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A simple manualy adjustabé hydrostatt cell for electromagneticultrasoni¢ and photoacoustic
studies in absolué pressue ranges from 40 kPato 5.5 MPa is described The cel consiss of two
3-mm-thik quarkz windows enclosimgy a 1.3-cm-diametehole bored throuch a2.54-cm-log cube
block of stainles steel Four 3-mm-diamete counterbord and taper-threads holes on the cube
walls provide minimally intrusive chemicaly inert ports for temperatue and acoustichmonitoring.
Pressue is easily varied within the cell by mears of a stainles steé threadé shaf with an O-ring
sed at the end situatel inside amatchel internally threade housing An exampe of photoacoustic
waveforns acquirel unde conditiors of varying hydrostatt pressue is provided. © 1999
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I. INTRODUCTION

Invasive monitoring of cardiac chambe pressurs is a
cornerstor of moden intensiwe care medicine Monitoring,
however requires the insertion of a pressue senso into the
heat ard the pulmonay veins A recenfwell-receivel study
has raisal questiors as to whethe the risk of monitoring
outweigls the beneft of the damacquired As such asearch
has begun for a new technoloy which may be usel to moni-
tor cardia pressure noninvasively tha is, without direct
physicd contat¢ betwee the monitoring senso ard the
blood within the heart?> Additionally, gaug pressurs on the
orde of kiloPascas or less are of gred significane in pro-
cesss as differert as the systolc reduction of echogenicity
of contras enhancemenin the left ventricle of the heart®
and the complex aggregatia of human plateles observe in
vitro.* The cel describe below has been designe for pre-
cisely sud researchMany previous articles have described
the design challengs ard ingenuilyy necessar for high pres-
sure experimenth apparatus. However the desigqn of por-
table convenient-to-operat apparats usefd in modest
vacuun ard lower ard mid-(gauge pressue ranges (from 40
kPa to 5.5 MPa absolute, with flexibility in probe ard de-
tection mechanism (i.e., ultrasonics lightwaves micro-
waves presers its own se of technicé challenges.

Il. DESCRIPTION OF APPARATUS

As Crippa so prescieny states “Experience and seren-
dipity are the two pillars of [photoacoustitcel design.”®
Therefore since the cell was to be initially useal for photoa-
coustt work, it was modelel after the classc cel of Patel
and Tam! A sketd is shown in Fig. 1. The chambe body
was bored out of a cube of type 303 stainles steel The bore
was 1.3 cm in diameter ard 2.54 cm in length The surface
of the bore was smoothé by the boring proces but not
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further polished The windows of the chambe were 3 mm
thick, 25-mm-diameteanneald quarz with a coatirg to re-
duce reflection neopree O rings were usal betwea the
guarkz window ard the end surfae of the chamberThe lig-
uids in the chambe were consequenyl expose to stainless
stee) coatel quartz Teflor® (due to the flexurd supporting
membes to be discussd later), neopreng and brass The
presene of bras was due to the pressue gauge—cleayl a
stainles ste¢ gaug could hawe als been used.

Fou 3-mm-diamete holes passd throuch ead of the
remainirg four faces of the cube into the cel chamber The
holes were counterbord to a width of 8 mm and taper-
threade externally The acousticgl temperatureand pres-
sure sensos as well as the pressure-varyigdevice (the “pis-
ton”) were attachd to the cel body using adaptes that
matal the devices to the threadd holes The piston itself
consisté of a stainles steé threadd shat with an O-ring
sed at the end the shat was situatel inside a matche inter-
nally threade housing Due to the nea incompressibiliy of
liquids, relatively large pressure could be applied to the
chambe with only a few turns of the handk of the piston.
Although the cell was nat designe for high pressuresa test
run reveale tha the cel retainel pressurs up to 5.5 MPa,
when the thin cel windows cracked Clearly, if highe pres-
sure ranges were desired thee could be achievab¢ with
thicker windows.

Air bubbles were removeal from the chambe by setting
the chambe on its side removirg one of the chambe win-
dows and screwirg the piston down into (towards the
chambe as far as possible A long hypodermé needé was
then usel to inject liquid into the inlets of the pressue gauge
and the piston (therely removirg pockes of air which would
otherwig hawe remaine if liquid had simply been poured
into the chambey and to fill the chambe itseff with liquid.
Once the chambe was filled with liquid, the piston was
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FIG. 1. Photoacousti pressurizatio cel (A), also showirg pressue gauge
(B), stainles steé housirg (C), thermista (D), pistan (E), pistan bore (F),
quartz windows (G), gaskes (H), and hydrophor (1).

gradualy drawn to its extendd position while simulta-
neousy addirg more liquid to replae that which was pulled
into the piston bore Finally, the window was replace while
carefully ensurirg that no air bubbles slipped undernedt it
before tightening.

Vacuun pressure could be achieva in the chamber
simply by replacirg the window without drawing the piston
to its extendé position Onae the window was replacedthe
pistan could be drawn bad out, suckirg liquid out of the
chambe as it moved and leavirg the remainirg liquid at a
lower pressureAn estimate 40 kPa absolué pressue was
achievab¢ in this fashion.

The hydrostatt pressue gauge utilized for experimental
purpose was asimple diaphragm-typ dia gauge capabé of
indicating pressure betwea 0to 2 MPa abowe atmospheric.
The use of a Bourdon-tule gauge would hawe been inappro-
priate as the large air pocke in the tube of the gauge would
hawe been difficult to eliminate In the final tess to determine
pressue ranges of the cel itself, a0-6 MPa gaug was used.

As with the pressue gauge ancillaly instrumentatia for
the cell was dictatel by the requiremerg of our experiments.
The thermista was Teflor®-coatel with +0.1 °C accuracy.
The hydrophore was aspot-polel reflecta type hydrophone
manufacturd by Specialy Engineerig Associats of So-
quel CA. This hydrophom has aflat, circuler tip abou 2.4
mm in diameter It was not a pressure-compensateevice—
pressue compensatio would be recommende for work at
the mid- and higher-pressu ranges of the cell.

The front surfae of the hydrophor extendée approxi-
matel/ 5 mm into the chamber The hydrophom was housed
within a Teflor® tube of approximate} 6-mm-outsie diam-
eter, which was slightly large than tha of the hydrophone.
The hydrophore was gently insertal into the tube and a
stainles ste¢ Swageld ferrule was placal over the assem-
bly. The ferrule was tightenal by a nut as the assembt was
threade into the photoacousti chamber Ferrules of more
elastt materia) such as PEEK, KEL-F® [PEEK and KEL-F®
are both different types of high performane plastics PEEK
stand for polyetheretherketonavhile KEL-F® is a fluoro-
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FIG. 2. Experimenth setup Nd:Yag lase (A), Pellin—Broca prism (B),
focusirg lens (C), hydrostatt pressue gaug (D), thermocoup (E), ohm-
mete (F), hydrophor (G), photoacousti chambe (H), 1 GHz digital stor-
age oscilloscog (1).

chemicéd produd also known as CTFE (chlorotrifluorethyl-
end] or Teflor®® might have deformel as the nut was tight-

ened which would have mear tha the ferrule would have
had to hawe been replacel ead time the hydrophoe was
removel from the chamber However sud materiab might

be considerd in future work to redue the risk of damage
due to overtightening A numbe of othe mountirg mecha-
nisms were tried, as for instance an o-ring type assembly,
however thee mouns eliminated the signd from the hydro-

phore as som as ary clampirg took place (i.e., as som as
the hydrophor was tightenel into the holder, but before any
pressue was applied to the cell). It appeas tha the long

Teflor® tube applied smalle and more eveny distributed
forces per unit area than the othe types of mouns tha were
tried. To avoid excessie crimping on the fine wires of the
thermistor a Teflor® tube configuratio similar to that of the
hydrophor was used.

The tip of the hydrophom was extraordinariy sensitive
to damage even threadirg a simple o ring onto the hydro-
phore could damag it beyord repair A 3-mm-thidk Teflor®
washer slightly large in interior diamete than the hydro-
phone ard slightly smalle in oute diamete than the 8-mm-
counterbord hole, was insertal at the sides of the hydro-
phore hole in the photoacoust chamber this inset proved
to be very helpfd in eliminating scratche ard othe damage
to the hydrophor as it was pusha into the chamber It
shoutl be noted tha dama@ during mountirg can occur
which will resut in the hydrophorm showirg anormd signal
at atmosphed pressurgard no signd at gaug pressurs of
only a few kPa.

A problem with the hydrophom® mourt was tha the hy-
drophore could not be removel without the possibility of
damage This meart that it was very difficult to try to com-
pletely remove all trace of a solution from the chambeysince
even after carefd rinsing, sorre portion of the solution would
reman in the cracls betwea the hydrophone the Teflor®
tube and the photoacousti chambe wall. Most of this con-
tamination could be removed however by rinsing the cham-
ber ard then suckirg the contaminatio out of cracks and
crevices through the application of low pressue (as previ-
ously described two or three times.

lll. APPLICATIONS

The cel wasiinitially designe and put to use in studying
the effed of pressue on the photoacousti signak of various
solutions The experimenth setp is shown in Fig. 2. The
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FIG. 3. Photoacoustic waveforms of tris(2,2'-
bypyriding rutheniun (1) chloride (126 mJ/pulse;
bean diameter0.422 cm. o.d 0.803 532 nm, 9:1 ac-
etonitrile watep. Gauge pressurs as indicated for the
various waveforms Waveforns are ead the averag of
approximate}l 200 acquisitions.
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lase usal to genera@ the photoacoust signd was a
diffraction-coupl@ Q-switchal Nd:YAG lase with nominal
10 ns pulses operatirg at 10 Hz. Experimen$ were con-
ducted at wavelengts of 532 ard 355 nm. Lase energy
during all runs was standardize at the relatively high value
of 126 mJ pe puls (estimatéel within the photoacoustic
chambe). The lase bean was sert throuch a Pellin—Broca
prism to separat the wavelengths A focusirg lens was
placal betwea the prism and the chamber the average
beamwidh throuch the liquid in the chambe was varied
from 0.36 to 0.6 cm.

Photoacousti signat from the hydrophor were ac-
quired by aLeCroy 1 GHz digital storage oscilloscop (up to
1 sampek point ead nanosecod on single sha mode. Sig-
nals could be averagd over up to 1000 wavefom acquisi-
tions The wavefom acquisition triggered by the rising am-
plitude of the wavefom itself, no externa triggering was
supplied Wavefom data was stored on 3.5-in.-floppy disks
in ASCIl compatibé with MATLAB ™ via an onboad high
densiyy 3.5-in-floppy disk drive (DOS formap. The stored
waveforns were imported into MATLAB ™ and therely fur-
ther analyzed Resuls from an experimen for a solution of
tris(2,2 -bypyriding ruthenium (Il) chloride are shown in
Fig. 3. Here the magnituek of the amplituce of the first,
compressive portion of the wavefom is directly propor-
tiond to the amoun of “prompt’’ (i.e. below the experi-

180 200

mentd integratian time of the hydrophong hed releasd into
the solution The resuls mug be evaluate with caution as
some hysteress was experiencd in the hydrophom output.

Future work will involve further photoacoust experi-
mens with various hydrophonesas well as experimens in-
volving ultrasourd and microwaze signals.
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