXOHQWQt �F� þiVWL VLJQiOX 



6. P2'�.29È1Ë 
Práce vznikla za podpory grantu COST OC715.90 podporovaného z UR]SRþWX 0â07 D JUDQWX

*$ý5 þtVOR �������.���� 

 

7. LITERATURA 
[1] Andreopulos, J., 1983, “On the structure of jet in a crossflow”, J.Fluid Mech., vol.157, pp.163-

197. 
[2] Luxa, M., Uruba V., 2000, “Visualisation of Jet in Cross-Flow“, In: Proceedings of colloquium 

Dynamics of Fluids 2000, Praha 24-25 / 10 / 2000, pp.75-76. 
[3] Uruba, V., Mazur, O., Jonáš, P, 2000, „The Instabilities in Jet-Cross Flow Interaction“, In: 

Proceedings of Engineering Mechanics 2000, Svratka, May 15-18 2000, vol.IV, pp 129-134. 
[4] Uruba, V., Mazur, O., Jonáš, P., 2000, “On the Influence of the Cross Flow Structure Interacting 

with a Perpendicular Jet”, In: Book of abstracts of Annual Scientific Conference, GAMM, 
Göttingen, 2-7 April 2000, pp.155-156 

[5] Uruba, V., Mazur, O., Jonáš, P., Hemrle, J., 1999, “On the Unsteady Characteristics of the Jet – 
Cross Flow Interaction”, In: Proceedings of colloquium Dynamics of Fluids ‘99, Praha 19-20 
October 1999, pp.219-224. 

[6] Uruba, V., Mazur, O., Jonáš, P., Hemrle, J., 1999, “On the Jet - Cross Flow Interaction”, In: Book 
of abstracts, EUROMECH Colloquium 391 “Wind tunnel modelling of dispersion in 
environmental flows”, Prague, September, 13-15, 1999 pp.56-57. 

[7] Uruba V., Jonáš P., Mazur O., 1999, “Facility for Experimental Investigation of Jet-Cross flow 
Interaction“, In: Proceedings of Engineering Mechanics ‘99, Svratka, May 17-20 1999, vol.3, pp 
737-740. 

[8] Hemrle J., Uruba V., 1998, “On the Steady 3D Pattern of a Jet – Cross-Flow Mixing Zone“, In: 
Proceedings of colloquium Dynamics of Fluids ‘98, Praha 20-22 October 1998, pp.19-20. 

[9] Uruba V., Jonáš P., Mazur O., 1998, “The Methods of Intermittency Analysis”, In: Proceedings of 
Engineering Mechanics ‘98, Svratka, May 11-14, 1998, vol.4, pp.781-786. 

[10] Uruba V., 1997, “A Review of Jet in Cross Flow Research“, In: Proceedings of colloquium 
Dynamics of Fluids ‘97, Praha 21.-23.10.1997, pp.53-54. 

[11] Zhang, D.H., Chew, Y.T., Winoto, S.H., 1996, “Investigation of Intermittency Measurement 
Methods for Transitional Boundary Layer Flows”, Experimental Thermal and Fluid Science, 
Elsevier, pp.433-443. 


