LOW EM SSI VI TY COATI NG WTH LOWN SOLAR HEAT GAIN
COEFFI Cl ENT, ENHANCED CHEM CAL AND MECHANI CAL

WOEROPERPIES AND METHOD OF MAKI NG THE SAME FI ELBCTOBS20b#£013263
I NVENTI ON [001 ] The present invention relates

Tore particularly to a6k RISTHERN B et ai n

coeffjcient ( ). ("l owg"). and retai ned_or enhanced

nec haJFPr@HPenﬁ?l 32%@%@ or dfangls i ime \ltrgsenicddionnretors angeMethod

I NVENTI ON [002] Al United States Patents and patent
applications referred to herein, including copending

U.S. Application No. FIRIGA®PTEE INVENTREMNi cati on No.

11/ 431,915, U.S. Provisional Application No.

6Q0@A], 008, TheSprdemyirbieaficl iAplatediatd Qhe Mdtering of the structure of
60/ 736,876, and U.S. Provisional Application No. ] :
edihBlsnem 2 pins sHeh E19Y thefudulent yedetions of dhefluideelogity, as measured
th 4 %ﬁﬂgi{ kigld Bffrasddlc ttib%v%ﬂ?@r &’(twﬁs‘m:g}n' Sfla th&%tleq{cg Sc%ﬂhitioner, are
specification, 1 ncluding definitions, w control .

[ 08 1Bdheed. ¢Antused heredn,i refiserars tto akes fpreediit ipegigiod” @ir “invention”

suhstrates are desigped to pernit the passage of .
v!rgia'ﬁl dO1 PYHIPRAY | %'%E?‘g&sflﬁg il MRF eBCEPRYTY alfl afYioEh, embodiment
Hegkontpaabdd By th@BFERNdE@ RERms.) HCTUSE A Y tuPRALdNEFocity variations
on, e.g., architectural glass and autonobile w ndows

cdariliteted the “praysngined tie wltrasanis nietereemndiragpits abldstation against a

Wit h.envirgnnmental control . such heat i and

coBriRg HEREE T BisspRtelBnarh 0 sl A slRenthy ver runs of
prig/prdeer thin i @RsiBleswith thetsameilirisoRitGRetaNshd B¥same prover operating
em ssivity are made up of a stack, which typically

i Natheyethe Jubulonsp genditionsiibst r at e and an opti cal

coating. The stack includes one or nore thin netallic

| ayers, with high
Iomﬁransnissivity}iéﬁgg%gggﬁggﬁﬁégﬂgQEYPpngPECtive

di tric layers.. These systens reflect radi ant heat
a@"?ﬁovi de ﬁﬁ% SACHER oh Itensied i dnteduge e TRatlsr tayarippspspects of the
SQhtafhat aflyabd PDatelfOS! vdrRif ' Pﬂ@ﬂ‘ e i
basedaon ?ranspgfent Eie|§§?§%%§$§fﬁ985§g?g , t?ég Thefbuow#@
t Hischssemsisofitended th prlowuderinforinatien ¢o facditateraelbtien uhderstanding of the

reduce .inside gnd outside re ctance so . that the . .

| PEET pRTLR, Hollhahf i BEUFSade il Rleiniis i ghe following
maisahdsich draY&b& rdd8)in Bs Vightt iad hot 8R¥miRIdne et bMer skt al

such as silver, copper, or gold. Silver (Ag) is nost
frequently used for this application due to its

r hvely - Al : i-refl j o
afsLY T ¥ Sl hlon AR b B RRBIOHES excetigpt repeatabiliy
sehéctabsblote eatharace \inSirhdry t flaws nintdsareheent [ APplications. However,
CbgventLonaL om1en1§%ivihy cog;jngs generally strive .

t Sh3rastRESHSS 1PRYTERCH Bl Ralvrg: of IBFY ReAsEicmants Rresenyrdificulties when
U BRsY in%dtlk @S REFIEMD SR tddYPhardshe HOALIMEIRASE Betroleum products. A
"neutral” color; i.e., is"essentially colorlesSs.

Houstody tramsdenvtekesi place whenwewnérslsip wif taybatabadfi aygpstiéaiat product changes.
provi de the .extrenes of. refl ected lor required for

DO el S e o SRt sy e e AR o o, between the
[ BR@Er Jithaghds egort Al e SgteRler Operties in a coated

substrate, the conposition and thickness of each of

the layers of a nultilayer coating nust be chosen

carefully. For exanple, the thickness of an IR

refl ective layer, such as Ag, nust be chosen

carefully. It is well known that the emssivity of a

Ag | ayer tends to decrease w thjdecreasing Ag sheet

resi stance. Thus, to obtain a |low em ssivity Ag | ayer,

the sheet resistance of the Ag | ayer should be as | ow

as possi ble. However, increasing Ag | ayer thickness

will also cause visible transm ssion to decrease and

can result in colors that are generally undesirable.

It would be desirable to be able to increase visible

transm ssion by decreasing Ag | ayer thickness w thout
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[009] Low em ssivity coatings are described in U S
Pat ent Nos. 4, 749, 397 and 4, 995, 895. Vacuum deposited

WO 00098936 vity coatings containing silver arePCT/US2008/013263
presently sold in the fenestration narketplace.[OOl 0]
U at ent 4. 995, 895 teaches. t se of 3 .
oM a0 Hhiinusey REFRes é‘aﬁtﬁt?%tf%%eogrgsuaeerw to “prove” the
f afetddt Ha€ed itd gstﬁlﬂiﬁﬁeifsa&ﬂhﬁrdtl@w'a%lﬁ%ty 'Bgsindegéhéerﬁ%@aﬂg Provers are
is directed to methods of reduci ng hazé resulting from

e%ﬁi&kh’rdﬂtcﬁs oé Apyed and peesissheestaddo®d y@omel Thevbime required to deliver

MeXo1hk O gfd\}iﬁitc{ﬁ% Hed B/ %I‘%%‘H . %ur?%e%%e%géﬁﬁgle L8 Ssit of a ball

pbﬁp&tdﬂ Pasidd b (fheClﬁaH@d ﬁbine@ﬁe erld 6F thBr&Wr to the other. High speed

No. 4, 995, 895 describes a netal or netal alloy |ayer

mﬁrV@ﬁer xalyespiniiiate dheprovRerus AN bipass 1hﬁ)I§?VQ§fWhWethFdlaéll reaches the
e l..qr

a (? bP Irtg{t/’%b/éll g’ogl%o Isgjé %acgaagg gxgmg%ﬁ e |8-orfe % qver synchromze

Cﬁ&IpmgmchhpSratlléatWﬂlﬂt th‘dcnpeﬂatfbﬁng $Be701(hﬁxlyt]rdmﬁeran€feﬁ—hﬂﬂ meter to be

where a netal  oxide | aye sjted as
AT o Bt ieHS PirpaRt SEngN CRFFGo4 froh SToRy/ cusigpas. The volumeric
behipae mdsired 8 MRCELQEIY AYRSr Ridter Tid %%dltioﬁgf ractlce a turbine or
transm ssion. [0012] Unfortunately, optical g
apeSIfIV‘eQIﬁehtcblgaeldama@e)ddtdmgl thg pSWIQg)nnglsmmmmmtq ﬂg volume of the

R EERRER e YA A AR RRERTOT S SuRRES o7

particularly susceptible to corrosion problens Most
| ow em ssivity stacks in use today nmake use of barrier :
| B95L s onekhis@dsol indstrydagtice tq> povierm 8 setwifsgvarplipover runs—five is
S G I T arF her
| DAL 8 Sk BRP! ARGy BRI Bptoay vt
I H;eeﬁrs Repaatmtleyr iv ap@ rp,etrobeylgle indostrotil arsuﬁlllydlcﬁﬁne(SQﬁEfollows. the

ce d 0 S|cal scrat ching of the | ow
We?brt\g cacthe g]gs IGE Fier Fiors Raramex ot BFovsy runs, divided by
] el Shetérl fcto? Nerbih ﬂhaeyetf ofl rga%aeuhﬁy (b@}r@ statib@t Hbrminology,

For sub-desert areas as wel egions” w t
tange e of wnsel ofgrovilgrungris ennealsmgroftthenamrtatmm@é tlhcomee:r factor as

p”’d“‘:lgﬁ? B T G orthe PEURRP AP AR Bt DY o¥poie Fiepeatabiiey

t BEOIBE, ad NinS WA the PREWRE tindibgtkdl that e Had 9@Sterdfidtor for the custody
bU|Id|ngs i n which such | ow e products are being

ugéreﬁ ferometer ligs Pathin avi: @ 037%dead wif tthe meae met¢rcfiagtor from that run set,
(AmSHId,t e av u

exh| bi t(&a (f‘gigfé‘%e o‘%elﬁ %’ Ia? %C%r th\sjmtég&ng{f% g{ cﬁésé%gﬁl g%andard for

r eddtedyt mancér méusotenreakes t hem | ess aesthetically

appeal i ng, or high shading coefficient, which makes

them i nappropriate for controlling the heat |oad. [001

Sloods| Y fewisiieehshiat |aY1d31¥(§>itiv%bhi% ﬂa@é@h&tgﬁ Ux‘gtet%rs a transit time

conmbi he the desired opti cal proper I es an ha

cokfaort dlow niEtaystoes nat megasust Nblumeeqru flow Iaobdcdntmnausly, but instead

Pt dE R MR R A e TR e e, SpeEaE: Bt ieuric flow rate i

C Q&Ehﬁh@%d ot périsilic iRagiréhaenta bl M tak i A VdIcifit é%r;ﬂrg_fécted onto one
and processing into an insulating glass unit. It

desMoEhHReUsHc pathfowathstdong whish thersansarfines o%mdses of ultrasound are
Ml odu

ChalGe. 1! aHLL%}ééﬁt}g{]nseﬁ%bEQPﬁrﬁ?&e%?nbxlx%dogcgl)rdp%g B %ppropriate

often present a probl em because the set-up

requi renents are not always conpati bl e between the

different designs. It would be glesirable to provide

di fferent coatings that can be produced sinultaneously

on a coater w thout requiring down tine and

nodi fication of the coater |layout. [001 7]

Furthernore, for safety reasons, nore glass is now

being heat treated to increase its mechanical strength

and avoid laceration in case of breakage. This is

especrally true for Iow SHGC products The |ncrease in



em ssivity coatings. [0020] The present invention
overcones the disadvantages seen in | ow e stacks known

WO poovlesdart by i ncreasing the absorption of suediI/US2008/013263
st acks, through the i ntroduction of at least one thin

absqgr Vel s creasi t he absor tion of

ot it (Step@ g JoRhacd i B P2 Ufay et Al ghordal parhs
f @framgwnﬁ asdédigaridesviabs SepificoetBbd b BumbAed isteglgas.e

the overall light transm ttancew thout increasing the

light reflectance. Such increased |light reflectance is

f ntly r obl C It ..0cC .
I R PR Sl SRS O v
apgir apvélatiey ntwi;memerﬁts abaewbloogly mat¢aticalentalos m@sabt@Ading on the
one l. the tra tance color of the coated

onaber Pt REREIeI I s S8 bayeh (BapuBher of paths, and the
| 9@ 8&5&6% Wllﬂlé@%’fﬁh@ﬁletéﬂﬁélf plf&tlﬁfiﬁd Mtede) the flow samples will

infrared reflecting | ayer, and an over
dbypliesdlyr be collgrterd Dwnmr@den‘aogingérctm 5 &D ﬂﬁﬁ rmdlisecanyds; resulting in

o400 TR BRI, wtheOf Al et Rl it aifer from one

S @ltie6nib Midlerafesignhabfisthér. | ayer and as an absor bi ng
| ayer and is referred to herein as an "absorbing

barrier | ayer. The infrared reflecting |ayer is

any ) n f V.

Sﬂﬁﬁéas&@g tqqogﬁ ?“eialg%&[ngﬁt f %ug gtp%)agr?plc Hata fygtem on two

Acomﬂorngly, in an aspect, the invention provrdes a
| ow-em ssivity coating on a substrate, the coating
conprising, in order outward fromthe substrate, a
[ [badordi e’ eqty 1 ¢ i &RInot Frehbir® tnd WISAAE
I a[yer a fi ?s?tr absor b| ng ear rriéer {{J}aye{ye gt&rt:eg&gwgs the pipe cross
di el ectric | ayer secaumelmbndly addngthe dcowstic pathspand ayer ;

a nd absgr bi barrier |la a.third dielectri.c

PO Gna S8 orlBPer o spEsael i ConbREO Gt dhstead takes a
topcoat |ayer is sefgy styedapsRoRMBe RIS HIGHRVIRER it ®termines an
be subjected to tenpering or heat treatnent. In

preferred enbodi #E#Ha8S- a nucl eation | ayer underlies

one or both of the infrared reflecting |ayers. Wile
preferred enbodi nents include the above stack

Cfo¥liipur at | Besausthd theveeprvop@tieqlas@anpitoniing edtraseaicl ME@r responds to

h V|ng a single infrared refl ecting laﬁF& rat her than
WoPhepgmena e fupprleace diffgrerthp Sipmettes metersesgpmonly used for

“@&Ht&d}’ 't‘r%héfgte iR the rp':ettro‘fjéu% Ghddsh, YR s egrﬁdaﬁ?akhey indlvidual flow

nucl eation layer; an infrared refl ectlé)

am;embcmgntbatfrtrmsnl amerultrasm muﬂersli\eillebe raffeetedyley the small scale

and, coat e e coatr s of

Pl i Bibrfen? pBRGSR i 65T BupbSrbERG TiGelYaplaiens are both
0f&1§bdril%nﬁ%E§ﬁdlairﬁl alﬁllﬁﬁﬁfn@d mSGumBhAGst dldeUYHEBiple measurements to
depositing by nmagnetron sputtering. BRI EF DESCRIB
dﬁtmenomw\rrmvw@ee@pwm%@ edyegthetrgndem @rmo@ombunons due to

uhglal r?c%sttoh:]%c mﬁt%%egﬁgegt#ﬁgﬁctggt@?se%ds ﬁo& Yé/ g %Ser’nent meters, on

cthemtﬁerl hadt]r @bpdridt tp the flaech¢ldanae: pibt s bivehddé;a8RBEation of the fluid
i nventi on. 0023! Fi.gure 2 de$rcts an_al ternate

eREBEH B Path angh(imedt FbEreERIN e Appeapf HgirirewontessiQn the other side
s T

| ayers for inproving the properties of the Ag | ayers,
in accordance with the present invention. [0024]
Figure 3 depicts a further enbogi nent of an
aesthetically appealing | owem ssivity stack,

exhi biting | ow SHGC and enhanced nechani cal and/or
chem cal durability in accordance with the present

i nvention. [0025] Figure 4 depicts a still further
enbodi ment of an aesthetically appealing | owemssivity
stack, exhibiting | ow SHGC and enhanced mechani ca
and/or chentcal durabrlrty |n accordance mnth t he

e o, . F A/ - .




whi ch includes nucleation |ayers for inproving the

properties of the Ag layers, in accordance with the
wWEe@9eTo10 nventi on. [0034] Figure 13 depicts aP¢TU51008/013263

enbodi nent of an aesthetically appealing |owemssivity

st.ack, exhibitin w SHGC and ephanced nechani cal .
B SyrEheleriase e Qo g M. BEraacRoNenmefgrement capability
PHeSaNideP¥aRE PR lbBRPald FisEii cdddifierd cts a still

further enbodi nent of an aesthétically appealing

| owem ssivity stack, exhibiting | ow SHGC and enhanced

i cal d/or._chem cal ~durability.in accordance .
W2 e or 298 SR fORRTE, MoKt Ariots psledii e pulses per uni
TAHuhN\VGINTHOh §1G886ds thidughehd (o \wk MBpREY 800 Blses/barrel). The meter
description, reference is made to various specific
efASEIIME A SIVEMbYhi ch the i nvention may be practi ced.

These enbodi nments are described with sufficient detai

to enable those skilled in the art to practice the

i 0ddtion, and it is to be MiRdevaiPod t hat ot her

enbodi nents may be enpl oyed, and that structural and

| ogi cal changes may be made w thout departing fromthe

Spioiuj or seppe of the present invention. [0037] The

present invention provides inproved coatings that

y[0918] | ow emi ssi W tiy thet eddkmetdfahe standard—-the pgoverr—tetawten the two

gain coefficient (SHGC) , .are aest i.cal | ling, . .
and exhi bi t equalpgaﬂtloﬂestwgpescﬁr_@ﬁ?‘gg? "éﬁ% ‘&%‘@ﬁggﬁﬁ@a? Broving run is
durability than tiypheal theoMo®HgSALM IsYd¥EAEK Shrough the prover and
Mor eover, the invention provides products which are

conpati bl e with Pushrsaz halbrasdusten gastdehungtreatpswitch, initiating the
particul ar, for + 8hifti f t.andar d.

coater to a | ow g&g’g% ch \r’j\é@ha%id%%td ?@gﬂﬂ?‘#i b%@n?ﬁ Ristqg} reaches the
ot her changes i n dooak®earh ayieh . Furthernore, gl ass

substrates coated in accordance with enbodi nents of

the invention surprisingly can be tenpered or heat

Sfgeggpt hened wi t hgaitg ttﬁbengrﬁﬁé‘ibépgﬁsésy Bfoﬁﬁ%éqy bgﬁﬁ@ nffl&Nduring the
such processes are used In connection Wt 0

em ssivity coati pgeod W@8bedins wivbo themgpstrsamt dvdtch is actuated (time

present inventio chieves the desired properties of :

| ow- e stacks by inﬁ@rag%\g? g %thggggpﬁf?aghs‘g’%}%‘ﬁé‘ﬁtuated (time T2).
stacks, through the introduction of at |east one thin
absorbing layer, or by increasing the absorption of

ol@0dr7] | ayer §ltrasope mstans deteaninezy Bpw, rafe Reinerglying| wiitsgper second
" or Qi % Ler. yer, - ' for :
 RORCRAAL Bl Hemeh T ulg vEHER, HEERBLEYF herBoqpgtic paths. They
otterefbie thuggentmasnpultdst mnmeami dfhofitquency easver@r th@ produces pulses
light r flecﬁance. Such increased |ight reflectance is

f fled) (AR K| Sragthy PrOROEIANa it fhec‘mhmtw»tﬁwqt% ‘Hhushg ngmbgr of pulses
PRIPSs EAGh®BY: the inside of a building. Tolerance for

tenpering ¢an be enhanced by adjusting the thickness

of the dielectric or absorbing barrier layers or the

n of the absor bi bar ri ers. [0039] In an
a@%ﬂé , the inventionqggﬁsﬁgéiﬁé&?%MFenissivity st ack,
including a coating on a substrate, the coating

conprising at | east one absorbing |ayer. The absorbing

| B9dP] can béf dh¢ ypsertpinties iis heevelnmei af b sthrdard,othe frequency
b j a [ rr r_can. be .
oL e S TS of ! ool e o R A CHEs are ignored
becom ng an absorbing barrier |ayer and elimnating

the need for separate absorbing and barrier |ayers.

The lowem ssivity stack is chajacterized by a solar

heat gain coefficient (SHGC) that is | ess than about

0.34, preferably less than about 0.3 1. In sone

enbodi nents, the lowe stack is characterized by a

SHGC of about 0.22 to about 0.25. In various

enbodi ments, the stack has a light transmttance of

about 42%to about 46% In sonme enbodi ments descri bed

herein, the Iight transmttance can be up to about

NN T M o, o e o



can include a netal, an alloy, a suicide, an absorbing

oxi de, an absorbing gray netal, a nitride, or any
WwW@rdwen7ewm t abl e material that achi eves the desPCEUS2008/013263

effect. Preferred materials include, wthout

[ i on, Ti Si Ni,Cr, Ni CM Cr,. Zr, .M, W ..
ahgle% s | 4re Igeefle%mycsﬁ?%lr?f B 4 (9 ﬂ’&g{"lt'é({?s fhap fhe uncertainties
Me$sabiatednivith itigke HowsiHbRirhért dzﬁﬁbraﬁﬁﬁI ﬁlwﬁ@?@ di';@éilédhﬁfa%@és they are not
as well as suicides and alumnid greferre

t EneEsdiihe Pahenihwreeriainte nabpier &mdpmﬂ %,confidence level is given by:
absorbing material conprises NNCr. In sone enbodi nents
which are not to be tenpered, Ti also works well as an
ape2obi ng mat eri al . [ 0GINF/Mihe 26Q0P0i=a2 8,,ch@lce of
absorbing material al so enables one of ordinary skill
to control the transmttance color of the coated
9{@33; A neyyhak cokd Q\Ifﬂs or@‘gaﬁéﬂr@%géltahgﬁ o‘?qge @?&Iah of the N flow
bal anced are preferre e mnimal requirement being a
negati ve a* val ue asalnpiesbc"follcatedeiut‘lhgttha HoVaWe I6L.h@). +2
for transmttance and gl ass side reflectance) is nore
aesthetically appealing than a stronger greeni sh or

yfi022M sh higghe daritRid dediafidrRBS Hel thade %meang\h', 8PNV representative flow
deS|rabIe because it maxim zes the correct col or
r savaRles e flutinga prevumgrvads givasdyunit (1 GUJ) housi ng
the glass. The present invention also nmakes it
possible to obtain a bluish hue, if desirable. [0044]
T3] certain materials in d,Qu) €8aNgt%s have been
found capable of |owering transm ssion of |owe
coatings and allowi ng the stack color to be tuned to
p red c i L

IRy v it isRe (R4 T8yBlon RERE AR Rlr (MAPsamples —the
V\quzintlllatt\l'eechat'acmrfzatmm of d(ﬂ(ranﬂhnyvabi‘abﬂity,rmbémwdl sy th@nturbulence, in
b us |ternatives to_the absorbln terials

Pty iGBh D Tatahrshaes oihe APEOPItRB IR oBa{opesamle to the

dﬁ&uned by a range of index of refraction (n) and
extinction coefficients (k) that are suitable for
perforning this transm ssion |lowering function. In a
t ﬁﬂﬁa S?losr : gwé)gaggegt&: an‘“fpt?lg%%g‘? Soru% IngV %{Ies‘r ]gc‘aM vlnllables that must be

adstittdlRdato tdoriendl sasisfbiory tpfoﬁlﬁlgppéﬁfdnﬁﬁancé Of49]tradb@6 Meters: the
separate absorbing. layer is not enployed, one or nore

birbylence Hyesity cam ithalTepbu thc étandaéd Aeiabior ointheefawdsamples, S, in
a e t b

onrTERpIGT sl Bl RmB O rlel, Ve AR IReE E0LAR Yo proving run
pThéermidmetersahusd s sath that og. {83 id evadl enough tdresare that the range of
| ayers, as represented in th raphs bel o These . . .
Péﬁﬂ,g‘é% AsEeTt (étofsefl%elslr@ﬁgﬁ?ﬁgt}g eRjcR}- \(Ié@lg;]?té(gﬁ indicate that, if

f 5QW.(NO c8PYé hRtie BRWRT mbtérs WIBIrbed siReksh1Iy X re than 99% of the time.
extinction coefficient (k). The second y 'scal e al so

shows TY or SHGC val ues when the given NNCrOx is used

oubl e 'I- | ow a SCr. d . : .
h&(’gfﬂ [oo4é\ﬁ?‘é " g ?‘gs oF 859 % ‘P@ﬁ?@v%‘&s‘é"&h # typical line
2Brb9Yenvpdratigg sondrhdal flgwirateg GieSdurationbt & siﬂ@l fn: run 1s about 20
Power is typically in the range from 15 to 45kw.

f $esendls MoEse iiss-Nfa ermplst freqwcmfgmn Hz, isyasspmed, € e number of
W

ot VR e oftected il £ phovile Y B K 20~ 1806 s hoted in the

Power vs Extinction Coefficient and Low e SHGC Oxygen

Fl ow (seem) / Kilowatt [0047] U. S. Pat. No. 6,416, 872,

incorporated into this applicatgon by reference inits

entirety, refers to the use of a solar control design

that contains a Fabry-Perot type thin film stack

(nmetal/dielectric/netal). One of the netals is an

infrared reflecting material (silver) and one is an

optically absorbing material. The optically absorbing

material is described in terns of a range of suitable

opti cal constants. Enbodlnents of the present

N - o, . s 1. .



about 1 nmto about 6 nm nore preferably 1.5 nmto

about 5 nm The second absorbing | ayer preferably has
wa@2aobjozdomess of about 0.1 nmto about 5 nm nOPET/US2008/013263

preferably about 0.1 nmto about 4 nm In an alternate

enbodi nent ,. the first sorbing | ayer has a thickness.
oPESRD SRS PR D7 TARRH NP EHD AUF Her o RS in the flow
SRfeafReABR bPh T8url L EhdIAS WBtriddh kAR iRihé@P 954, @nge (one standard

nm In another alternate enbodinment, the first _
abeuatime $)ahevnghupstigampipiugess led talyeniatigisgisdaw asrd.2% or as high

: ' . th d ab bi
"LP1°S, S PhE CORTED e BT AP BB g o) o

t Bbhcak eG4/ Wigetheathés Silie lofiid,,y,,@i tiebpebhkility2 65 6bhirifg a set of 5
barrier |layers when such layers are used in |ieu of _ ,

- sBioYng e BABIhR I 2m ngs s [ess thagdie o fagye pssppially consistent with
b A 1brol Ao " Qi . Hi
p 1ol e ROce TpBRRE A BinBieRA A ffions show: Higher
t hebydkrcsemai vpreducepati it sardlleg ptobebiditied etduccasson t op of
it. It also inproves the chemcal durability by
controlling the diffusion of aggressive species |ike O
, (0027120, andiNaen, istne REVIES! TRAHURHRO LR RE nothflly encountered in
barrier is transparent. The barrier can conprise,
whethdenm Ipreduch pipshinesyiadversely @ffexts the ©peathbiityNefxhe meter factors for

| Cr Nx.. Ti or other nmetal or netal r bni.tri des or

S g RbseBlsy BT G o B e ShorS AP EETo Yo Fams. Unless
S stsihethitg €k Sdonp ot Altdd | tBé Icharabtet BE the hEbulehees it apPdarO®Mat ultrasonic
Ni. CrOx layer, it may conprise approximtely 15 to 60 '
afleinetese metait feastgige meapyred ewith| yonventionaloRfeyeperwdhtnot achieve
0 e %: 9 g j | Lty for the
te g%@%@ﬁ%ﬁég?%ﬁ%ﬁ%ﬁgPéﬁﬂggﬁpﬁ@gﬁ%Fgﬁ&%g%hgnproved

when the first NiCrOx |ayer contai ned about 20 atom c

t | f nbaqdi t _
(PRl ay B it NG. g7 o6 Sarshioe tbet hyBothesi put forward by
hBYFdenn qd @H)@l@g bha %G gy %hhﬁﬁaﬁéﬁ, THe 5P Bhhiping Screens for the

conprises NNCrOx "and is a thin protective Fayer
sBeducsve df dHingi Twerel Jndbrdeesiquethlfafoherphatzal Seieget, sApril 1947.)

T O T T

Medrbd iHsRagkade tehé ?ﬂiﬁcﬁlcﬂéﬁﬁ dati@@s bh veBUérhAl @thriNitéss Qthose energy
The ratio used for uII&HOX|d|zed Ni Cr is 10:1 . The

r 4@ clissgated; ps Sereincadelthes chambercdewasieamupt the Rereen(s). Because
B OB L AP 5L Bk Tyl produced by g

afiswr Ihienmebasr pioposeaf bNither patsnteemleay@dd t&iproduaeltie shitieSeffect with
thin. protective barrier |ayer is preferably uttered

oﬁal@}‘{) eFma é‘ogeép‘Gsl?lf“é& ¥ gl scsssnaing etdéFagéf ablepl of that patent,
S HpRo RITBP BEIBRA tRat thE emPldvembA 8hiePtd kv’é)’e%rﬁﬁu.aigﬁe largest reductions
sputtered in argon only. Such NiCr |ayers can be Lﬁﬁy

et tarbulent exuetpensf ated unitheepriorqratdnt wepipiodiles], bystlncars, either alone,
may. be caused b rosst al k.from nei ghbori ng

B woRel BT PR FafbR Bl a0l mente. ¢ he

di el ectric | ayers each i ndependently conprise an

oxide, a nitride, or an oxy-nitride. Wien a dielectric

| ayer conprises an oxide, the oxide ispreferably

sputtered froma Ti, a Zn, an Sn, a ZnSn alloy, or a

Bi target. The oxide may conprise Nb20 . The oxi de may
conprise up to about 20 Wt % preferably up to about 10

wt % of an el ement, such as Al or B, or simlar such

el ement. These dopants are comgnly used to nake

silicon coater targets conductive. Wien a dielectric

| ayer conprises a nitride or an oxy-nitride, the

nitride or oxy-nitride can be a nitride or oxy-nitride

of Si, STAl, SiB, SiZr5or other suitable nitride or
oxy-nitride that achieves the desired effect.

Simlarly, the nitride or oxy-nitride may conprise up

to about 20 wt% preferably up to about 10 wt % of an

o oy o oy r



than stoichionetric dielectrics. This allows for a

nore chemcally stable and corrosion resistant |owe
W@ e@ek7890br r osi ve chemcals are |ess |ikely toPCPHHESIV08/013263

the vul nerable silver |layers. [0058] 5. The opti cal

absorption of the sub-stoichionetric dielectrics hel ps

reduce the transm ssion and r,ﬁab?e the sol ar heat gain

coefficient of the |Iowg Lib- st oi chi onetri c

di el ectrics tend Pte@r‘bjéw%‘bgpl’f’aqjisypé@§b§ Bt H806 Blt he

visible and nore transparent in the infrared. Thus,
I hese materials reduce visible transm ssion but do p&tandard Devia
I end to interTerbalence boridigonenCoafigaratiefil ecti ve of One Flow
properties of the silver layers. [0059] Metal absorber Sample

are opti cal absorbi ng rn both visible and
%%4 léﬁte%llpe\mg'n Or@tf%?r'rgec AlSPY al s are used to reduce 1.2% to 1.75%

tL@Jg%moﬁeS;b&ﬂ)rat@deldt@wg gr odglct fboth Vi si blde - 1.61%
SrrxziHshoi@;bﬂrﬁarﬁwdplanwe products to have as hi gh an 0.93%
nfrared Teffecttom as pUbe b ]_—UUOUJ These

aHodunchyamedistrly BBSt@BUr for sub-stoi chiometric 0.63%
D X Ltrl nd nitrides which mght be used
iieg[l?cler/]a? é{h @frtgf%%@?p%he silicon to alumnumratio 0.64%
uRe@udewsﬁlaﬁhereege@fd&ﬁedglaeé ectrics in stacks in 0.59%
ar\r\nr dance—wt heinvention—+s—10 weiaht 9% AL Ot her

g lopety figbrg Wﬁwt Bedsd dnfhe rFfﬁregfaﬁeateé‘hﬁﬁd%eh%mplf pigesurcments made
of at pa %‘. fvia t1 (Il% gbe found 5 to 10
uméownﬁ‘heamf’olad%rlrc d %‘z‘ww. n‘é‘s an3¢°§% P> g heager exits.
yfun S .,a i cal jnt fere ce | aye
mfﬁ"gﬁ contr ﬁ%ﬁ 3‘98 g’ﬁép én‘l‘ﬂ“i‘% &g & FténOfg?“r?‘H%n@l fpgloyed by the
Theb B &Y dolitichefOISBR inDAWRM oes hBt R bn MR elithfation of turbulence
barrier properties and hardness, and it contributes
tﬁeomtlecﬂlsexpamn tofievesy | speal] edﬂbt:sh Retbbmrthe arbdiqctlamdm the random
m.ca re .

ESTTHEE o feagrenbicn it bropgh SRRI Eshonty BRefiY szes sunp that they are

| effectiRglyeavdrauet iwigdih et £oadtic B‘ehﬁh@foiit}w Wirhidmeteh e
graph show two stoichionetrics of Si AlOxNy. These

represent the approxi mate Si Al OxNy stoichionmetry upper
EﬁBbEWH ! 'T'ﬂ'et dJctL]l%h 1 ?h? Eﬁs fﬂi’H Q& Bg éﬁ’é Hioﬁllg'cxgce %ondltloners of
t St0|C|ometr epre err
t thyis na/iehlyom/alsbdeaf(hl tb dmemmmse irhthsefréquenaxd vfthesrandom variations in
Fi.gur e depi c roxi mat e ref red n & k val ues
ﬁﬁ%s- Aﬁ@twprpﬂu? Y bealurul Imogé] ?ﬁ*?qb?r@efemce@ses also lead to
n | | f
r ef r agf?ofr)}%g%ﬂé;?ﬁ{%@{nﬁgété aPZ Eg&t‘é\%egenma%gﬁf @1.S%mpled of N velocity
atmaﬁuramsnts nmlecmdeﬂenagul y freymgernalmere fptesamidtivdoft the entire
u§ eci Vr?i Yy 1aPo referred enbodi nents, the top
dP%‘? é% %f Ve ower i ndex of refractl on than
t he bottom or mddle dielectrics. In such enbodi nents,
the top dielectric has an_index of refraction between
about 1.8 and aboutSUMMARY ORI HHSINYENFIGH o
di el ectrics have an index of refracti on between about
2[0®34hd aboUdthe présent imvgnmarammseqbndpmm fort dfeermining fluid flow

O, G5AL 58 R STELBAC e P e i

bgleviBRAioRBPtHe dipdihraiitth ANS4st ofb Pr Bp%résn“&éﬁ:f &kh @ferture of the
enbodi ments, the coating further conprises a

nucl eati on Iayer between the first dielectric |ayer
and the first Ag layer. In an alternate preferred
enbodi nent, the coating further7conprises a second
nucl eation | ayer between the second dielectric |ayer
and the second Ag | ayer. The nucl eation |ayers inprove
the properties of the Ag layer, and are typically
based on Zn oxide, with up to about 15 wt % of other

el ements, such as, without limtation, A, Sn, or a
conmbi nation thereof. In preferred enbodi nents, the
sputterlng targets used to dep03|t Zn0O contaln

. A7 S I e




stoichionetric ratios recited herein). A preferred
topcoat is carbon, and is used preferably in a
wa eeopersaid e product during production. Such a POEHUB2908/013263
which is typically sputtered is preferably about
4-8nm t hi.ck and burns e tenperin r ocess.
5PBF BPF 8 AABEGR BERAS cOieriYS dalitchy DhogPIBH BT §oDaRRM @ turbulence
t Bhreckiti St ldispobesd 1551&1'1@ pretk@pﬁ@%eﬁﬁlgﬁ, R eRUNE TR Beﬂv@éﬁ lopenings is a
This material preferably is magnetron sputtered in
afusHon potwafferivadipmstes of gt apetivitsment , the i nvention
provides a lowem ssivity coating on a substrate, the
coating conprising, in order outward fromthe
s{opse] at e a Thergtsest éhemtioh Gettaing o avirbgleacd Bd)ri‘diﬂ@ﬁ?e? for a pipe.
% to about 25 ran, preferably up to about 23 nm
i h tcongditionste hah QPERIGES 2nfhi  RHelssThe capditiong han walls between the
a e
¢ PP R iglhosS b SRARAOA BERERIEH ik WRLARK AT aengah which
dised faattiorcof thy pitchhavi ng a t hi ckness of about 40 nmto
about 75 nm a second Ag | ayer having a thickness of
about 8 nmto about 15 nm a second absorbing barrier
| f0035] havi ngnha &@eﬁkﬁ%@ﬁl&ﬂcpe’i‘&%ttog methBY O @RGHinthg fluid flow in
nm a third dielectric layer having a thickness o?
ab oRIpe. 10Thm methad oeamprisen nthe astepsopt iftrvahf yfluid thopeghak turbulence

inent, the c rises

L B lorle? aBpotdd g GR TR hoor DS, Witk  BEpRABRGER openings i
afde hefunctish ofthnl affedtivet BmBief lo€ahi Sertusy 8F ahaMirB&nic flowmeter
t hi ckness of about 4 nmto about 12 nm I|In a
stihighfegrpmarcaenwih ﬁl%mterm of thsarpaidreustshe spastuge. There is the step
SSF&@qu gg tlﬁeaﬁg)‘ng %?81 ween t he second dielectric

| ayer an e second ayer, the second nucl eation

| ayer having a thlckness of about 2 nmto about 8 nm

Ahﬁéaﬁk hav&ﬂg a first dielectric layer with a

t ess of AHBERCNL YRR PRAFRY & F‘a{F?tQO‘% e Biodacipgra turbulence
U eSRtidried forl (MG b uARRLME R RltR) ifd ;ﬁﬁ;@ OfhdRRthod! prises the
invention provides a | owenissivity coating on a

sstbit olatdentifying awaffecityechapetes of gn aperture dethopipedhwugh which the

f e bstrate a.first diel r.c | ayer .c r ..
SRV e s Fih S st o Bie Wty Iopgircnl determining
aa bitésbetivebi Boleslid @klc8AditiBakr @M TinGRARITIEE Scfive di’ameter
first absorbing barrier layer conprising NCr; a
second dielectric |ayer conprising Si AlOxNy; a second

t
PE}fb‘PgEt : gg :Tgé ggesg%ﬁ@"ﬁg’ ﬁgﬂs (l%( an %}(}Jﬁ 2&8% ?orl cgéfterr%lrn%%g fluid flow

ba]r nipgpe, | coygirisoYpn iirasgniy fﬂmsnatutnhl flelveieet @atira eurbulence-altering
a er co risin nal ly, a to&goa

SHierce foan o b L RBEY Helhe Pive #@ea@%ﬂsmﬁt pirpwlence by the
| AR ARIch SRatN Hetet- caliBRESH nllébtlﬁg%p}e Bal%\?fa%wﬁgy requirements

enbodi ment, the invention provid | ow- em ssi vi
comt be getormmeé ub st feat Binstdfe proaer (agVQiompmcsstmglard)n a capability not

or der out 9] trate irst dielectri
EgER 0 R G S PR EREE Ko frignds onNeRmESE it syt produce
afeUiecedzailtdpitedre tothetuttildriRe ABOHEscABedNA sBcdrd’ Stangement of the
nucl eation | ayer conprising ZnAl Ox and having a
tm?k%te%ss gpo dpwatbed. Kdraws abmeorlfgumﬂonaemplpgmgmgreducmg nozzle
3{ Q%ﬁb&ﬁth t&mlgmec%ﬁdﬂ{ongtblﬂﬂﬂlg&r% Bf)th%ﬁ%) 15 nm
|rst sorbing barrier lTayer conprisrng
having a thickness of about 0.1 nmto about 4 nn1 a
second dielectric layer conprising Si AlOxNy and havi ng
a thickness of about 40 nmto gpout 80 nm a second
nucl eation | ayer conprising ZnAl Ox and having a
t hi ckness of about 2 nmto about 8 nm a second Ag
| ayer having a thickness of about 8 nmto about 15 nm
a second absorbing barrier |ayer conprising NiCr and
having a thickness of about 0.1 nmto about 4 nm a
third dielectriclayer conprising SiAlOxNy and having a
thlckness of about 10 nntto about 40 nm and

. ey I T Y T L




[0071] In a further enbodi ment, the present invention
provides, as illustrated in Figure 9, for exanple, a

WO oMPeTEI$E1 Vity coating on a substrate, the coRCT/H§R008/013263
conprising, in order outward fromthe substrate a
first dielectric layer; a first nucleation layer; a

first Ag |ayer; a first optical

absor bi ng IayerB%gggeg%ﬁggﬁqggé@b?%gﬂig?%i WINGSecond

nucl eation | ayer; a second Ag | ayer; a second optica

aH¥86bi ng | H@re BAtiRi 2 hogeydomtt cprdifigesr viewed from upstream with
0 eferabI cratch

¢ BabfiBer el BP BRI BUEL o F ol LB 1

In an alternate enbodi nent, as illustrated in Figure

1 for exanple, the coating conprises, in order
03Fd frokigHe 18 I5stertenal Viswaobilig/honeyaemp cagditioner (the chordal
NiyGFePXs AotNih&hn et | ENYa nO/ Ag / N Cr netal
/ SiAIS()<cI)\Iy ?&gp |gér)1§{est§gg%oat i )Z_refore inthis
enbodi nent, a second N Cr net al absorbing | ayer is

depqasjted directl on the second Ag .l aye Thj

"‘3 ment :ﬁﬁ%}"rb e¥ t BnPe PEFPE1VRe Qfa%’é‘f‘g eftthe nt‘&f‘eycomb turbulence
V\b&ﬂﬁ’l%n@ HRB ab 9%%8f1b&9hé?€mhﬁﬁﬁ thd dHRREH RAPIsBSic TRMS! dBvnstream.
degradation in the stack |ayers or in the optica
qualities of the coated substrate or causing the other

whpcks typi cal seen_when rocesses are used
[1 ﬁnect i %:P Uiy %X| 5w el%erssgec‘; VFyHr@gvé?$ n%ts 88" 4367 turbulence

adcdidithcﬂﬁr tBoiaspra3vabed ie@ial wlth kid shordd h&re@@ﬁhf: ingdtéraddviiitream.
(in which the second absorbing | ayer is directly

deposited on the second Ag |ayer) exhibits inproved
Aap cal eHA0sHIiL Y seddonlBic PR Hhe Y *ggdcr bSiblighce conditioner.
or appears to be easier une to-pre

setp0|nts wth this enbodinent As an aIternative to

t C metal in the secqnd absorbin yer, .. .

@%é:ﬂittere 19478y 3Gnl§ @:hr“g?n $eatongl NY /8? %‘FI a§agroratsy turbulence

afohdiaserbi ng gray netal, or alloy may be used.

Further alternatives include, without limtation, a

nichrone aIon conprising any N:Cr ratio, a NiCI

in hthe i rati o is graded, Ni.Cr.
r @ﬁc? Lo wi E T r%‘gle B o PFoP ﬁ%tWeQ%@wmgnaﬁa ¢ dda™ ? r turbulence
O@dnd@t@dneabﬁﬁf ke presdtiticd ShérginNi vath N @Educipe hekAle €drddh %ﬁordal meter
netal may be any ratio of NN and Cr. [0072] The
i fEptteam Q‘aﬂiitaﬁé’rxl’ﬂ’i“&% dezzle dawastress of the Wetgpe maintain upstream
Cﬁf@&déﬁ%&aﬁt i %El‘ﬁh e absorbing |ayer (which, as
descri b e a separate |ayer, or a barrier | ayer
nodi fied to have increased absorption properties) t he

I i SSi Vit ck bei n char terjzed by, o ar
BT ¢ Bighrs 8Bhe SteaBEVIEH A U1 gk wheh SHDRIsBHR conditioner,
0.34, preferably |ess than about 0.31 , and, |n sone
preferred enbodi nents, about 0.22 to about 0.25. In
erﬁ%d] ment s Figuge 4 aiskai side ustetional gviaws of uthst F‘eggecrate” turbulence
qg%a t hi ckness of about 1/8 inch and exhibiting a
Iig(¥ ransmttance of about 42%to about 46%
Enbodi nents al so are provi ded which exhibit a |ight
transm ttance of about 50%to about 62% In sone
enbodi nents, the stack has a transmttance color with
a negative a* and a negative b*. In alternate
enbodi nents, the stack has a transm ttance color wth
a negative a* and a positive b*. [0073] The invention
further provides nethods of making |owem ssivity
stacks having a | ow SHGC as desgri bed, the nethods
i ncl udi ng depositing on a substrate the coatings
descri bed herein. The layers in the nmultilayer
coatings of the present invention can be deposited by
conventi onal physical and chem cal vapor deposition
techni ques. The details of these techniques are well
known in the art and will not be repeated here.
Surtable deposrtion techniques |nclude sputtering

. . N T~~~




applied indirectly, one or nore | ayers may intervene.
Furthernore, unless otherw se indicated, in describing
W@m/lomga;o of the present invention by use of tP@r/UmOnﬁomms
"[ subst ance 1] / [substance 2] /[substance 3] /

F L‘{f{‘}sf a];] 2 re IT%\ gul %); elrS rasé(eg z’u%’r?téﬁ{‘]é ﬁg&%lgﬂ %(Fdrﬁs Hn%%e:cfc‘m% an ultrasonic

SB&nd EW&S&M e@bdlent@YSiditioner and (b)Owith iBe hirb@lendd cdmitioners of
meant that each successive substance is directly or

i fhds 1entign. deposi ted onto the precedi ng substance.

[0077] Coated articles according to different

enbodi ments of this invention may be used in the

cfovdekt of &igune eistauplat ofexystoiEent -results|dbtdindd ®ith the honeycomb

auto tive w nhdows, r any ot her sujtabl e application.
bulgncerqonditiogery wWwagtenar asssribed hegpinpgipwing theemagnitude of the

h
.ﬁ@énttf;”ﬁ“ﬁg’ i P‘é‘*a%tfﬁ%zt%é%ﬁﬁé*%‘oﬂwﬁ 8 g, flow samples, as a
i funshon off fEw tratbl &ht gnagmnstade wfamriatidoontiat weoubdd tyiitedly be obtained
veh cle a i.cation (such. as a ,windshield or simlar

ﬂ‘é&tB? P‘P{’We’t"f? Olnletl?leF 193139 SPAW8di nent, a coating in
accordance with the present invention is included in a
stack which also conprises two gl ass substrates and a
pBIO] nyl  blitgpral i PYRY of ayperimeTitel revidtsi shgwingthseverage range of a

t r t .or the _secon p ed it

¢ 88 b ko HAGE, by Bt BEPRARs *08finea BFRN LPE aprexpfigh turbutence
us@titichet Aed glt@assenic Ttinigertdstdes@éiedi letdiardsys fh&ion of the calculated
defining the properties _and sol ar nanagenent

cHandzed Sevianor ot BEAL Hewgluaiag 2 moEmEtEROT FFeving ¥glumes typical
h | known meani ng.
g{ﬁtgghgﬁggﬁggggg é%gpkgaigﬂgg% Intensity of

reflected VISIb|e wavel ength light, i.e. "refl ectance"

TR T R MR e I A—

r ﬂcb@s%ﬁﬁ@G@ 0% ProvinBSuksAeh Ofs alfinBi&H @Pth€ calculated standard deviation
transmttance), wherein "X'" is either "G' for glass

sbfthe orean flovs dyrirfg thmpsivdeg runsi ass si de” (e.g. "G")

means, as viewed fromthe side of the glass substrate
opposite that on which the coating resides, while

" f0049] si de" Fidur€9 is' & ¢hosseévhion ofla cdh@ﬁ@ﬂerf\ﬁlﬂmlﬂfﬁﬁerﬁ sf#8d holes.
of the glass substrate on which the coating resides.

[0080] Col or characteristics are nmeasured and reported

BN, 5Ly P 8 S ) U o o v

o&mmrwmns wherein:L* is (CIE 1976) lightness units a*
is (CIE 1976) red-green units b * is (CIE 1976)
yell ow-blue units. [0081 ] O her simlar coordinates
rrﬁwsb] e equriakeM ya 498dsHeh o§§ cOnditibite wiPRAEL Riving 2 sides.
to signify the conventional use of the Hunter
met hod (or units) 111. C, 10 observer, or the CIE LW
u*v* coordi nates. TheBET#d&EESDES€RdETKN§d her ei n
according to ASTM D-2244-93 "Standard Test Method for
Quose] at i onReferfiag abwliof the dedwsiags khersid &t refeRAt&hhiderals refer to
Measur ed. Col or Coordi nates" Sep. 15, 1993 as augnented
bsiprilasenidentiond rods thignghgut tepseveral viewmpsl mpgasepsifically to figures

VFA&?S%%;A bﬁ Oa{fl ng%kﬁgcféﬁ% @\?@w %nwand or ase%pﬁary apparatus

reported in IES LI GHTI NG HANDBOOK 1981 Ref erence

Vol une. [0082] The terns "em ssivity" (or emttance)
and "transmttance" are well ungerstood in the art and
are used herein according to their well known neani ng.
Thus, for exanple, the term"transnittance"” herein
means sol ar transmttance, which i s made up of
visible light transmttance (TY of Tyis), infrared
energy transmttance (T R) , and ultraviolet |ight
transmttance (Tuv) Total solar energy transmttance
(TS or T30|ar) can be characterlzed as a ME|ghted

Y " o o, N a o



cal cul ated in accordance with the knowmn DIN 410 and
| SO 13837 (Decenber 1998) Table 1, p. 22 for

W@eioontive applications, and the known ASHRABPAEES2008/013263
standard for architectural applications, both of mhich

a arat e ein by.reference. [0086

L ore e Bler Bl T G Rt 1o dRE P ARy 19 sbrissnan ultrasonic
CHYOARtE 1408Bich RofMidictds with éhd RtdRor m&?e %ﬂp@ 196hidugH at least one
herein in accordance with ASTM D 1003 wh defi nes

haazlé ofgpetiutes g8 deragechospdriught 8\ i qnn pras of apertures 18 has an

fr i nci dent
12498 dlo gl Ihe B 0l a BB B hiones ) g isposea i
h’ﬁhfé@jl}bb by havilBy kp&ean b whéare ehdBitedrbet@édn d})%ﬁﬁlg‘é abues function of the
hereln are measured réﬁSUCh a haze neter and are given

astfertiye t@gﬁ*@?an ¢18cattered). Another term

enpl oyed herein is "sheet resistance". Sheet

resistance (Rs) is a well known termin the art and is
ul®&3her ei nTha eocitiahencks \bas hwaltss 20ebétwicao vthe negamiinyg. 22 whose

i.S here re ted i n.ohps p square units.
e %;msbﬁ ﬁfgon Ohie PRigh P e FaGrions™ 1 Adas adsmgtlynbich can be a
| fineho® of Ble RftY. SEHEANBePT14 3ah BY Qlsp §¥e?1tl.§mooﬁ 1&619159 e 12 diameters
substrate to an electric current passed throug
| étwnst@ym einthe She@tlon@s%st'ﬂmcletqhscaarbel lnghi tham mmef&ctlhommneter of

e a temls reflectin
ey ig, B IS gl CPieaR WEAER thiPiied BECVRBYA B T or the piten
ash@empasednthes td DO Sinfeh WA, THE iphich cahBEh functlon of the meter's 14
resi stance" may for exanple be convenlently nmeasur ed
b@aagg;pqﬁgﬂae Hltﬁb Fa b?, edBectionrafehe meteyisck maximum velocity. The pitch
dispsns [ | obe with a Magnetron
I nazlt r urrg}ri:lt 50D Pﬁl %etélff 45'\%5151\66'1151%4 %80 produced by
Si gnat one Cbrp of Santa Clara, Calif. [0087]

" cal | or "chem cally durable"” is used
hgﬂg sy no%ﬁg‘ﬂlﬂsfawhﬁﬁe t RSP é?crﬂoé‘fth%trlfs twe s Qg sidpd.  Figure 12
r @il RElEs 10 aré RGB1 G@dd. ShaRiddil¥ly; tid881c6@an have a circular cross-

durability is determ ned by an i mrersion test wherein
asegtion, &' stowietn Rgtesanpidedof A fiat2édeayl be disposed in the pipe 12

sub trat rsed bout

CUREEAR o b SRR 1R Rt Mg i i s @ 12 vpstream
abPtHe A6RfmctéceME@IdotuE@din Iof ¥he @BnditisRerbrs. detiRr MeR@d 4 and the
by the C evel and test or. the climtic chanber test, as

f gandifigner dibegan snfeslrruavae Isetur@peqtecfse]masawpnegn@rrelmmum flow
C e The

o iy e B 1€ b RS snd U et 14 o
t stipBr aprovengheghirahert €+#4/0.023% @ﬁ@erﬁm‘t& in fk¢ proSadphes.

are placed filmside down over the heated water bath.

Wthin a few m nutes of exposure the sanpl esare

CROS5pd W t frha p}&bﬁtkmlv@ﬂfﬁfn ﬁgﬂaﬁﬁ%%ﬁﬁﬁll%e{ dftfonkt T8 for a pipe
progresses, the water i ps down the face of(nm

Sh?‘rplls shawu imégursside riBatZ; o4, 3IBrIfS oh 4Bhends4@plThe conditioner 16 has

de ns esent,. on t sanpl.es r the

SRR 580 &rpilsh. B ERui el 1108 Refioan Brisdh tp openings 22
[\QHS&] thiokipdseis adfufictidt of@epitcR. AhexofditioRér 1d1hss 4 h which is a
For the static humdity test, humdity is held a 98%

remgtipref thgwitahty (RH) while the tenperature cycles
bet ween 45 and 550C i n one hour. Measurenents
Perfornmed [ 0090] Sanples are renoved after 1, 3, and 7
days of exposure for neasurenents. Haze, em ssivity,
and filmside reflection are neasured. To cal cul ate
delta haze: Delta Haze = Post-Jest Haze - Pre-Test
Haze To calculate delta EE Delta E = (delta L*L2 +
delta a*L2 + delta b*L2)"l/2, where the delta L, a*,
and b* are pre-test mnus post-test neasurenents.
[0091 ] To cal cul ate percent change in em ssivity use
this fornmula: Change in emssivity = (E post-test - E
pre- test)/(EgIass - Epre-test).[0092] "Scratch
durablllllty, as used hereln |s deflned by the
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strengt heni ng, or bending. [0094] The term "Sol ar Heat
Gin Coefficient (or SHG)" ("g") is well known in the

wa@edooarsdio efers to a neasure of the total sol aPCTE81008/013263
gai n through a wi ndow systemrelative to the incident

S radi atd on. [ 0095 nl ess, ot herwi se i.ndicated,.the . )
ST gl TRt ERe R et s Sianehon ot thEhbing Biid flow in
f @l JipaM1n9 MBENhEESI | Joniphisss FRESepd ©RtTIoWIng Ati®itha6REh a turbulence

Ti G2 titani um dioxide NiCrOx an alloy or mxture ,
c epndifionand ondisresed oxi the piprd 12 hapimguencoings €2 @Remgathe aitch between

S va r.o .0l CIH e to.

hReR R Jofhal " Rtk Ot BTENeldve Romsies of, it apsrigg 18 of an
nutkebniambwahéteni 4whidh AdbmikDhicaiddivile et inkeloy of the pipe 12 through
sputtered silicon alum numnitrjde, Sputtering tar?et

t 5}§i apsTtisg 1o nkhsrsis the sigp REMmgAswAng the fipw with theanetayI4yas

is a mxture of Ar, N2, and Q2. Dependant on the gas

m xture and the sputtering power, the material is nore
0f0058ks absdhbifimyvingi fAlidtiIDpugh a Sufkdulonce eandifiviedryl 6 step can include

sputtered. silicon, al ym nym oxy-nitrjde. Sputtering .
t géttgp_t ?/fp Ring, tEg r#lafln | ciu-g?Ot}We F‘ﬁh’t?l%‘% congjfioner 16 wherein the
S padi®oren U1 A Ras twellisC20 bt SendtHY Shehiifes082 Ahosd @RENnEs: is made a

Dependant on the gas m xture and the sputtering power,

t Fmctiar of itk pitch. ndhe flowinge Slyidathsardhi mtprbwrmdey@uditioner 16 step can
PGBl SR SR RO LU R RS 16 wherein
Spordigsriend 63as d EngthfvKictie nfde A fudBGorO8f thenpi&ihy ATEORowing fluid
reactively sputtered. zinc tin (alum num oxide. ) .
Spueydy pyrhudgnget candiiongr |19 depicar ip¢lpdetheoytepi @fhflowing the fluid
onLi . P : |  de '

P b Qb YorAOBAAD corkiBorrrf iolle B 46 1 HiEnl Wl®12 diameters
S ppstteami ofghgesndisorerioxt ure of Ar and Q2. Zr

zi rconi unoptical coating one or nore coatings applied

to a substrate which together affect the optica

PlowB8[ t i €S GheiMiRyviapFREd ArBubiPWARbLY[REK cOEARSRA ’BNtep can include
substrate with a | ow heat emssivity optical coatin

c thesitept phiowingdhe fluid thoewgh thy durbulsace canditieneerl 6 wherein the pitch is
deposited to-protect another |ayer durin rgcessi

LRI e SRl lapRiR, e VG € R TR B e, i, throueh o
beirb@encdbedittuhedfl cURRR Cah dydide thEBdtePbf myviﬂgtthdoﬂuid through the
present after processing. |ayer a thickness

nitrRylenge ooaditiogen 16 yherdn MeatidscHbhgve thécdmg%dwwmn 1/4 to 1/10 of
0 . . ' _
LA, e skl ot LURLIAEE ShANRICKE Sop can ntude

astdp of flowery thalflubd thposdht the murbillepas¢dneitidnaly &6 svhesin the length of the
may not be present after processing due to reactions
d&% i iééﬁsgf%gé. tm\?é@?fr‘ﬁfcgas used herein,

enconpasses a thickness of material that may be
bounded on a side by air or the atnosphere (such as,
f K058k anpl e The Hlowing fluad ghrough prtwtbetencey eondigomaalt6 step can include

| e Br ReRATL IR BBl Bt PG Fon @b I8 whereim the otes

Shaltel £EloBPseRtibA tidat 81866 bAhRdrd §i86d.t WiheMiati V81 Ethe QWiﬂ% €luid through
sputtering taﬁgets of two_or nore different materi als.

Thdurbalance icandigepessil  etere Bstudsy thaypteporls flewing the fluid through the
' RRGUILAR Rhadhr £ whbRifinEh81e Rbvd BERLIA! GossdlLetion
un-reacted mxture of the two target m eriars or
both. Internetallic A certain phase in an alloy system
conposed of specific stoichionetric conpound
proportions of two or nore netgblic elenents. The

nmetal elenents are electron or interstitial bonded
rather existing in a solid solution typical ofstandard
alloys. Internetallics often have distinctly different
properties fromthe el enental constituents
particularly increased hardness or brittleness. The

i ncreased hardness contributes to their superior
scratch resistance over nost standard netals or netal
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[0096] In various enbodi ments, the | ow em ssivity
stacks of the present invention exhibit the follow ng

w0 pabepesrdent characteristics: transmitted Y of P@bUS1008013263
to about 62, preferably about 35 to about 55 and nost
preferably about 40 to about 50; an transmtted a*
val ue which is negative, nost preferably about - 1 to

afome0] - 6; PRk eTahy fﬂu@’fhr\é He tidufdicé SoMBHBdrVIS step can include
nost preferably about to about -6; RgY of about 8 to

athsuaterof flawging tbﬁé‘f@i‘ &prglab@lhﬂer 26 duﬁtpoafbblmt thi@lpenb%tlpstream from
p{h%f((e({ %m&ﬁexatfgm éf;og%@?lﬂ{) Oué:l;ggttur% 1Ge congmoner 16 step can

prrﬁftelleaikhbyst@‘l oRglﬁwlngltue ﬂd‘ldltthﬂoﬁgl‘ﬂeagabzzle 24”@1%f)osed in the pipe 12
pr ef er abl 1l to about -7; RfY between about 2 and

abraﬁﬁlieamzofy 6 flowpetreeddmng donmstream of thg sepditienerdigd The measuring
I u [

755 ASheREDho gt AR Bou VAR PRG54 i mocs «

ppeivergatsqyiremenrf Dlie Ufeaahrmlgt stepl Gart pwmhuletthe %@p ofastasuring the flow

Piihiibe rgder” B et 08 Provies iineente 7 -cbBare.spserainty in
tﬁvggfw!r g rifs. nost preferably about .20 to about .25
0

[ 0097] further iIIustratetheinvention, t he
foll ow ng non limting exanples are also provided:

h
=L ISR RIS T IEN TR -

Sttbﬁiﬁﬂi@ieﬁ 1i60fdr s auﬁt@ckltﬂaeoﬁl@glmﬁetéphh awi Pipe 12. The method
configuration: dass/. 12 nmoxide/ |OonmAg/ 2 nm

NPIRRBISEs Ahgrsiepeef ldﬁzwlfaﬂa&uaaee/ffemw;@@;etqmﬁ 3 apegure Fhihe pipe 12
e

PSRRI g bl JRE AR EINE: SEMLERICED. T

nﬁly: sd:fm‘l(pfrd@@nﬁbmg)a plﬂéﬂnebemwecnhehdiwmcthﬁpbn(heomm lt6oasadb fuiction of the

wt % referably up to about 10 wt % of an el enment,

s%fé‘??t’éfg Eﬁ MFT- B, or sinilar such el ement to make the

coater target conductlve The Si N topcoat is optional.

This exenplified coating has an appealing

t W&ﬁéhi t t andbexgotanr bepthenstep ofidetetminmgyatthigknesyod vBHisetween the

bel ow Q. i%O The. coat.i Ng. has a

rrepceﬁmll'ﬁscaeslla ne 10 of nti ¢ gftclgj }1‘365@ £ ntg/ cepta l}Jéle Eantnblagg]a length of the

| goriditeoner elseeag aexmloﬁ ofa tHeOPit€h. CDRRdre NGni Be dlemsdpt 8€ building the
on a_glass substrate to forma stack havin

f eAMANENSE Lonbavig dbe thChathG}cl thyigknepe andy g@@h odefgmimgd in the
‘_jéi‘r&la Mﬂ Céet?;/?s l()@ggné)ﬂﬂﬁ R% &dl&lyigél{euri? 'f%)gflg@g% 1tk denter portion 35
dhzexlmag:ithﬂ béle@ 220 outting at Gralength hlay draﬁneﬁerltﬁnmég/ th®.dbsign parameters

-nmbarler 0..2-8n S n er/ 1

AIPERRR K g it VoD gis i [EhEtn, Ang atiae gk eglange 37 to the
(Entdrpof¥GHS §o it kaRbe Sedtdd initA€pPE 12N OXy-ni trideof Si,

SiAl, SiB, SiZr and it nay con{)al n up to about 20 vvt%

preferably up to about 10 wt%of an el enent, such as

ABSE, %, BT RoSRT Chet R PR YRR femining i

| Ay@rinan dipesl 2, \oohtpaising zb&&Bdleﬁéb ﬂtbrﬁ?gl tfdeburice deRditdndd16 and an

wt % of ot her elenments such as or a conbi nation

t WEiagsrc trangit giome flawmetey ildy baﬁhopl@e% in He RiPaddi ABe arrangement

tﬂl@ﬂﬁ&t‘:@‘%ﬁe tpré\‘]ﬁ%’plo‘”fsﬁﬁ@ Wﬂﬁgbrﬁ@%étgf '1'3,91& I&en mber of prover runs
ectric a t also 1 nproves the che al

durability by controlllng the diffusion of aggressive

species such as O, O H20 and Na+. Suitable barriers

include, without limtation, Nj&r, N COx, N C NxOy,

TiOx, Ti and other netals. [001 O 1] As indicated, the

topcoat is optional. Wen included, it can have a

positive inpact on the chem cal and nechanica

stability. A suitable topcoat includes but is not

limted to C, ZrSi, or suicides. Typically, the

topcoat has a contrasting nature conpared to the

underlylng d|electr|c | f the dlelectrlc |s an OXIde
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In measuring the thicknesses, an initial thickness
nmeasur enent was made on the entire stack.

wEaipgerpeent |y, the top | ayer was turned of f i nP@TES2008/013263
coater and the thickness of the stack m nus the top

l.ayer ured, This. eat
E RPN A ol BB h e iRy PREEE b Cohihe technologics
botitane HeérOaNd st &@ﬁlaﬁ&ﬁ@rﬂrrﬁgters_}h%naﬁ&klll‘\r%ﬁ){hrﬁént not possible
the neasurenents is approxi mately +0.5nm EXA
[ M@tiloqonrmﬂomﬂbsemnmml eofr apirasoaint smatepy efder rSeyeral  alternative
ts&&%@& %sc?oq‘t It]?% tur ulé: I?: I ncldutdes a&al boﬁ?scnﬁcé) aT’I‘he turbulence

ance w (fnefhe inve
Thorknessed 6V\&2ihea1@6&feuﬁﬁﬂ1e‘dﬂ tfohalﬁ allefnlatitte RHahidrieRt & the enclosing
as.in Exanple 4 above. In these neasurenents, the top
SPimiwg AR whasani psterdpdysh hanbasrssseribedyip the prear art, and in which a

S ﬁﬁ%i?%@ giye-gg@.\ecr%igL b%h? i t l’gafl%q tl%orﬂp&o%s@#%@r Ffﬁtb‘ﬁ downstream

apf thextiuntatledeg cbﬁdnmnEX/MP&E‘h @rc[)ﬂﬂg. r&snts Detert thiah @rédbasdy achieved
fep% Eents optical and el ectrical neasurenents taken
JiANGRET R cor dance with enbodi ments of the
invention. The "lowg A" product is an anneal ed
product on which no heat treatment was carried out.
THY64] ow- g FigysendActlB gndh 2t shyeoablod the cduert] alitrnetive turbulence
|ncI des at pcoat i.n, ac ordanc vvit t he i nyenti o
e oo 6Pl p 2R S7ERaN bl of corpBchinfnic meter 14
aﬂslwns%éarrr efr ?@erﬁtsedneyaursemeﬁ@oﬂ akene abdfduration, referred to as a
t enperi ng. " indi cates no neasurenents were
obRQIIEHeRIMbIL PR FIBE §Ehaifas iNgh been fasied toadamansirate the capabilities of this
eXxAIRiS: ERANRLE Winl 801 r F%?@ﬂ
repr eécgnnts a gsun“ZtErngggs]cﬂgéfﬁgc % (‘%f T\}laer |k8ﬁ dimensional
c ogjuiragsnts f @< oxahaplary euhhduitbet qfﬂb@mbnmdivﬁe tab @dllows:
Optical and electrical properties of non-tenpered and
tenperabl e coatings in accordance with certain
epdued] nent s jof the veRBhiigRaweN! chova, ! ai tich B'f‘eth h
sgﬂevgr *r cations set forth |I%ﬁ}tahe tabl e’ bel o I%XA e8 oneycomb
[00107] The -pr esemtbu@mbedlnemrebﬁeﬁﬂsa spasuigsbetateen the centers of
having a coating jn accord |nv tron
noted, an opti ondl® CREBEES ¢ tOHEA’&neHéep. glyye ?fneter of the
be enpl oyed in empe@mmmss)fltmé amﬁe&hlt ndi& wpmgéﬂe itéPvs. % inch
tenpering or heat treatnent an referab abou
nmto about 5 nmaPertyrR);ciheysh gWaﬁqbtﬁhérMChtS{hpublabe iless than the
preferably not i Heled n nded t.0
be tenpered or hggite tre(g%&g.%pg gLr%n‘ttﬁr i Tl ﬁi&re I8 diameter is
referred to her eiequasto"the demheret. 5f tlhaytﬁhsdhh:lef: hm&fbﬂiﬁ if the bores of
for the exenplified eangr ment shown be| o
approxi mate. AcciadyPqlthPFsipEeRs PB“‘?W@‘%JH“@? alrasopic transducer
and Ag layers is as@nidiRs 'ROulfl oRRRMy 2%
t hi ckness of the aN| Cr | zsatyer g%lgano pl }t'é&lZOO% ?nhenglmeters of the
20% | n anneal edtmeducnlggssembbeidmmel ayresaic yxmtctra14 designs, the
are thinner and may s 60% of, the val ues
noted in the tablne ﬁ e[teﬁ(ﬁlfvdgT O?Filem%ggclpr the igEnak pvall 20 of the
the materials nopgst 12 thidegh abhieh AK€ ultSashRic! §Bgy passes is small
Si AlOxNv - I n enbodi nents represented by the pre}egnt o
exanpl e, this natkan e diametenet hedrapsdyner asseatbly.rlorsugh cases, this

| /10
'Sl'lhel ?ggct | Vewgggl?rlrug&gg ﬁ'{é{e{)%/o i< (%Brég[ﬁ é?f%\?’v aﬁt‘égtiv(?o}%ameter of the

oxygen. This material is used for the bottom m ddl e,
and top primary dielectric |ayers. Although

stoi chionetry variations can oggur fromlayer to |ayer
and from production run to production run, all of the
Si AlOxNy in the present exanple is substoichionetric.
Insufficient nitrogen and oxygen are present in the
sputtering gas for the SiAl to reach a fully reacted
oxy-nitride. Atomic ratios in the |ayer are
approximately S 1400. N5. ZnAl Ox - I n enbodi nents
represented by t he present exanple this material is

. . . oy



thi cker than the top nucleation |ayer. Such a
configuration provides for inproved nechanical and

W@ b@oiozsalo durability. In preferred enbodi ment sPCT/082008/013263
stack layer ratios fall generally into the foll ow ng
ranges: bottom Ag /. .to - .about 0.8 to abaut 1.0 ..
bot tom N Or 1t ofPRETESEE S sghfiates rpduuins 8% Fispitigns have been
ZnAl Ox | top ZnAloBwineoMith the2/4t thohbpidth Zo 04 bRtk QdPerture 18 ratio.
SiALOXNy / top Si Al OxNy: about 0.4 to about 0.8 middle
Si Al OxNy / top SiHIVGWRE:evapatrater reducgoahmay be obtaipgbif the pitch to
11] It is further r ielectric
to have a | owner iaﬁglgliégggqu@&ré:}c al(ﬂglh htlg‘ﬁghg%fl her the
bottomor mddle dielectric. Preferred ranges include:
t i ndex: about 1.8 tq about 2.3; bottomor mddle: .
aﬁf?&? 2.0 t 'abthJheZt.h?)a‘“f’%fO?} 1hg walls 20 efethe ongyperab is a small
exhi bits the fol |00 0EMeNitcR G RO e : :
Nor mal I nci dence ColorOSpreE:3 ilfcﬁ?:at ﬁohﬂ%{)fe %?g{?%lﬁlﬁguons show that
LowG on 1/ 8" gl assllsORA th8] art NGinRs¢latief ¢ ghe @itch of the turbulence

noncontact surface resistance and the neasurenent i : :
in units of ohrrs/cgﬁéfgf"é‘?r %:_t“é %F%eegﬁ&ait%ﬁ(g?f the pitch—will
tenmpering col or $hbfille Qheddite | Sndh@al ebtrédp@ Jof Okhe turbulence
the glass side reflection color. This is due to the

burni ng of f of tlsenditiphen 1payiacamxA® valls| 801 a4 thifhghe eddies
present Exanple r nt s, a. st e_havi a . '
coating in accor gﬁ%gégm hthf% Hzlglg)na\?ée%:fi eé(ﬁr.emﬁg"g Bl diaggter —small
optional carbon teapegaho( Oimgeni Gitetkt wtaixtibe oFnhkof®sd velocities
in enbodi nents intended to be subjected to tenpering .

or heat treat nentmedsgred &y hepkiaseinic metes it Becawse ie cddies are very
about 5 nmin thisgknespiivd B aRPLbRRA: JFIRE Pkl i
preferably not i rslg{ﬁugg% 1iVn enl‘gegdllhrrent so not ?énr%derﬁc}g& Itnothls regard
be tenpered or hdéat hommicentb Swalfigerdtiodi nadt sthar eother turbulence
referred to herei nm@ﬁB" an Layer thicknesses

neal ed. " _ '
for the enbodi mef Wt ilﬁ EHEIBUEHI0BS peqv§lgda iR this invention are

appr oxi mate. [ 00nHebdntMY dupefiGiSaRE pldle EHRIBHRIP b forekE previously
enbodi ment, thickness neasurenents were nmade using a _
Dekt ak Profi | onetreferensed gatentyivihigre thie dimeasiongpf theolgaments are in
with the full stack to hi ey total stack

t hi ckness. Addi ti%gen%l es(grﬁ'% aessfﬁ%/fé&gs'pr epared by turning

of f the upper nost material cathodes one |ayer at a

time _until gnly the bottom Si Al OxNy was present. The

i 0961} nes wer e r dbs\asErl dpnath pE Hisr HHlense coRGitioned1 @ kein the range
resul ting steps Welse"RBAFHE MM i, Tak . -

I ndi vi dual | ayer thi gknessees ﬁe&éﬁ%@?tehd%bsyufﬁcwm to eliminate
subtracting t he tghbteknesseonfreated hyefieaiunésngf the piping upstream of the
stackunderneath. Th r.efore6the accuracy of the

i ndi vi dual | ayer SOPLNGRY e k% g OBYIafiRg B upssd) By radgitional flow
| ayers under neat BohdiBFhingNeT@HEMNEE YcAlditidiRrs 16 employing large
dielectrics (Si AlOxNy) and the silvers (Ag) is in tﬁe

range of +/ -20% diametethiubks@s platen gathoholehardingrmaxlly provided for
| ayer is +/-100% e [ ts{,n _acecordanc .
Wi %/h the inventi Q(%S enf&ﬁ%@g ng{éﬁsné? tgoqfrg}ﬂa%w,&&g?l vortices.
than tenperabl e Weits itk ropoSédl tutth]lerldeecdhd@ivhedt i ® Agesdfwill not be

the materials noted in the exenplified enbodi ment are

as follows: SiAl OgRs§Fsary] kherplot AR tlengthgpdukchtiatio mso provides a
the present exa I Lab il S j .

sputtered fron1ggéﬁ??%%%§}ﬂﬁl?32?8H¥%82??%%?%§FﬁﬁPﬁWﬁﬁlﬁnwu"e
rot at abl e cathode. The reactive gas is about 90%

nitrogen flow and 10% oxygen. This material is used

for the bottom mddle, and topsprimary dielectric

| ayers. ZnAl Ox - I n enbodi nents represented by the

present exanple, this material is reactively sputtered

froma zinc / 1.5 weight percent alum num rotatable or

pl anar cat hode. The sputtering gas consists of argon

and sufficient oxygen for the oxide to be deposited in

a fully oxidized state. This |ayer serves as a

nucl eation layer for the silver and is consistent with

o o . g



6 color units for transm ssion. 10 color units for
gl ass side reflection. 14 color units for film side

wOo edobeteoion. The color shift is due to the burPnysSwh$/013263
of the carbon | ayer. EXAMPLE 10 [001 19] The present

Exanpl e i ncl udes a atin Vi n e foll

structure, which ﬂé%ﬁtos §°§d%? %%‘E%Wl}(é’t %5” ﬁ&wt%am and that is
Ni Cr layer. LAYERu:bR® lQQBlywttﬁﬁale QOWAQ'OFJé@l ©aldtiifed pressure
Si Al OxNy bot N Cr A ZnAI bot Si Al OXNy Substrate

Process run dat adr@sppﬁ\thfdé@tbp}@nﬁméon@bloeelbelﬁa\ﬂem&teér herein "are
Set Up Tenper abl 001

'n the pr esen t %om Ig%,b%a% tgllclﬁ ﬁre%)xu r%R,s %ong?rgtéona?g]be type flow

coating in accor daﬂdlﬁoﬂ‘érﬁ hThé prassure rdropdof hePugbiilelRe: conditioners
Description of the stack configuration and
characteristics aPdlessiteddwirin gre lsss thap thesprsagusedraps of plate type

the exenplified enBofhoeR dﬂ%&gﬁ

conprising NNCrOx are enp %3}e %i%EQI&&a#FWE%{;W%ﬁ previously
Tur bul ence Condi trefereacedmtexﬂtr ansit Time Utrasonic

Fl ow Meters and Method FIELD OF THE | NVENTI ON [ 0001]

The present invention is related to the altering of

t IUD68{ ructuge of 14 widué enge dlt@a@nﬁ' rﬂ@tels W& s fol@kd bPFroximately one
turbul ent variations of the fiuid velocity, as

measur ed by a traneingl t pipe Rt dimuetec ddvowtemnerof the turbulence
downstream of a turbul enc ondi tigner

reduced. (As useamﬁ IH%neﬁ elr6gf Zﬁ&c lgcltS’SGthgate'rpr%’Q@'ntthat marked

invention" or "i iwpfivem@nts @il Fi‘cﬁ'lﬂgi) pEXBHRANRE Yare achieved with this
enbodi nents and not _necessarily to every enbodi nent

enconpassed by t KenfigpairiedAcicarration immHie rapgfuet ¥ fP Brinternal pipe
tur bul ent vel oci t o) f

"proving" of the %I ?%%egéﬁ% c&?r%e %?Hltll:dgng %t?%aang%’i P grformance. Larger
cal i bration agai nqtarmcmt\aﬂlkjaitodv ediesntg agplopasste mte 1ar@er eddies and
confirmthis calibrat \M&t :K?crlflcalntl fewer runs _
of the prover t h3aYi Sg) Uyeing, tiveness of the acoustic
ul trasoni c meter paifs tdfethéatﬂ?raﬂfn%/%etﬁp‘fﬁ 5“1' Mrﬂﬁlﬁ@q}i& rotational
the turbul ence conditioner. BACKGROU
| NVENTI ON [ 0002] vtfl@pmes@éttlneomrbltlentrﬂddwaeAXtab dlsmcesjsimter than %
the reader to varlou ects of the art that be
related to vari oGd o ec Sk F%:Sf ‘gg%lbn{’m?ﬁ?/gﬁ't}{rgﬁmns produced
The fol |l owing di sepreséwed by tlh&tu@&d@ﬂ:etc@n@ﬁl@ﬁérdﬁi to be “seen” by the
information to facilitate a better understandi ng of
the present i nveHHTaspnic mpeter H ﬁ@gvdlﬁgtltss%@a'lﬂ&%@ integrate the axial
under st ood t hat f,.ol  ow ng di scussi on
are to be read |§E$Eﬁgﬁ{b§ﬁ%?&nm Rot as adm ssions of
prior art. [0003] Transit time ultrasonic flowreters

h xhi bited e eatabi |l ity and absol ute

a@x)g?]gcy i n%’rgéﬂﬁif f‘goéﬁ ni%s‘g&’e and ﬁﬁp%oyatlt%ﬁ%“ve configurations for
HYMEce EAHAIRGHRS 113t hfedtind NRE ?%uﬂeﬂqeﬁtﬁe F@El%e% Qbove. For each
their neasurenents present difficulties V\,hen hese

négsesrs the exiap tlﬁngeld of ¢he ggmcbttqnqr rmmmemgmﬁmm@ ehuces axial
Vﬁtt{e%ogﬁjs a sqgesz v'g‘gfc %rﬁg lgte?r)g{cl)% cFeSlt ?a légg’-sgl{]ezgf Figures 3A, 3B,

wner s
ciang€ sind Che mb%lﬁinﬁles@fa]!? 1gure§l4@h 48, 4CaesT B¢ niadk @S aBll /CLplate such
at the punp in a gas station, bet ween the owner of the

gtaat %‘t‘-‘étrtstlﬁ St&%eﬁh?fs the dovpisiaeam god 4an be trmssmlﬁartj fpmytube to tube. For
practice in custody transfer measurenments to "prove"
the nmeter; that is, to establish its calibration
accurately, by independent neans. Provers are usually
devi ces of fixed and precisely established volune. The
time required to deliver the vegune of product defined
by the prover is accurately defined by the transit of
a ball or piston, pushed by the product, from one end
of the prover to the other. Hi gh speed diverter valves
initiate the prover run and bypass the prover when the
bal| reaches the end of its travel. Position swtches
at the beginning and end of the prover synchronize the
prOV|ng operatlon wi th the operatlon of the custody

. . o



prover and a neter factor (i.e., a calibration
correction) is established. [0005] It is also industry

w@e@enisoeo t o performa set of several prover reCEUS1008013263
is typical-to establish the "repeatability” of the

ter. factor pof.the sto t ransf e fer. )
E’ﬁﬁetﬂ’g PP&?%PGFWH'(?%I%%‘&CF %d‘h, iang ljg{, F[slsi i3 aﬁmlfsyed by redundant

defehhed as follows: the difference between the high

and | ow neter factors froma set of prover runs,

divided by the low neter factor fromthat set. The

r abi | i (ar 4n.statistical,term nol,0 "r.ange"” o
RRERLEE' L, O S bt el SPP b2kt A 950 12 100
uncertainty of bbRrérEhesitih@aherbasllcettasddl nrediys t fttional forces
average of the results of that set of runs. For ) .
exanpl e, a repeheldysenitibes sapabloabavithstanding shedtydrgdic forces tending
prover indicateg r neter factor for the

cust ody transferoﬂgggﬁépﬁggaaﬁthin a 0.027% band of

t 07dkan netley Saot welds betwechatijacent teleds, near the ddS¥fistream end of the

confidence. A neter, factor of this accyracy is the,

accepted st andaPtnqlgr CBSUEDRat rtgﬁss‘é‘?’ freddtir &hehisingle  structure.
[0006] Unlike tunkifgivaRd MeSthions sthoRt 2eBEEManl @Wachieved by
neters, a transit time ultrasonic flow meter does not

measur e vol unet eeldefingw rat e conti nuously, but instead
infers it fromnultiple sanples of fluid velocity.
Specifically, the volunmetric flowrate is determ ned

f [oomeper i odiSpotra@RdnesEA tafsoMe st taxtifbn ElaldEvivsle@®l dofners of the
as projected onto one or nore acoustic paths-paths
aPSherathsaditianer {6 ghEiguresi3feand3Bpul ses of ul trasound

are nmeasured. The path velocity neasurenents are

conmbi ned according to rules appropriateto their nunber
af07Bpcat i oBecmsehpetpolpem phrlineetaes snenfikeyopalebtis elfor example
chordal paths arranged i ccordaqu@mﬁth a specific

n :

BRI Wk peRn ?nﬁf)e@ldglchaﬁe qidbe Tylatryrdy peall ggenings 22 of the
0_&’&{dif4\6ﬁe¥m@?réﬂ:ﬁl§&§i‘ﬁr{hﬁ ihv&foh! it id Bt lo MRlalISFbAKE: type flow
single set of velocity neasurenents (one velocity
nEHeu2énemfinermesdy straiderpémdiargmore divenatersbastredmpef He) turbulence

is determ ned by .t ath.transit tines he nunber . of

oS R SHeR P ReeS it hPBh Ll Rt 53€ aRPHEN bY e fier 26
et &faihdrs Hef turdudéncei @tdition®t BY, and e ukttaOdnis TRIneGe 4 ltself is less
typically be collected over periods ranging fromb5 to

16t dlerppring teeliplegiey /f urbgepmetef rldplen berefits from a similar
b : e fi yi.di ffer

¢ FEEE o 4 Bl S nd ok ] RE RS BRSNS Bpeif ponerates &
uptesaseodiap, Mhock the adtvasenie mbetersl 4 dues nat. Yappdieveldisplacement meter 14
system on t coupts: [ 0009 1) It does not mneasure

t fr&° v%eIHS'E?i”ty;\ﬁ‘ésv &r {)Jtme ?é apd g% hié %ﬁnﬁ@ﬁé‘r]&%?sn% dgthudence or flow
bedndidner at@T%eh Bt GOMIsufe B BRatef RfAn[(RARbaRY bgtthe turbulence
does not neasure velocity continuously, but" Instea

t edewldtioneset¢ descubed berapshot s” of the velocity from

which it determ nes an average. [0011] Because of

these properties, a transit tine ultrasonic neter

r Pands t o Figwewe HAREsBNAubtte tHerinehROCsr Wis ihe&Ridhl Yransit time
than other neters commonly used for custody transfer

i wltiapenip setess Bsas R dastrasel times of splses of wimrsonic enpsgy transiting from
T Hishtifine (RRITEASY STRRESHRT obhaRBty b B feures, oo ransmitting
random (i .e., turbulent) variations in |local fluid

vel ocity. These variations are both tenporal and

spatial, and an ultrasonic instrument nust nmake

mul ti pl e neasurenents to determne the true average

flow rate-to reduce the random error contributions due

to turbulence to acceptable |evels. Turbine neters and
positive displacenent neters, on the other hand,

respond to the flow field in the pipe as a whol e;

integration of the fluid velocity in space and tine is

i nherent in the nature of their responses. On the

o, o Y a1 e o



[0017] U trasonic neters determne a flowrate Qin
volunme units per second from i ndividual neasurenents

w@booblotsodo vel ocity al ong one or nore acoustic PeX/0S2008/013263
They t herefore nust generate pulses by neans of a

frequency conver t pr.ad ses a

C FEREEE B i EratiL r P 5SSt iaSehadl xts ther g stream in
t i dlk%ti@ﬁ Bl "ﬂ%sg B’k $rafliiV Beli¥ giv Oéjﬁlhe'\!fudneﬁt &F the distance
(T2 -Tl) [0019] If the uncertainties in e vol une of

t hetween t@asducenstandfthe guamaggtiaoyelesityeef the udtragowmd For a transmission
B LR AR B P PLR PR G5 U 558 e vetois

obf oB@sdUndda thé@nid i&erew‘uiﬂrthéllﬂﬂtd ﬁélo@@lslﬂﬁjeéfeﬁ%ﬂ% e acoustic path.
the flow instrunent calibration, In nore detai

oo Seqond I AEISNAN [SyERACEUSU I e getosimidirection (that s, from the

u r f ve

: g&g?%’tgégﬂtxrahfﬁdggt Gh dtfl\'x/g / )ﬁgrg % d% %?7(%3%&1” é‘lagﬁih%%r) (ﬁb k)ropagatlon

[ 06i2di}y iahbe M@_ bfﬂweﬂetlmt\mlm:éuyd)fdmvisahh@m tfe flii@ at rest and the
an, of the N.flow sanpl es coIIe t ring the prove,

OO IR Pro]eS T O S04SR P b S P OY g P At Ienith, the two
nﬁﬁﬁblt $n@Re %E(a%ﬂrenﬁiltsl\lyfeﬁp rede By Bkib¥e fll % %ﬁ!&ﬂé@ﬁs the ultrasound
taken during a proving run is given by.
sM@laﬂ@N)n the sﬁh(uN)at 1g'sp alptt)t)@ztt]ul&leyneh)cxtsprqectth@ osttoathel acalstic path. But,

tio n. pf flow sa
ARVl ERERCRA, M i Vloe PR oS he acoustic pah is
Vvagtedinkd gt oplyOBh @I%jp&yechbﬁ‘ JfURD Ul @RES axiaNvEIBEity (the variable that
i ndi vi dual flow nmeasurenents of the ultrasonic neter,
f Pesids dhBe Measirednpitalsoghe pet mg})@t:tlox{ fyomshe mpltiple turbulent eddies that

VARUERE oPPrdla HEQARIEIE N, TG dfkEKSn e opposite direction is

salso affacttd by the avrbulgngee lbﬁt)namguneraillg byl the 3smaieddige (@hRh may have
t he t& ﬁtence i ntensit it affects the standard

JBOVEL PRRCBICER A MHICBE Ok the candition dBtitatedt dHEwier 4., therefore,
t hRIHERRAsREmERERFEReedbll tQEe R Sk Btk SlckNGr tﬁ@‘ﬁh’bulent eddies and
proving run. These paraneters nust be such t
stherabyNp detsrmimglthe eyasegghaxid fong velecityhalbng tle pfaange of
measured neter factors does not exceed the
requi renment. Cal cul ations indicate that, if o nmean(N)
CRU7BE nmade Vel the mdiis sdd ldiddiddvas si4ae 8mmifilahMy IRhRer than the
than 99% of the tinme. [0026] Meeting these
r eiguetes of Hhestransdpenr aperteries et Sirwathg acenstin pathsaimeawhich the pulses
I r rati
o EIRSSHEL waRE BE Bl To 1R uldBYiddbRyabdtEn yelgoity produced
nby eheotangmml vd:lbcmy S)ﬁl'cmleddf' quluenmycanéeléd) itHéadhStransmission. This is
assuned Fe nu of sa | es }hat wil|l be collected
aﬁxlsﬁgte(g I £ LE0F tlpg thgybeans gt ultrasgymd, the comnogentpf an eddy that
tﬁ@%@\th@ Mﬁta)éoﬁ&f %ﬁﬁﬁegoﬂfﬁ Bftset By ihe rc'aprg)% 1¥tat§f* @E'sgﬁfe eddy that
due to turbulence in the flow nmeasurenents
peetdrde for Bedies ltypiaalbn mpvceam abeelpeityt blosd 17 8% aeemgge (loidevelocity—

st andard t,hou strea
AR T AL 8186 e B0 RSH OGAPATBBG3T e irasouna
Slslia tthd ordengl 30)@00LindMed degbic Tha® tieadispIsteRiedY, iddging Wulse transit, of
wi |l produce a sneao%le of about 0.04% Wth the this

p

vl @édbfmﬁ)ft%éhf( Q)7 inqhepigjestsloaxipk yidh i diyrical @&Ssiaeh ultrasonic
0. 0

st S Bk 8 ey s HREBERAL S fal B Tufotihee conditioner

provi ng experience. Experience also confirns what

cal cul ati ons show. Hi gher turbulence wll produce

still smaller probabilities of jguccess. [0027] This,

then, is the problem Turbul ence, such as normally

encountered in petrol eum product pipelines, adversely

affects the repeatability of the nmeter factors for

transit time ultrasonic floweters, as neasured in

short duration prover runs. Unless sonmething is done

to alter the character of the turbulence, it appears

that uItrasonlc flomneter neter factors neasured mnth

g o o



di anet ers downstream of hydraulic disturbances such as
bends, conpound bends, and header exits. [0029] The

woreiobomior reduci ng the effects of turbul encePenphmyee3263
by the turbul ence conditioners of this invention does

not .rel he elimnatiqn of turbulence through the

et aonds, aip, B hstiar 1ot uly diose e ik are Sgnindantly smaller
I 8dHCthe Wpeitiire! Hi@nfeRR AR SHUIERbi<ARSupP farfdrOMBA&MRIESthhS only eddies
brought about reducing the eddy sizes sSuch that they

awhosd dieweiey & spgnifieantlysanaliet Hian théepegiuoizeiprodieads of

the ultrasonic neter. [0030] The reduction in eddy

si zes produced by the turbul ence conditioners of this

| [0096] i on alaAs;mdt@BalisovieQintihe ipPéseRBmPehtibrl BR fahBGMERSIRidns of flow
of the randomvariations in fluid velocity produced by )

t sanpley ofithevdEasonirameter b4 errcpade snalh b sedticing thedurbutent eddy sizes
: . orfo ' . ot

R ECEY 8 P OE VRS bl W c0ad b Fle greter 14. The
pdaiwi ofgFigure foshew épr slaotiat ipwelucéd tiyea eatinele honeycomb turbulence
popul.ati on of eloci&y vari ati ns.(fUNNARY OF THE

| N1 Wihe fygwedntn 3 Uiexpdrasanigmetst df (the duplex
apRa AUdnbiels Falverdekétiady fildehBnddnP Wekdds 34 R’Jf\f?ﬁur ]Zeﬂﬁ‘s each), having
apparatus conprises an ul¥rason|c Tl ownet er I C
cuammdnterapegurestIif ofhepprrontinaiedy ofnchhbampetpe It wilblbghseen that, over a

| east one ir of rtures ere ch erture o .y
Rt R ot s clhsr BeR scondiRapt I Todlt atistif! ceviations for
Thei deRa T fRiw SampIER! dfSpprokimdicht VB QRN di stdrABRS deviation of 1.2%,
di sposed in the pipe having openi ngs where the pitch_ _
behigdeorldehs egpeqted dromy ks isame gnetend 4edresatinievin a straight pipe 12
A AT She AhnlBEARlIES16] 0032] The present

invention pertains to a turbul ence conditioner for a

pi pe. The conditioner has openings and a pitch. The
Cﬁﬂ@ktioner Eas | ]'s between the openi ngs whose

t ess i 4N§ TPIHEIONIR 1BF stardaid; dapatiopnid thsnidew isgmetes translates
h@%o 3mbRAGH HrdPingpdriorahtt CieOProding P& fitintdnle Wi

The0 p?gsent t?rnvg‘;gi?? orn pert ai nse ?rg angtrrEt h(%g{a%o? P honeycomb
dedrelitniner 1§ Wasuindafuresihby examimime theTiaegeref hwtercleinfacigen sets of 5

the steps of flow ng fluid through a turbul ence

B e Fecll- SRR e DSBS SHRF o ahtieawo 4 parh
t heteld | 4, athRbWREBreAP 8BRS afid WAEELHWO Biffeédt Powhg 3Blumes—a total
effective dianmeter of an aperture of an ultrasonic

f plothirb & rumpste Forceaehah theatesmeliersnl 4. hior tieaty ofrthese runesets a prover
pi e e LSyt ep. ;0
el P e lF sPRhb g OGRS bl SO TR o0 apels per hour
| regpaitively. per thei lemairdng rursthpdvEovolpmedifclionigareels with a flow rate of
t ul ence conditioner for, use wth an ultrasonic flow

nﬁ{(ﬁ} ﬁwi%\pﬁi heir Wiaseemployich Peyipg velumes dia the Bhto & barrel range are
| daital forithOn@neh et i ve diameter of an aperture in

t he pi pe through which the fl owreter conmunicates with

the interior of the pipe. There is the step of

d 1 ni Ngp,a. pit be en.holes in the conditioner ..
a@(ozgflunpt i gﬁo‘g?g ﬁ‘ﬂg cglﬁ%ﬂézeéf(iwglgotﬁ%%fse l?h ?19335‘1“5%8 conditioner 16
P Fediire | INMEN prddBntR@r ihaFipsrd 9. ahefidisdd S Hiflire 7 is the statistical
determning fluid flowin a pipe, conprising an '
utharaggerization rfnbe tflaw variphibishdevalopaddinga preceding section: 2 X Gimean,

5RO A ST IO D5, 974! 0y BAD sl messrd

by the apparatus is such that a neter calibration
nmeeting very narrow accuracy requirenents can be
determned in a few runs of a pgover (a volunetric
standard), a capability not otherw se achievabl e.
Several turbul ence conditioner configurations that
wi || produce the necessary alteration to the

turbul ence are described. A second arrangenent of the
apparatus is also described. It draws on a
configuration enploying a reduci ng nozzl e downstream
of the turbul ence conditioner but upstream of the

. NP = @ N2l FN"T"1 7R | 7~ == I r~rAlLAlU R 17N~ FF A/ S



condi tioner.[0045] Figure 5 is a sketch show ng
turbul ent eddies intersecting an ultrasonic beam (a)
waowranom1@ tur bul ence conditioner and (b) w t hP@hES2008/013263
turbulence conditioners of this invention [0046]
re 6. is a uIt obt a

€ neningpBui PoBurened dofrbFBiessftpies Niaken during tha

f rmvnmtseronqﬁuapmhe eshdure bEihe, ulginideeleh €4 mmetﬂdfée(about 50 Hz)
of the flow variations, as neasured by one standard

dawd teidwatiom afithe furoWhe arginats of Figuae f us thejayarage rangsvef the proving

553 TS R Gl PSS e B AL s

Spwmng ful&/dpproghacely eqiial & Pkat,.0f experi nent al
results, showi ng the average range of a set of five
nmeter factor neasurenents obtained with the honeyconb

ence I nic.: r
ol2P] Daa: nanhy weh@Qie B L B ABMbi0idct HOFRE peformance. 1 two
sstandiad dedeworst ofahe ofeasirempmtanrd + 0W020Ur, iamgrmalpdistviboton shows that

ol Biegif P PP AT S B 08 Penslabfomptsing e raceg are 1in 20,

b@the 6Ba¢ thaP b ¥RE OF MRNEMaikifS YbirSrudd W1 T8Il bliRide the opposite end of
per cent age of successful sets of 5 proving runs each,

athesbadrareilom 46. Thes thel edds afeabtaingdawodredels diffesmgay more than

ERD. 1 2 RO, LS AR 930 [ PSS QLAY B o,

siwgd2hologs,.=[0028%, kitgef dielftoding rids S dall within the prescribed
-condi tioner where the holes are not of equa

df-Rersianss 29-phosfithe fmfure 12 is a cross-section of a
conditioner with holes having 2 sides. DETAILED
DESCRI PTI ON [ 0052] Referring now to the draw ngs
wWo86] n | i kEigued &r snoes ﬁmnmadmageeéieﬁ rip gove keéts that were actually
identicagl parts throughout gveral views, and nore
LSRR e e e e Bt PR ST Shiks roris prpwes 43¢ prgiscted above,
amd figaré RBEWOthat L WBEE 218 6SNOWN. @%%’iﬁmsa‘iﬁo% of the 5 run sets were
apparatus1l0 for determning fluid flowin a 12.
Tﬁ@cwﬁdr #thes 219 ceenps instbs O St tangs,cﬁlnout ﬁD%mﬁD% ofithe 5 run sets
whi.ch ni e th the |nt r|or t he

rre osug 1 33‘?% g%t*égf oSSR, B PIgrEl yl’é1 ﬁé%’éé)aélcga‘é’ﬂh statistical
ap%ﬂkﬂbﬁ&18 of the one palr of apertures 18 has an

effective diameter. The apparatus 10 conprises a
turbul ence conditioner 16 disposed in the pipe 12

PORRP, o0 WSy S RER 2 o o

apningd evitl8 thd 068 chdidel ﬂowmeterotﬂevvlthGuthﬁﬁ mﬂidléncﬂ (Gtonditioner 16.

en the openin 2 whose i ckn ss c
Wﬁ@’t%ub fheogondpfionsy tqgh Srisen ‘E%Héqﬂtﬂ 1Br8f O ﬁa%n% |2k Rgsth for the 20
Whared) pesiies Dighplyihd ACule &d3s Pdte b ResPtHaG B0% T RehidB1sSfisolih 4p2dment with
be dlsposed up to 3 internal pipe 12 d anet er s ,
doviresitR&am of the conditioner 16. The pitch can be
| ess than the effective dianeter of the aperture 18.
The wall's 20 can have a thickness between 1/4 and 1/10

Of008RE pi t ClAs hiB®ebe peiviousBndied, YediidnddzIB D4 B@ch as described in
pitch. The pitch can be a function of the neter's 14

dfhﬁrﬁ?{eé‘r‘ prqu@lst»r tederepesd BESaPatenica.Fh8eM. ingrsperatedringts entirety by
g@ﬁ@gﬂgﬁ I

?}é‘ srce X Sl}{g iglg E%P?lﬁége\?'gl{l g&nt“g%@%?g %ﬁnélﬁ%e% P8 dggcrlbed herein to

have a cross-section that is two or nore sided. Frgure

12 shows holes that are two sided. Alternatively, the

hol es can have a circul ar crossgection, as shown in

figures 4a and 4b. A filter 26 can be disposed in the

pi pe 12 upstream fromthe conditioner 16. A nozzle 24

can be disposed in the pipe 12 upstream of the

fl ommeter 14 and downstream of the conditioner 16. The

neter 14 and the conditioner 16 can satisfy proving

requi renments for maxi mum and m ni mum fl ow vel ocities

for mhrch t he neter |s desrgned The condrtroner 16

. Y e Y



include the step of flowing the fluid through the

turbul ence conditioner 16 wherein the conditioner 16
wha®m7d9engt h which is made a function of the PUT/ER2008/013263

The flowng fluid through a turbul ence conditioner 16

step. can include.the ste f flowing the fluid.thyough

¢ kP dupERe P Eiokmtrrdiofll Mraies; BBy Thgscs Sube BIRAE nrbutence
| BbdifiaherPi @ enekBngdi tREREMESSiMHAS pandetés JriRribeddictdiR NPstream of a
16. [0058] The flow ng fluid through a turbul ence

c bfticinigoneszle @4s tafh amniltrasenigameten el 4s depnsifeatn ofiithg nozzle 24. An

t STe IR ondi tioner 16 : .
S RS o e U 068 SR R g 12 hameer
okt hiieinapdodsule tHe flowheoAzleon Bonfiduthtiord, RE©uBtsanic flow meter 14 is
t ur bul ence conditioner can include the step_ o

16 step et f .
f ISR fe £Ylipdaiceh tygah of 1€ PG#Ale | Hn b riBsreATS RS mean fluid
LSO A o1 25 R kY PHIERIERAS R T s o
t iy tha lqgenent b itk nozazhe24 thiox degmatemarnidrtbe upsrdahepipt d@ didmeter. The

f 1 owi the fluid through the turbul ence condjtioner
R 1S g GPORECR A PHIG o716 44 wpeiegosghe average
t iFIARE vEIBEItR it Ades hBPSBhifitasly bRw g thhatintial DEBEERs 3f the turbulent
turbul ence conditioner 16 st'ep can inclTude the step of

f eddieh glhusehe fubdlenes sl berchriageipbayesrgsefleidndiledipnisreduced. Tests
1 j | &5 -section that i
SRESERLAIR U0 ARG E RTFHG Bl AP A4 rece

t brandigtl deviativh Wi éndieidaanflow inaeiireAnttBPation b UB@sr bhévo, as might
step of flowng the fluid through the turbul ence

c b arpaeserinced liheDeim #hEhnbsees haerelel4 downstesam of the turbulence
cross-section.[0060] The flow ng fluid.through a _r

C TR ERE P o AT s R 1 it deidnS papaagd deviations
f bowerfibw BEFfdubd @ fidh 049Nt20.0596t The 2RaklBRAS KBuldhdiPEthe (2 Omean)
pi pe 12 upstream fromthe conditioner 16. The fl ow ng

f dafadof Kignirsh’ @nd u¥.bighding do clORds shensey euen switiptheat0 barrel proving
ignggg the step of flowng the fluid through a nozzle

2 alsposed in the pipe 12 upstream of the flowreter

14 and downstream of the conditioner 16. The neasuring

ste an include the step of neasuring the flow wth .

t Cer 141 WﬂU&# beened thab e, PYigh fegrunetebaysito by dxed. Figure 9
MBIRSWA [afer HoR 8 3B UIEE RFost BRI oMBBLBhERGnE FS. Figures 10
flowwth the meter 14 which neets the proving

r el t elmewn theadpenings @2 ap7votii equal dimensions, butwarypr ovi ng

runs. [0061] The present invention pertains to a

nmet hod for producing a turbul ence conditioner 16 for

uggdsyl t h an AltHough ahé GnVdnPeHEHa8bebt ddicribddl RE dddil hh@e foregoing
met hod conprises the steps of identifying an effective

drabedigensy foxrthe parnase ofiiHustiationi ¥ds 1@ be hmdargtpodhihehsuch detail is
t ha.f i cates wit ] ' he . .
o260 9P Bl SRTRALY SRR UL, HRE, ABKHH bl ki in o

betitheen depdrasg ifrorh hthe cpitili indBEspel6f alte dnvieutioi iexdepsif as it may be
tge egf$ﬁ$ive ﬂianet r. [0062] There can be the step
ofessEPeT RY HsnfgllgWing JdrRiMSss of wal |'s bet ween t he
openings as a function of the pitch. There can be the
step of determining a length of the conditioner 16 as
a function of the pitch. There can be the step of
bui l ding the conditioner 16 having the pitch, wall

t hi ckness and | ength determined in the determ ning
steps. The building step could include fabricating the
center portion 35 having the holes 22, cutting it to

l ength and dianeter to neet thejdesi gn paraneters
determined for the pitch, wall thickness and | ength,
and attaching a flange 37 to the center portion 35 so
it can be seated in the pipe 12. [0063] The present

i nvention pertains to an apparatus 10 for determ ni ng
fluid flowin a pipe 12, conprising a

turbul ence-altering turbul ence conditioner 16 and an
ultrasonic transit tine floweter 14, both placed in

o A~ " r = - . e



turbul ence conditioner 16-the spacing between the

centers of the openings 22-is one-half the effective
waelc@owtsono of the apertures 18 of the ultrasoni BCHES®NS/013263

14 (1A inch pitch vs. 1A inch aperture); although

generally, the pitch s 1 the effective

di aneter of the apertuB&ﬁggLﬂﬁgtziggﬁiﬁge 18 di aneter

is equal to the diameter of the transducer assenbly if

the bores of the pipe 12 penetrations containing the

ul trasoni c tlr dsapreestuatos detsiinseng fleiddinyain opipeeanipyising:

equal to the dianeters of the transducer assenbli es.

In some ultrasonic nmeter 14 designs, the mnor

di amet er of ahhftreqaid Agw2riieien Witleh icBingfuhadatedadvith A8e Qhterior of the

the pipe 12 through which the ultrasonic energy passes _

i BIPSniRroueh athigast: ¢fte BRIAmEtapertes: wheter eashdapedire of the one pair of

a I ] - thiss mnor dianeter of the

o%%%ﬁ?%mgfaﬁéﬁgﬁgvigég%F¥V£hdianeter of theaperture

18. Substantial reductions in flow variations have

been obtainedg h the Ain% pi t ht&lo 1A inch _

aperture 183/HOUENCRGRRAEPNET %ﬂ‘?sﬁff’é]a & PIRSRAYERS Qpfpings where the
. t . ek

e D S A RRRLL e ot B e

walls 20 of the honeyconb is a snmall fraction of the

pitch (in the Qrder of 1/1Q). . cul at.ions show that ...

el Ts 50"t har APeTPaRs & deubR B an T eRrgH e eonditioner has

t wabybemeen eRhehings &hod thickneheis haG8& oAl of 1 pigchl/ 10

of the pitch-will provide adequate structural strength

for the turbul ence conditioner 16. Because the walls

20 are thiny t ' t i [ . [ "

extrenely sr3n'al‘Fﬁgﬁg%ﬁéra-ggﬁg{rﬁ)egﬁgudg}ﬁlwngt‘{’l%%glﬁr%%%? géltloner has a

t lemgthewhieh &t a Atnictien of tHelpétchl ow vel oci ti es nmeasured by

the ultrasonic nmeter 14 (because the eddies are very

small relative to the dianeter of the aperture 18). In

this regardg4t he, RERGYGOTIR dQRMbedYh Fi1hid3 %réiﬁ%&@%@& is disposed

turbul ence conditioner 16 configurations covered In

t hp &0 3 mtemal ppe diamadters dpwnstreansofibe iconditiondrhe pl at e

conditioners 16 of the previously referenced patent,

where the dinmensions of the |igaments are in the sane

order as thg, hgh@pparhRidGE]ldederibbianaXhidh 4/ WRGLR @ HildR is less than

turbul ence conditioner 16 is in the range of 5 to 20

t theeedfeehee diameter of Hiesapeript h is sufficient to

elimnate global vortices created by features of the

pi pi ng upstream of the conditioner 16, obviating the

need for additiAmnappdratasas adedéribedninn @laihu 5 beth@dizethe walls have a

conditioners 16 enpl ayi | ar ge di aneter tubes or :

pﬁ%@%@S%WﬁﬁfﬂbVé§ggf%%Nggﬁﬁﬂﬂy provi ded for turbine

and ultrasonic neters 14 to elimnate gl obal vortices.

Wth the proposed turbul ence conditioners 16 these

wi |l not be7netespparptus Hsalescribedan A0ai I6ewlytrbint the dength is 5 to 20

rﬁtioﬂﬁjs% provi des a configuration that is axially

stFF M Peby produci ng a structurethat does not

deflect significantly in the flow streamand that is

strong enough to withstand flow forces. Cal cul ated

pressure dr Sps\bRPRAREUS aF Sescabedincolatn (7 whrseis the holes have a cross-
descr.i . el .eaqnparabl e to the pressure drops
o$§%gh@§%f$§%g%q?ﬁ%§“%§pe fl ow conditioners. The
pressure drops of the turbul ence conditioners 16
described herein are I ess than the pressure drops of

pl ate type turbul ence conditioners 16 such as
described in the previously referenced patent. [0068]
4. In Figure 2, the ultrasonic neter 14 is | ocated
approximately one internal pipe 12 dianeter downstream
of the turbul ence conditioner 16. Data discussed | ater
show t hat marked inprovenents in proving perfornance
are achieved with this configuration. A separation in
the range of up to 3 internal pipe 12 dianeters wll
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or preserved by the turbul ence conditioner 16 to be
"seen" by the ultrasonic neter 14, degrading its
w@apabiddiay to integrate the axial velocity preéT/U82008/013263
nunmerically. [0069] Figures 3A, 3B, 3C, 4A 4B and 4C
show alternative configurations for turbul ence
conditioners 16 neeting the requirenents prescribed
above. For eachagpgitus tdiededditdd e @iith 9f whB®in the holes have a
condi tioner 16 provides stiffness which reduces axial
deifeuden Gresisseahien.st r esses to very smal |l val ues provi ded
the egg-crate of Figures 3A, 3B, and 3C and the tube
bundl e of Figures 4A, 4B, 4C can be made to act as a
pl ate such tibatAt bppdramsial destibes e €lam 7 heclelding atfileaMisposed in
e&% can be transmtted fromtube to tube. Forthe tube
bidiRe WRTEgR 5 HhGeRNIAIONET 4B, and 4C, this is
acconpl i shed by redundant neans: [0070] (a) A shrink
fit, produced by heating the enclosing pipe 12 100 F
bef ore i nserili nyn apparitusdé describbé & ChaimdLUE gxluding a nozzle disposed

frictional forces between tubes capabl e of ..

ol G PERCHRSOET &1 HRFc S PTLor( 6 JB P ErER R e GoBfitioBeige

them and [0071] (b) Spot wel ds between adjacent tubes

near the downstream end of the bundle, ensures that

t he bundl e dét s Adisappasitpglas dasenibaduire Claym di nwheresl yhe pitch is a

L BB 4P 8B P R R BB a e o Sti T en the

downstream corners of the egg-crate conditioner 16 of

Fi gures 3A and 3B. [0073] Because petrol eum pi pel i nes ]
are not fred3ofA BEBylpaceqopditionemior 8 Dpe Higsanditiaperagving openings
o 3 Por A nr A Tang b Eer Bibhorfhde MByg, thickness is 2
i funenom ofitheipitchsthb epaditionalhas e langgt whichas b dislogion tof gee pitch.

flow filter 26 or fine nmesh strainer five or nore

di anet ers upstream of the turbul ence conditioners 16
prescribed her ed fetldieforAgfe@dtifs ALRISAOK §n laQiSe comprising the steps
generated by the filter 26 or strainer, the turbulence

cefdi tioner 16, and the ultrasonic floweter 14 itself

is less than that of conpeting technol ogies. A turbine

meter 14 also benefits froma simlar filter 26 and a

f 1 ow condi t iflomélig HaNd NBroaghi Arith®ulepte coHdRiodEr0AisPOskd in the pipe
itself generates a pressure drop, which the ultrasonic )
nB3ang eReyBEs Wheke, tha piel betwesn dpspngs dfddefetugetiany of an effective
SURMARTS Bh dheltBRe Br fanl bitfascic AAVHORH Ahibll BRRRIALS with the
has no turbul ence or flow conditioner, itself

gewaratod sheapipe dwsugletheapsrtgepatder t han t hat produced

by the turbul ence conditioners 16 described herein.

[0074] Figures 5A and 5B illustrate the principles of

t hi s i nvent n@RAsurfip2ihs iffowt WitE thd the@soni ¢ meters neasure

the travel tinmes of pulses of ultrasonic energy

transiting froma transmtting transducer to a

recei ving tnrnansqu t . QuUr es, . : . :
transmtti né? r a%s g’ﬁecﬁ:%%d H%Sﬁgcer&)g?d eglaél%pllﬂt s‘%hetrﬁlgt t}ﬁesﬂowmg fluid
t theorgdhi M gurblilagenednditioner oep indiedes ltaystep bE AWK tHeefluid through the
direction of flow The pulse's transit tinme is given
biprRHencguAdEneh Vherrn dieseonditionsehaiewalls Paiwegndae gpenings whose
afseinREs iﬁmﬁ%hﬂﬁbnvﬁtﬁék;h%.m the ultrasound. For a
transmssion in the direction shown in the figure, the
propagati on velocity is the sumof the velocity of

ultrasound in the fluid at rest and the fluid velocity

proj ected onto the acoustic paph. Wen a second

transm ssion is generated in the opposite direction

(that is, fromthe downstreamtransducer in the figure

to the upstreamtransducer) the propagation velocity

is the difference between the velocity of ultrasound

inthe fluid at rest and the fluid velocity projected

onto the acoustic path. Thus, know ng the path |ength,

the two transit tinme neasurenents yield two equations
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retards it. Eddies typically nove at a velocity close

to the average fluid velocity- typically in the order
wW@20030B®1nches/ second. The propagati on vel oci t RCDUS100&013263

ultrasound is in the order of 50,000 inches/second.

Thus the displacenent, during a pulse transit, of an

eddy within the 0.7 inch projected axial width of a

(typical) 016. i BChethdd as QRb&iHet ARSTIatHl P§ WRAENI the flowing fluid

negligibly small. Thus the rule is that the turbul ence

c Brengh Hsbeertegrpnslitinet stap lieslpdeidhpstsp af fovfingtieyfluid through the

t | es5:. i Lanj f.i. t,| mal.l er . than the .

28 e (R BL e B PG RR a3 TR Bhici i3l fumction of

stietpitchat only eddi es whose dianeter is significantly

smal l er than the aperture are produced. [0076] As

noted above, in the present invention, the random

devi ati ons f lx0 - upbtEasoni en 1 : :

are mde a1 By oo defyritel in GRS 8 46 fBh e lowing fuid

sthréughhaturbideycearomdéidner stiep egtudes ehastep ofiflohviing theefluid through the

acousti c bea of the ter 14, The data of. Figure 6

it PORiReresn POkt By > Anbs vl CPIoR CHapElHD apstream of the
t bentigeee conditioner 16, as shown in Figure 1, in a '
6 inch duplex ultrasonic neter 14 (the duplex neter 14
consists of two essentially independent neters 14 of

four paths ch),, WA tr ansducer ertures 18 of . .
appr oxi mat el??/' 17y s Oéilngsms e%crn_sne#ftmmg:fafmbtysel'éeﬁexflhtgxfe’ flowing fluid

otlesugh Diutbulam@ecoiditidnensiep tikttudey thaibten 6€ flo@it theGMAA through the
16 produces standard devi ations for individual flow

s Biplerceopondifinnsy i Whgreiny they pisghy isefestighan sheagtfagtive diameter of the
dg&%@&éon of 1.2% which would be expected fromthe

same neter 14 operating in a straight pipe 12 wthout

the turbul ence conditioner 16). [0077] The reduction

in the standard deviation jn the flow. sanples . . _
transl at es gﬁt oA sRdeas ﬂFB‘Kﬂtbﬁg ‘Be&%?‘nggé@erqiﬁethe flowing fluid
PiHRMigh%a REUEIEBAIERERIt¥nER stE{ﬂ MRS YOS 6P ﬁg{’v‘iﬂg’ﬁ%rﬂlﬁ@ through the
was nmeasured by exam ning the range of neter 14
f ticbwence gpndytonenwhramr thd wglls haee e slobknete beates 194 t5 1/10 of the
Lﬁqa}rials were carried out for each of the two 4 path

ers 14, at two different flowrates and with two
different proving volunes-a total of thirty 5 run sets
for each of the two neters 14, For twenty of these run

sets a provéP- vO meEhask apaleprathed i Ghaamehvdigsein thg flowing fluid
Sﬁﬁéueg%a&nlrﬁlsle&éo&nﬁﬁ%ngz 88 BRiddRk PG e Hbwing the fluid through the
respectively. For the remaining runs prover %ol-uime
ofurthderxaraoad sionert Wwhereinl thevlangtheis 6fto 20Q@hndsahe pitch. per

hour was enpl oyed. Proving volunmes in the 10 to 20

barrel range are typical for the two flow rates.

[0078] Provong dabiiiddl hedesdivdlirinn@laihierd Sotietei R flowing fluid
the turbul ence conditioner 16 of Figure 1 are

pthegught 2 rbyemieqonditionemitep asdudes ske tp Bf fowengrthedutith¢hrough the
S ihstical .characteri ' f the flow.variabilit )
aufei B 3 PARATREEITAC b3its Rays 4 Gope- SRR e drqpore sidea
qguotient of the standard deviation of the individua

fl ow sanpl es neasuredduring a proving run and the

square root of the nunber of sanples N taken during

that run. Nis conputed as the product of the

ultrasonic neter 14 sanple rate (about 50 Hz) and the
duration of the run. The ordinate of Figure 7 is the

average range of the proving runs. Alinear trend o f

the data shows that the averageqrange of the data from

a set of 5 proving runs is approximtely equal to 2

mean- [0079] This trend line can b e used to project

proving performance. If two standard deviations o f

the neasurenents are 0.025% a normal distribution

shows that the odds that one run will fall outside a

0. 05% band enconpassing the nmean are 1 in 20. The odds

that any one o f the remaining four runs will fal
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conditioner 16 neeting the dinmensional paraneters
prescribed herein upstream of a reducing nozzle 24,

wWowab/0z81ul trasoni ¢ nmeter 14 downstream of t heP@DEE1068/013263
24. An expandi ng diffuser downstream of the neter 14

restores the,upstream pipe, 12.di.aneter._at nmni mal .| 0§s . :

hi the f1ow2Rozd é"egbf’ngEfqeémbﬁfii %&%‘We&ﬁﬂf’ﬁ%{?&nfhé fiSwing fluid

f trevades airbdknéscdraednRel siep ihdl@ded)thé BEp iof Alowtifg BRL AN through the

t he nozzl e 24, which increases the nean fluid velocity

s Bebulpyce qpadiioner wharehsthe heles baypr siedlarpirossnischien.a

rati o squared. The beta ratio is the quotient of the

nozzl e 24 throat dianeter and the upstream pipe 12

di aneter. The. r aduwdthah as ”iebdtited| @NCRaimone Swidieimt the flowing fluid
while the nqozzle 24 increases the avera

because, e .
f ﬁﬁ?@s altybplepce ponqipenrer stp Wrlydes theatien of Aopars 8Weﬂmd through a

t angemtiikd Y@{h%;ﬁigé E5tRm A Y Bubfdhe£ddi €s. Thus

the turbul ence as a percentage of average fluid
velocity is reduced. Tests have denonstrated the

ability of zzles 24 havi eta ratig of 0.67 to ) .
r educeyt he gg andaff P%t4ggw%85 ‘inngﬁa\ﬂndggl‘”}??r%‘% the flowing fluid
neRskteRitbalchAYe abmditioter fstpt BE1uaEs tHeOsterSf ModiMg BR fluid through a
expected since (1/0.67)2 A The use of a nozzle 24

dao#rde rdaspesed inhiet pipsubesteamc ohdhe i Bovemetes dngt downstream of the
ugﬁkﬁ§&ﬂ%of the floweter 14 would reduce the standard
deviations of the flow of Figure 6 fromO0.5%to 0.25%

The arrangenent woul d hal ve the (2 snean) data of

Figures 7 and 8, leading to 100% success even with the

10 barrel previfgmsthodms. dgsoobest in Claigodf gviaeingthe gneasuring step
tnﬁiudteFQhQ' §t&ﬂ oqoﬁl%aﬂﬁ’itnghﬁ%eﬂBQ/ Qf?thf hﬁ%e%eté' AMich ?neets a proving
shows [arger 'holes 1n sone part of the cross section
ofequirementndi t i oner 16. Figures 10 and 11 show t he

openi ngs 22 are not of equal dinensions, but vary.

[0084] Although the invention has been described in

detail in the fArAe@bédoepRRLENEY furb@EndehEorRitides o0fise with an
illustration, it is to be understood that such detai

i gltragorad flopgnetehx a pipe gowprising thensiepsvedt i at i ons can be

made therein by those skilled in the art w thout

departing fromthe spirit and scope of the invention

except as i idemtifying aesffedtiveddibmnetdneotl o apeiting in the pipe through
claims, WHAT IS CLAIMED IS: 1. An apparatus for

detishihe iRy mster cemmgieates Withthsantesiopef dremipe; apd

ultrasonic flow neter which communicates with the

interior of the pipe through at |east one pair of

apertures, vhermsingsg h paplebétween bbles e thenmndaionends a function of the
apgrtur hqs an effective dianeter; and a turbul ence
cgﬁﬂﬁ??gﬁ%?eaWsposed in the pipe having openings where

the pitch between openings is a function of the

effective di ameter of the aperture. 2. An apparatus as

descri bed i #7CAaingthpd\p desarihed heClomdittindndmglihe stap bf determining
b eni 1 hi Ny fupnction of

¢ RONETs 6Py BRCOLASE, WaRREnhet GLRRRbT o e 2

wherein the conditioner has a length which is a

function of the pitch. 4. An apparatus as described in o
O ai m 3 wher8i i MRkoR@e descrided isklam 7ypcluging thestep ghfetermining
pi ' : I onditioner. 5. An
a%%gﬁg{ﬁgﬁggsﬁgggyﬁ%ég%?ﬁhg%éﬁﬁﬁw& erein the pitch is

| ess than the effective dianeter of the aperture. 6.

An apparatus as described in Claim5 wherein the walls

have a thickness between 1/4 t@s51/10 of the pitch. 7.

An apparatus as described in Claim6 wherein the

length is 5 to 20 tines the pitch. 8. An apparatus as
described in Caim7 wherein the holes have a

crosssection that is two or nore sided.9. An apparatus

as described in Caim?7 wherein the holes have a

circular cross-section. 10. An apparatus as descri bed

in daim7 including a filter disposed in the pipe

.



di aneter of an aperture of an ultrasonic flowneter
whi ch communi cates with the interior of the pipe
wa boooigild he aperture; and neasuring the fl ow RET/0S100£013263
meter. 15. A nethod as described in Caim 14 wherein
the flow ng fluid through a turbul ence conditioner
step includes the step of flowng the fluid through

the turbul enoe Aantidd mescriba i Cluifl e i@6Rdirdg th8 fep RESUilding the
wal | s between the openi ngs whose thickness is nmade a

f Gorditioner drvingethgipiteh, wall thickeash aad dengtie determimgdiin the determining
Chg%§115 wherein the flowng fluid through a

turbul ence conditioner step includes the step of
flowng the fluid through the turbul ence conditioner
wherein the conditioner has a length which is nade a
function of the pitch. 17. A nethod as described in
Claim 16 wherein the flowing fluid through a

turbul ence conditioner step includes the step of
flowing the fluid through the turbul ence conditioner

di sposed up to 3 internal pipe dianeters upstream of
the conditioner. 18. A nmethod as described in Caim17
wherein the flowng fluid through a turbul ence

condi tioner step includes the step of flow ng the
fluid through the turbul ence conditioner wherein the
pitch is |ess than the effective dianeter of the
aperture. 19. A nethod as described in Caim1l18
wherein the flowng fluid through a turbul ence

condi tioner step includes the step of flowi ng the
fluid through the turbul ence conditioner wherein the
wal | s have a thickness between 1/4 to 1/10 of the
pitch. 20. A nethod as described in Claim19 wherein
the flowng fluid through a turbul ence conditioner
step includes the step of flowing the fluid through
the turbul ence conditioner wherein the length is 5 to
20 tinmes the pitch. 21. A nmethod as described in Caim
20 wherein the flowng fluid through a turbul ence
condi tioner step includes the step of flow ng the
fluid through the turbul ence conditioner wherein the
hol es have a cross-section that is two or nore
sided.22. A nethod as described in Caim20 wherein
the flowing fluid through a turbul ence conditioner
step includes the step of flowing the fluid through
the turbul ence conditioner wherein the holes have a
circular cross-section. 23. A nethod as described in
Cl aim 20 wherein the flowing fluid through a

turbul ence conditioner step includes the step of
flowing the fluid through a filter disposed in the

pi pe upstream fromthe conditioner. 24. A nmethod as
described in Caim20 wherein the flowing fluid

t hrough a turbul ence conditioner step includes the
step of flowng the fluid through a nozzle disposed in
t he pipe upstream of the flowreter and downstream of
the conditioner. 25. A nmethod as described in O aim20
wherein the nmeasuring step includes the step of
measuring the flowwth the neter which neets a
proving requirenent. 26. A nethod for producing a
turbul ence conditioner for use with an ultrasonic flow
nmeter in a pipe conprising the steps of: identifying
an effective dianeter of an aperture in the pipe

t hrough which the fl owreter congunicates with the
interior of the pipe; and deternmining a pitch between
holes in the conditioner as a function of the
effective dianeter. 27. A nmethod as described in O aim
26 including the step of determning a thickness of
wal | s between the openings as a function of the pitch.
28. A nethod as described in Caim27 including the
step of determning a length of the conditioner as a
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