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Abstract—The presented paper shows the possibility of using For measurement of properties of a synthetic jedl i3
holographic interferometry for measurement of terapee field in  very suitable, as it shows the temperature didiobuin the
moving fluids. There are a few methods for ideoéifion of velocity area of interest. For measurement of transparefcisb
fields in fluids, such us LDA, PIV, hot wire anemetry. It is very “phase objects”, a Mach-Zehnder holographic interfester

difficult to measure the temperature field in mayfiuids. One of the . . .
often used methods is Constant Current Anemom@GA), which  SEWUP IS usually used. Unfortunately the phase ghas quite

is a point temperature measurement method. Datapassibly ~Small in this type of measurement, thus the sefsitof the
acquired at frequencies up to 1000Hz. This frequestiould be usual interferometer is not sufficient.

limiting factor for using of CCA in fluid when fasthange of
temperature occurs. This shortcoming of CCA measangs should DIAMETER - o
be overcome by using of optical methods such asgnabhic OF BEAM
interferometry. It is necessary to employ a spdo@bgraphic setup
with double sensitivity instead of the commonly didé¢ach-Zehnder
type of holographic interferometer in order to iattthe parameters
sufficient for the studied case. This setup islightt efficient like the

CROSS
SECTION

CROSS

Mach-Zehnder type but has double sensitivity. TiecEl technique SECTION a2 oes2

of acquiring and phase averaging of results fromodraphic /% snitic
interferometry is also presented. The results fitbe holographic — " AR
interferometry experiments will be compared witle ttemperature g

field achieved by methods CCA method. — e v

Keywords—Holographic  interferometry,  pulsatile  flow,

temperature measurement, hot-wire anemometry Fig. 1 setup for double sensitivity digital hologhic interferometry

(BS-beam splitter, SF-spatial filter, H -hologradi, - collimating
I. INTRODUCTION objective, M — mirror, FL-focusing lens, R-referertzeam, O-object

He well-known benefit of holographic interferometry i beam)

the differential character of the method, which nsethat
imperfections in the beam paths do not influeneesthape of ~ Previous experiments [2, 3] showed the usefulnésano
the interference phase field. The main advantageigifal interferometric setup based on a Twymann-Green
holographic interferometry (DHI) is its direct rietval of the interferometer. In this setup the light travelsotigh the phase
interference phase from the d|g|ta| h0|ogram []ﬂtWo ObjeCt tWice, which brings the double SensitiVifythE Setup.
holograms are captured and the phase is extramed foth However, the setup is more complicated to adjudtiamot so

of them the interference phase modulm i8 obtained by light efficient; energy is lost mainly in the beasplitter BS2
subtracting those phase fields. (Fig.1). There are many conditions that must bésfsed or

else the functioning of the proposed setup is matsible.

) Im(hl(mn)), . Im(hz(mn)) ) Another problem is the frequency of_ th_e phenometorur
#.(mn) —arctanRe(Tmn)) #,(m n)—arctanRe(Tmn)) case of the frequency of the synthetic jet was ¥5B¢cause
we required the high resolution in the measured are were

forced to use a 5Mpix camera cropped to 2048 x 2048s.
Those cameras are still quite slow. The maximurméraate
of AVT Stingray camera in this resolution is apgroately 6
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another capture is taken. The used camera does this n-1=Kg, (2

automatically. where K is the Gladston-Dale constant, which isa@perty of
A 150-mW laser beam (Nd3+:YAG) is divided by athe gas.
polarizing beam splitter BS1 equipped witi2 plates. After  |f the supposed smallest detectable change in phdsster

dividing, both beams are filtered by spatial fi#t&F and then i, fractions oft, the resolution of the measuring system is
collimated by collimating lenses CL. Apertures @adan front  aiter than 1 Kelvin [11].

of the collimating objective ensure a final beamndéter of 50

mm. After collimation, beam O enters beam spliB&2. One

part of the beam is reflected by the beam splitthile the II. EXPERIMENTAL SETUP
second part travels through the measured

A.Synthetic Jets

y s Synthetic Jets [4] are jets of fluid that are geted by
A \ Vi pushing or pulling a fluid through an orifice by eth
: (’) interactions within the train of counter-rotatingriex pairs (in
i '- i ! Area visible by DHI the presented 2D case).

f (a)Z.O

/D[1
CCAP I x/D[1] |
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3 I —

Heating cartrige

Fig. 2 Aexperimental device, system of coordinates and main
dimensions for hot-wire anemometry and holograpftierferometry

object and perpendicularly impinges on mirror M2ere it is -

reflected and goes through the measured object orare. £ 2.20 1

This is the reason why the interferometer has doubl >

sensitivity. Then once again in beam splitter B&# pf the 2.00 w

light is reflected towards the CCD camera and #wsd part (b) -10.00 -5.00 0.00 5.00 10.00
continues in the direction of collimating objecti@2. Beam x/D[1]

tagged by R (the reference one) after collimat®meiflected

by mirror M2 towards the CCD camera and goes thmoug Fig. 3Mean velocity in x (a) and y (b) direction. The ity is
beam splitter BS2; both beams impinge the CCD sefinsm acquired at z/D=1.2 (a) and z/D=8.5 (b). Mean \igjaat z/D =1.2
slightly different directions. The camera and tlyatbetic jet seems to be smaller due to occurrence of the suctio

are synchronized. There is the possibility to getthe time

delay of the capture relatively to zero. The wistestion of ~ These vortex pairs move with a velocity U that mbe
the delay time helps to distribute the samples lgguaer high enough to prevent interaction with suctiorthie orifice.
the whole period. For every phase ten holograntajsured. Vortex pairs develop and dissipate and the SJHeasttaracter
The phase calculated from those holograms is aedrag©f a free jet when it is far enough from the endtwf orifice
The digital hologram sequence is evaluated by serimatic  (Se€ Fig.2). The time-mean mass flux of the flovthie orifice
software. Before the experiment can begin, the fisbogram is zero, and so these devices are often calledreirmass-
has to be recorded which then serves as a refestatee (in  flux jets. Though the nozzle works with zero-netssdlux,
our case it was a picture of the measured arear tineldeated the momentum in the z-direction is non-zero. Sytthgets
surface without the impinging jet). The phase défee have many promising applications such as contrgrohary
obtained by comparison of the reference hologramh te flows [5] and are a valuable alternative for coglimeating
measured holograms is dependent on the refraatigexin applications [6, 7].Based on the papers [8, 9], dheillating
field distribution.Our main concern in measuring ynthetic character of the so-called synthetic impinging(§#it)) is used
jet is not the refractive index field distributiobut the to enhance the heat transfer process. The SIJ ocesithe
distribution of temperature. The value of this pbgsquantity advantages of impinging jets and zero-net-mass-flux
is determined by the effect it has on the refractidex field. (synthetic) jets: the impinging jets achieve a higat/mass
The key quantity is the density of the gas. Its relation to transfer onto the exposed walls and the synthetis are
refractive index n is given by the Gladston-Daleatipn: generated by
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Fig. 4 Example of development of velocity in z difen in time (a).
At z/D over 40 the jet has a character of contirsjett Comparison
of temperatures achieved by holography interfergn{eblid lines)
and hot wire anemometry in CCA mode (doted linég)2=0 (b).
The results from DHI show the average temperatitf@mthe slot
length. The HWA results are achieved at x/D=0.

relatively simple actuators — neither blowers raidf supply
piping are needed. It is worth noting here thatdheillations
cannot enhance impingement heat/mass transfer atitatty;
the effect can be sometimes
decreasing (or negligible) — e.g. [10]. For
understanding of the process, the temperatureeofethmust
be precisely measured.

B.Hot wire anemometry experiments

Figure 2(a) shows a schematic view of the actuedmity
and the configuration tested in this study. Theuaicir
consists of a cavity which is equipped with an &ngt slot
(length L was equal to 50mm; width s was equal .®m;
corresponding characteristic diameter D was equa mm)
and a pair of electrodynamically actuating diaphragunning
in opposite directions (diameter DD was equal torsi;
originating from two ARN-100-10/4 loudspeakers adrdeter
94 mm, with nominal electrical resistanc&4 The orifice is
oriented vertically upwards. The working fluid is.a

Vol:5, No:11, 2011
(b)

field was simultaneously measured with holographic
interferometry. Dantec 55P14 90°-wire probe opatatin
constant temperature mode was used to measureityeloc
magnitude; a

Dantec 55P31 resistance thermometer, 1 micron wire,
operating in constant current mode was used to umeas
temperature. The sampling frequency and numbeniwiptes
were 1 kHz and 4096, respectively.

The phase averaging of the velocity, temperatuck terat
transfer coefficient during one cycle was carriedl loy means
of a decomposition of the quantity. For examplehimcase

28
27

26

2D

w

22

Fig. 5 Average temperature within the slot len@hapshots at
different t/T achieved by digital holographic irfemometry. The
development of the jet is clearly visible from figu

increasing or sometimes ) N _
a tretteOf the velocity decomposition, u = U + ¥ u’, where U is the

time-mean velocity, U is the periodic phase-locked
component, and u’ is the fluctuation component rgsented
by RMS velocity fluctuations). Taking into accoutte
pulsating velocity character at the actuator ceifipositive
(extrusion) and negative (suction) flow orientaiomwere
assumed and the velocities during the suction strakre
inverted to reflect the flow direction.

In order to determine the value of the temperabyr€CA,
the correction taking in the account the velocigs hbeen
carried out.

Il.  RESULTS

It is necessary to consider velocity and tempeeafietd to
be 2D in the x direction for correct measuremersisg the

The OMEGALUX CIR-10301/240V Cartridge Heater waspH|. For this purpose, velocity profiles were measbin the
equipped with K-type thermocouple and placed ihtotiolder  x direction (y/D=0; /D = 8.5) and in three sectidn the y
tube inside the actuator cavity. The temperaturet® girection (x/D=-4, 0, 4; z/D=1.2). The results ohet
cartridge heater (J has varied between 50-200°C andexperiments are shown in Fig.3. The results shdatively
controlled by a connected PID regulator during expents. good 2D character of velocity field. Deviation oflecity at
The uncertainty of the set temperature of the wadbs less y/p=0 and z/D = 8.5 is less then 2%.
than 0.2°C. Resullts for:¥50°C are presented in this paper to Figure 4(a) illustrates the development of thedfltpuff’
show the sensitivity of the DHI method. The inpetmer of oyt of the actuator and the development of theecgtiape
the loudspeakers was set to 4W, the frequency ef thwhich starts from being almost symmetrical in thefice
oscillations was set to f = 1/T = 15Hz. plane, z equal to 0). The figure also shows thesise of the

The velocity field and the temperature field in theinity  phase shift of the maximum velocity during advetidhe

of slot were measured by a Dantec Stream Line Syst#h  range of the actuator suction is approximately etjual to
two CTA modules and one CCA module. The temperature
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2.5, further downstream only a positive orientatmmthe z
velocity component exists during the actuation eydfrom
this experiment the Reynolds number was establisked
Re=1570.

Figure 4(b) shows the time development of the teatpee
measured by digital holographic interferometry ydd = 0).
The results from CCA experiments (at y/D = 0 and %/ 0)
are shown for comparison

Figure 5 shows a temperature fields acquired by.OHe
pictures correspond to different time of the cytl€. The
development of the 2D structure is clearly visilbtéllustrates
the development of the temperature field. The pwsiand
development of large coherent structures, whicli fpafm the
orifice, is evident.

IV. CONCLUSIONS

The presented paper compares two experimental agtho
hot-wire anemometry and holographic interferométoyn the
point of view of measurement of an unsteady tenipsza
field.

Digital holographic interferometry can record thénole
(2D) temperature field at once with a frequency tedimited
only by the parameters of the CCD camera used.

Unfortunately, the method integrates the phase gian
the propagation direction of the ray on the enpiath of the
rays going through the measured area. This phenmmesin
easily spoil the measurement as in each plane peiqéar to
the direction of propagation the phase distributan be
different. Digital holographic interferometry is ryesensitive
to noise and needs a sophisticated procedure dtwiase to
evaluate the results. The presented results shegilplity of
implementing a phase averaging method into theuatiah
software used. The next step it the developmerit lvelthe
full 3D digital holography. The needed algorithnme aow the
point of investigation. Hot-wire anemometry bringth it the
possibility of simultaneous measurement of différen
guantities such as temperature and velocity oefample the
heat transfer coefficient, or shear stress. Thepewmnt is
ready to acquire data with frequency of up to heddrof kHz
(kHz in the case of temperature measurement). Heméwo
disadvantages are also evident: (1) The probe itgiteupport
disturbs the velocity and temperature field, (2) nkeds
correction when the temperature and velocity fielle
measured together and (3) It is necessary to sawbe probe
at a number of points, which is time consuming axridemely
demanding to sustain the equal conditions durireyvimole
period of measurement.
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