el EVROPSKA UNIE
* * Evropské strukturalni a investiéni fondy
** " M Operacni program Vyzkum, vyvoj a vzdélavani MINISTERSTVO SKOLSTVI,
MLADEZE A TELOVYCHOVY
Kupni smlouva

uzavrena dle ust. § 2079 a nasl. zdkona ¢. 89/2012 Sh., obfanského zékoniku, v aktualnim znéni (dale jen
”OZ”)

1. SMLUVNIi STRANY
Ceské vysoké uéeni technické v Praze — Fakulta strojni
se sidlem: Zikova 1903/4, PSC 166 36 Praha 6
adresa fakulty: Technicka 4, 166 07 Praha 6
ICO: 68407700
DIC: CZ68407700
zastoupena: prof. Ing. Michaelem Valdskem, DrSc., dékanem
Bankovni spojeni: , Cislo uctu:

(ddle jen "Kupujici")

OptiXs, s.r.o.

se sidlem Krivoklatska 37, 199 00 Praha 9

zapsana v obchodnim rejstfiku vedeném Méstskym soudem v Praze, oddil C, vlozka 212818
zastoupend Ing. Martinem Kleckou, jednatelem spole¢nosti

Cislo uétu vedeného u spravce dané:

ICO: 02016770

DIC: CZ02016770

(ddle jen "Prodavajici")

(Kupujici a Proddvajici ddle spolecné jen "Smluvni strany" nebo kaZdy z nich samostatné jen
"Smluvni strana").

uzaviraji dnesniho dne, mésice a roku tuto kupni smlouvu (ddle jen ,,Smlouva*“)



2.1

2.2.

2.3.

2.4.

2.5.

2.6.

2.7.

ZAKLADNi USTANOVENI

Prodavajici bere na védomi, Ze Kupujici povazuje ucast Proddvajiciho ve verejné zakazce pfri
splnéni kvalifikacnich predpokladd za potvrzeni skutecnosti, Ze Prodavajici je ve smyslu
ustanoveni § 5 odst. 1 OZ schopen pfi pInéni této Smlouvy jednat se znalosti a peclivosti, ktera
je s jeho povoldnim nebo stavem spojena, s tim, Ze pfipadné jeho jednani bez této odborné
péce pujde k jeho tiZi. Prodavajici nesmi svou kvalitu odbornika ani své hospodarské postaveni
zneuzit k vytvareni nebo k vyuZiti zavislosti slabsi strany a k dosaZeni zfejmé a ned(vodné
nerovnovahy ve vzajemnych pravech a povinnostech Smluvnich stran.

Prodavajici se stal vitézem zadavaciho fizeni vyhlaseného Kupujicim dle zakona €. 134/2016 Sb.,
o zadavani verejnych zakazek (dale jen ,ZZVZ“) na zakazku s ndzvem ,, Anemometricky systém
PIV pro neinvazivni méfeni rychlostnich poli tekutin” (dale jen ,, Zaddvaci fizeni“).

Vychozimi podklady pro dodani predmétu plnéni dle této Smlouvy jsou rovnéz:

(i) Zadavaci podminky Zadavaciho fizeni;

(i)  Technicka specifikace;

(iii) nabidka Prodavajiciho podand v ramci Zaddvaciho fizeni, a to v ¢asti, ve které predmét
plnéni technicky popisuje (dale jen ,Nabidka“).

(ddle jen ,,Vychozi podklady”).

Prodavajici prohlasuje, Ze disponuje veskerymi odbornymi pfedpoklady potfebnymi pro dodani
predmétu plnéni dle Smlouvy, je k jeho pInéni / dodani opravnén a na jeho strané neexistuji
zadné prekazky, které by mu branily pfedmét této Smlouvy Kupujicimu dodat.

Prodavajici prohlasuje, Ze pfejima na sebe nebezpeli zmény okolnosti ve smyslu ustanoveni §
1765 odst. 2 OZ.

Smluvni strany prohlasuji, Ze zachovaji mlcenlivost o skutecnostech, které se dozvédi
v souvislosti s touto Smlouvou a pfi jejim plnéni a jejichZ vyzrazeni by jim mohlo zpUsobit Ujmu.
Timto nejsou dotceny povinnosti Kupujiciho vyplyvajici z pravnich predpisu.

Prodavajici bere na védomi, Ze predmeét plnéni dle této Smlouvy je soucasti projektu s ndzvem
»Centrum pokrocilych leteckych technologii”, reg. ¢. CZ.02.1.01/0.0/0.0/16_019/0000826 (dale
také jen ,Projekt”), spolufinancovaného z prostredkd Evropského strukturalniho a investi¢niho
fondu v ramci Operacniho programu Vyzkum, vyvoj a vzdélavani (dale jen ,OP VVV“).
Prodavajici bere na védomi, Ze jelikoZ je kupni cena financovana z prostfedkl dotace, mlize mit
nesplnéni jakékoliv povinnosti Prodavajiciho dopad na financovani. Konstatovani vydaja jako
nezplsobilych, pfipadné udéleni odvodu ¢i spravnich sankci v dlsledku poruseni této
povinnosti bude predstavovat $kodu, kterd Kupujicimu vznikla.



3.1

3.2.

Pfredmét Smlouvy

Pfedmétem této Smlouvy je zavazek Proddvajiciho dodat Kupujicimu a prevést na Kupujiciho
vlastnické préavo k:

Anemometrickému systému PIV pro neinvazivni méfeni rychlostnich poli tekutin.

Konkrétni parametry doddvaného pfistroje jsou uvedeny v pfiloze €. 1 této Kupni smlouvy.

(pFistroj uvedeny v odst. 3.1 dale jen jako ,pFistroj“).

Soucasti pInéni Prodavajiciho je také:

(i) doprava pfistroje do mista plnéni, jeho vybaleni a kontrola,

(i) pripojeni pristroje k instalacnim rozvodim v misté plnéni véetné jeho uvedeni do provozu
a sefizeni,

(iii) demonstrace provozu pfistroje a ovéreni parametrl poZzadovanych Kupujicim (a to formou

demonstracniho meéreni). Toto ovéreni bude soucasti instalaéniho a predavaciho
protokolu. U kalibrovatelnych zatizeni bude pristroj dodan véetné kalibracniho listu.

(iv) zpracovani a predani instrukci a navodd kobsluze a udrzbé pfristroje v ceském nebo
anglickém jazyce Kupujicimu, a to elektronicky a v tisténé podobé,

(v) provedeni zaskoleni osob urcenych Kupujicim k obsluze pfistroje v ¢eském jazyce (tzn.
poskytnuti vykladu o konstrukci a funkci pfistroje, predvedeni obsluhy pfistroje vcetné
postupl vsech rutinnich méfeni a udrzby pfistroje vykondvanych obsluhou pfistroje,
metodické vedeni a kontrola Skoleného pracovnika/G pfi praktickém nacviku obsluhy a
udrzby vykonavané obsluhou pfistroje, prezkouseni Skoleného pracovnika a vystaveni
potvrzeni opraviujiciho Skoleného pracovnika k obsluze a udrzbé pftistroje),

(vi) predani prohlaseni o shodé dodaného pfistroje se schvalenymi standardy,

(vii) poskytnuti opravnéni k vykonu prava uzit software (licenci) tam, kde je to pro fadné
uzivani predmétu plnéni nezbytné ¢i tak Prodavajici pozaduje dle této Smlouvy,

(viii) vypracovani seznamu dodanych polozek pro ucely kontroly,

(ix) odvoz a likvidace nepotiebnych oball a dalSich material( pouZitych Prodavajicim pfi plnéni
této Smlouvy,

(x) zarucni servis Prodavajicim, a to ve Ihitach uvedenych v ¢l. 11 odst. 11.9,

(xi) zavazek zajisténi servisnich prohlidek,

(xii) zdvazek zajisténi nahradnich dilG, a to po dobu 5 let ode dne uplynuti posledniho dne
zarucni doby,

(xiii) spoluprace s Kupujicim v prabéhu realizace dodavky, spocivajici mimo jiné i v kontrole
pfipravenosti prostor pro instalaci pfistroje,

(xiv) zadvazek Prodavajiciho k dodrZovani Pravidel OP VVV, vcetné pravidel pro publicitu.

(pristroj dle odst. 3.1 a pInéni dle odst. 3.2 tohoto ¢lanku Smlouvy dale i jako ,, doddvka*“).



3.3.

3.4.

3.5.

4.1.

5.1.

5.2.

5.3.

5.4,

Kupujici se zavazuje radné a véas dodany pfistroj, sluzby a prdce prevzit a zaplatit za né
Prodavajicimu kupni cenu uvedenou v ¢lanku 5. této Smlouvy.

Proddvajici vyslovné souhlasi a zavazuje se Kupujicimu pro pfipad, ze pokud ke splnéni
pozadavk( Kupujiciho vyplyvajicich z této Smlouvy véetné jejich priloh a k fadnému provedeni a
provozu pfistroje budou potfebné i dalsi dodavky a prace vyslovné neuvedené v této Smlouvé,
tyto dodavky a prace na své naklady obstarat ¢i provést a do svého plnéni zahrnout bez dopadu
na kupni cenu podle této Smlouvy.

Prodavajici se zavazuje za podminek stanovenych touto Smlouvou radné a vcas na svij naklad a
na svoji odpovédnost dodat Kupujicimu pfistroj do mista plnéni a predat mu ho, a dale provést
sluzby a prace specifikované v odst. 3.1 a 3.2 tohoto ¢lanku Smlouvy. Prodavajici odpovida za
to, Ze pristroj a sluzby budou v souladu stouto Smlouvou, Vychozimi podklady, platnymi
pravnimi, technickymi a kvalitativnimi normami, a Ze ptistroj bude mit CE certifikat.

Vlastnické pravo

Vlastnické pravo prechazi na Kupujiciho prevzetim pfistroje. Prevzetim se rozumi podpis
predavaciho protokolu o predani a prevzeti pristroje obéma Smluvnimi stranami, kterym
zaroven prechdzi na Kupujiciho i nebezpeci skody na pfistroji.

Kupni cena a platebni podminky

Kupni cena za predmét Smlouvy uvedeny v ¢lanku 3 odst. 3.1. a 3.2. byla stanovena na zakladé
Nabidky jako cena maximalni a neprekrocitelna, a to ve vysi 2.088.696,- K¢ bez DPH (slovy dva
miliony osmdesat osm tisic Sest set devadesat Sest korun ceskych) (dale jen ,kupni cena“), plus
21% DPH ve vysi 438.626,16 K¢ (slovy Ctyfi sta tficet osm tisic Sest set dvacet Sest korun
ceskych a Sestnact halér), tj. celkem ve vysi 2.527.322,16 K¢ s DPH.

Kupni cena zahrnuje veskeré naklady spojené s plnénim predmétu této Smlouvy, vietné
nakladl na pojisténi pristroje do doby jeho pfedani a prevzeti. Kupni cena je nezavisla na vyvoji
cen a kursovych zméndch.

Kupni cena je za predmét plnéni cenou nejvyssi pfipustnou. Kupni cena muze byt ménéna
pouze pisemnym dodatkem k této Smlouvé, a to pouze v pfipadé, Ze po uzavieni Smlouvy a
pfed terminem preddani a prevzeti pfistroje dojde ke zméné sazeb DPH (je moZna vyhradné
zména vySe DPH).

Kupni cenu se zavazuje Kupujici uhradit Proddvajicimu takto:

100 % kupni ceny dle odst. 5.1 tohoto ¢lanku Smlouvy po predani a prevzeti pfistroje, o
kterém bude mezi Smluvnimi stranami sepsan predavaci protokol dle této Smlouvy. Bude-li



5.5.

5.6.

5.7.

5.8.

5.9.

stoj prevzat byt i sjednou vadou nebo nedodélkem vyslovné uvedenymi v predavacim
protokolu, bude 100 % kupni ceny uhrazeno aZ po odstranéni této vady ¢i nedodélku.

Lhata splatnosti faktury je Sedesat (60) dnl od data jejiho doruceni Kupujicimu. Zaplacenim
uctované Castky se rozumi den jejiho odeslani na ucet Prodavajiciho. Danové doklady - faktury
vystavené Proddvajicim podle této Smlouvy budou v souladu s pfislusnymi pravnimi predpisy
Ceské republiky obsahovat zejména tyto Udaje:

(i) obchodni firmu/nazev a sidlo Kupujiciho,

(i)  danové identifikacni ¢islo Kupujiciho,

(iii)  obchodni firmu/nazev a sidlo Prodavajiciho,

(iv)  danové identifikacni ¢islo Proddvajiciho,

(v)  evidenc¢ni cislo dariového dokladu,

(vi)  rozsah a predmét plnéni,

(vii) datum vystaveni darfiového dokladu,

(viii) datum uskutecnéni plnéni nebo datum pfijeti Uplaty, a to ten den, ktery nastane drive,
pokud se lisi od data vystaveni dafového dokladu,

(ix)  cena plnéni,
(x)  prohlaseni, Ze Uctované plnéni je poskytovano pro ucely projektu s ndzvem ,Centrum
pokroCilych leteckych technologii“, reg. ¢. €Z.02.1.01/0.0/0.0/16_019/0000826,

spolufinancovaného z prostiedk( Evropského strukturalniho a investi¢niho fondu v rdmci
OP VVV.

Danové doklady - faktury museji byt v souladu s dohodami o zamezeni dvojiho zdanéni, budou-
li se na konkrétni pfipad vztahovat.

Kupujici si vyhrazuje pravo poZadovat, aby cena plnéni byla vramci faktury uvedena ve
strukture poloZek jim prfedem uréenych. Tento poZadavek musi Kupujici Prodavajicimu sdélit
v dostatecném predstihu.

Pokud danovy doklad - faktura nebude vystaven vsouladu s platebnimi podminkami
stanovenymi touto Smlouvou nebo nebude spliovat poZadované zakonné naleZitosti, je
Kupujici opravnén danovy doklad - fakturu Proddvajicimu vratit jako nedplnou, resp. nespravné
vystavenou, k doplnéni, resp. novému vystaveni ve lhité péti (5) pracovnich dnl od data jejiho
doruceni Kupujicimu. V takovém pfipadé Kupujici neni v prodleni s Uhradou kupni ceny nebo
jeji ¢asti a Prodavajici vystavi opravenou fakturu s novou, shodnou |hiitou splatnosti, ktera
zacne plynout dnem doruceni opraveného nebo nové vyhotoveného danového dokladu -
faktury Kupujicimu.

Kupuijici provede Uhradu v ramci lhaty splatnosti na bankovni Ucet Prodavajiciho uvedeny na
danovém dokladu - faktutfe pouze za predpokladu, Ze tento Ucet bude ke dni platby zverejnény
spravcem dané. V ptipadé, Ze tato podminka nebude splnéna, kupujici uhradi pouze ¢astku bez



5.10.

6.1.

6.2.

6.3.

8.1.

8.2.

DPH, a doplatek bude uhrazen Prodavajicimu az po zverejnéni Cisla uctu v registru platcl. V
pripadé, Ze Gcet nebude zvefejnén po uplynuti Ihity stanovené Kupujicim, bude DPH uhrazeno
mistné prisluSnému sprdvci dané Prodavajiciho. Nezaplaceni DPH Kupujicim Prodavajicimu
z téchto dlivodl neni povaZzovano za prodleni s placenim kupni ceny.

Fakturacni udaje Kupujiciho jsou uvedeny v ¢lanku 1. této Smlouvy.
Terminy plnéni predmétu Smlouvy

Proddvajici se zavazuje radné zhotovit, obstarat, dodat, vyzkouset, instalovat, predat
Kupujicimu a demonstrovat funkcnost pfistroje uvedeného v ¢lanku 3 odst. 3.1 této Smlouvy do
6 mésicl od nabyti Ucinnosti této Smlouvy.

Kupujici se zavazuje ve sjednaném terminu radné dodany, vyzkouseny, nainstalovany pfistroj,
jehoz funkénost Prodavajici Kupujicimu vsouladu stouto Smlouvou demonstroval, od
Proddvajiciho prevzit, kdy o predani a prevzeti bude mezi Smluvnimi stranami sepsan predavaci
protokol dle ¢lanku 8 této Smlouvy.

Kupujici je povinen umoznit Prodavajicimu provedeni instalace a demonstrace pfistroje kazdy
pracovni den v dobé od 8:00 do 17:00 hod. tak, aby mohl byt ze strany Proddvajiciho dodrzen
termin plnéni uvedeny v odst. 6.1 tohoto ¢lanku Smlouvy Kupujici je opravnén v pfipadé zmény
svych provoznich podminek tuto dobu instalace a demonstrace omezit pisemnym pokynem
Prodavajicimu. V takovém pfipadé obé Smluvni strany v dodatku ke Smlouvé sjednaji zménu
terminu preddni a prevzeti.

Misto plnéni

Mistem plnéni je Praha, pficemz konkrétni misto v ramci Prahy urené pfesnou adresou bude
upfesnéno Kupujicim na zakladé vyzvy Prodavajiciho, nejpozdéji vsak 14 dni pred terminem
plnéni uvedenym v ¢lanku 6. odst. 6.1 Smlouvy (dale jen ,,misto plnéni“).

Predani a prevzeti prostor pro instalaci

Prodavajici je povinen pisemné informovat Kupujiciho o presném terminu pro provedeni
instalace a demonstrace pfistroje, a to alespon 5 pracovnich dnl pfedem tak, aby byl zachovan
termin plnéni uvedeny v ¢lanku 6. odst. 6.1 Smlouvy.

Kupujici je povinen Prodavajicimu po uplynuti Ihity dle odst. 8.1 tohoto ¢lanku Smlouvy
umoznit provedeni instalace a demonstrace pfistroje v prostorach pro instalaci. Kupujici si
vyhrazuje termin podle ¢lanku 6. odst. 6.1. Smlouvy jednostranné prodlouzZit pisemnym
oznamenim zaslanym Prodavajicimu na adresu uvedenou v c¢lanku 1. této Smlouvy, a to
zejména v pfipadé prodleni se stavebni pfipravenosti prostor pro instalaci. Takovéto
prodlouZeni nebude povazovdno za prodleni Kupujiciho s pfevzetim pfistroje dle ¢l. 6.2.



8.3.

8.4.

9.1.

9.2

9.3.

9.4.

9.5.

9.6.

9.7.

9.8.

Smlouvy a Prodavajici v této souvislosti nemUzZe ménit sjednanou Cenu plnéni, ani si uctovat
jakékoliv dalsi naklady, které by mu timto vznikly.

V dostate¢ném predstihu pred terminem pro provedeni instalace a demonstrace pfistroje je
Proddvajici povinen vyzvat Kupujiciho ke kontrole prostor pro instalaci, aby byly v dostate¢ném
predstihu zkontrolovany body pro napojeni pfistroje na rozvod elektfiny apod. a odstranény tak
pripadné nedostatky branici instalaci a demonstraci pfistroje v terminu uvedeném v ¢lanku 6.
odst. 6.1. Tuto pfipravenost Prodavajici Kupujicimu na jeho Zadost pisemné potvrdi.

Odchylné od § 2126 OZ Smluvni strany sjedndvaji, Ze Prodavajici neni opravnén vyuzit institutu
svépomocného prodeje.

Dalsi podminky dodavky

PFi provadéni dodavky postupuje Prodavajici samostatné, avSak zavazuje se respektovat pokyny
Kupujiciho tykajici se realizace predmétu plnéni dle této Smlouvy.

Proddvajici je povinen upozornit Kupujiciho bez zbyte¢ného odkladu na nevhodnou povahu véci
prevzatych od Kupujiciho nebo pokyn( danych mu Kupujicim k provedeni dodavky, jestlize tuto
nevhodnost mohl Proddvajici zjistit pfi vynalozeni odborné péce.

Neni-li ve Smlouvé stanoveno jinak, tak veSkeré véci potfebné k plnéni dle této Smlouvy je
povinen opatfit Prodavajici.

Proddvajici je povinen dodat Kupujicimu pfistroj (véetné pripadného SW) zcela novy, v plné
funkénim stavu, v jakosti a technickém provedeni odpovidajicim platnym predpisiim Evropské
unie aodpovidajicim pozadavkim stanovenym pravnimi predpisy Ceské republiky,
harmonizovanymi €eskymi technickymi normami a ostatnimi CSN, které se vztahuiji k pFistroji.

Prodavajici prohlasuje, Ze pfistroj, ktery doda na zakladé této Smlouvy, zcela odpovida
podminkam stanovenym ve Vychozich podkladech.

Prodavajici se zavazuje, Ze v okamZiku pfevodu vlastnického prava k pfistroji nebudou na
pfistroji vdznout Zadnd prava tretich osob, a to zejména zadné predkupni pravo, zastavni pravo
nebo pravo najmu.

Prodavajici s ohledem na povinnosti Kupujiciho vyplyvajici zejména ze ZZVZ a ze zdkona ¢.
340/2015 Sb., o zvlastnich podminkach ucinnosti nékterych smluv, uverejiovani téchto smluv a
o registru smluv (zdkon o registru smluv), souhlasi se zverejnénim veskerych informaci
tykajicich se zavazkového vztahu zaloZeného mezi Proddvajicim a Kupujicim touto Smlouvou,
zejména vlastniho obsahu této Smlouvy.

Prodavajici prohlasuje, Zze vic¢i nému neni vedena exekuce a ani nema zadné dluhy po
splatnosti, jejichz splnéni by mohlo byt vymahano v exekuci podle zakona ¢. 120/2001 Sb., o



9.9.

10.

10.1.

10.2.

10.3.

10.4.

soudnich exekutorech a exekucni ¢innosti (exekucni fad) a o zméné dalsich zakon(, ve znéni
pozdéjsich predpis, ani vici nému neni veden vykon rozhodnuti a ani nema zadné dluhy po
splatnosti, jejichz splnéni by mohlo byt vymdahano ve vykonu rozhodnuti podle zdkona ¢.
99/1963 Sh., obc¢anského soudniho fadu, ve znéni pozdéjsich predpisd, zakona ¢. 500/2004 Sb.,
spravniho fadu, ve znéni pozdéjsich predpist, ¢i podle zdkona ¢. 280/2009 Sb., danového radu,
ve znéni pozdéjsich predpisu.

Prodavajici se zavazuje, Ze bude provadét pravidelné servisni prohlidky (bezpecnostné-
technické kontroly) predepsané vyrobcem a platnymi pravnimi predpisy, véetné aktualizace
SW, véetné vstupni a nasledné validace nebo kalibrace parametr(; tyto Ukony bude Prodavajici
v zaruéni dobé provadét bezvyzvani Kupujiciho, véetné dodani potiebného materidlu a
nahradnich dil(, a to bez naroku na dalsi Uplatu nad ramec sjednané Ceny plnéni. Prodavajici se
zdrovenn zavazuje v pfipadé zmén vsoftwaru obsaZzeného/dodavaného/instalovaného
v doddvaném pfistroji, vzaru¢ni dobé, kprovedeni instruktdZe obsluhujiciho personalu
Kupujiciho bez ndroku na dalsi Uplatu nad rdmec sjednané Ceny plnéni.

Instalace, uvedeni do provozu, demonstrace provozu pfistroje a jeho predani a
prevzeti

Soucdsti predani a prevzeti pfistroje na zdkladé této Smlouvy je jeho instalace v prostorach pro
instalaci, jeho sefizeni v misté plnéni a ovéreni spravné funkce pfistroje za ucasti zastupcu
Kupujiciho a Prodavajiciho.

Za Ucasti zastupch Kupujictho dale Prodavajici ovéfi, Ze pfistroj dosahuje parametr(
specifikovanych vyrobcem a poZadovanych Kupujicim v Technické specifikaci plnéni a v této
Smlouvé, a to demonstraci provozu pfistroje po jeho fadném uvedeni do provozu predepsanym
postupem vyrobce pro dany pfistroj a po jeho kalibraci a kontrole spravnosti provozu
Prodavajicim. Bezvadné provedeni vySe uvedené demonstrace je podminkou prevzeti pfistroje
Kupujicim.

Pro ucely predavaciho fizeni musi Prodavaijici predloZit Kupujicimu:

(i) seznam predavanych soucasti pfistroje,

(i)  prohlaseni Prodavajiciho, Ze tento pfistroj je v souladu s platnymi pravnimi predpisy,
technickymi normami a vsouladu sTechnickou specifikaci plnéni a obchodnimi
podminkami stanovenymi v této Smlouvé,

(iii)  navody k obsluze a udrzbé, podminky pro udrzbu a ochranu pfistroje v ¢eském nebo v
anglickém jazyce, a dale veskeré nezbytné doklady ¢i pfislusenstvi vztahujici se k pfistroji.

Nepredlozi-li Prodavajici Kupujicimu vSechny vyse uvedené dokumenty, nepoklada se predmét
plnéni podle této Smlouvy za fadné dokonceny a spliiujici podminky k predani.



10.5.

10.6.

10.7.

10.8.

10.9.

10.10.

O prubéhu predavaciho a prejimaciho tizeni bude mezi Smluvnimi stranami sepsan predavaci
protokol, ktery bude obsahovat tyto povinné nalezitosti:

(i) Udaje o Prodavajicim a Kupujicim,

(i)  popis pristroje, ktery je predmétem predani a prevzeti,

(iii)  termin, od kterého zacind bézet zarucni Ih(ita,

(iv)  prohlaseni Kupujiciho, zda dodavku prebira nebo neprebira,

(v)  uvedeni zjisténych vad a termin pro jejich odstranéni,

(vi) datum podpisu protokolu o predani a prevzeti dodavky,

(vii) podpisy osob, které zastupuji Smluvni strany ve vécech technickych (viz ¢l. 15 této
Smlouvy);

(dale jen , Preddvaci protokol”).

Smluvnimi stranami musi byt v pfeddvacim protokolu konstatovano, Zze doslo k ovéreni spravné
funkce pfistroje, k jeho instalaci, sefizeni, k demonstraci provozu pfistroje a zaskoleni osob
uréenych Kupujicim k obsluze pfistroje.

Predanim pfistroje stvrzeného podpisem kontaktnich osob ve vécech technickych podle této
Smlouvy na Preddvacim protokolu pfechazi na Kupujiciho nebezpeci vzniklé skody na predaném
pfistroji, pricemZ tato skutecnost nezbavuje Prodavajiciho odpovédnosti za Skody vzniklé
v dlsledku vad tohoto pfristroje. Do doby pfedani a prevzeti pristroje nese nebezpeci skody na
pfistroji Prodavajici.

Kupujici neni povinen prevzit ptistroj, ktery by vykazoval vady a nedodélky, byt by samy o sobé
ani ve spojeni s jinymi nebranily Fddnému uZivani pfistroje. NevyuZije-li Kupujici svého prava
neprevzit pfistroj vykazujici vady a nedodélky, uvedou Prodavajici a Kupujici v Pfedavacim
protokolu soupis zjisténych vad a nedodélkl, véetné zplsobu a terminu jejich odstranéni.
Nedojde-li v Pfedavacim protokolu k dohodé mezi Smluvnimi stranami o terminu odstranéni
vad, plati, Ze tyto vady maji byt odstranény ve Ihité 48 hodin ode dne pfedani a prevzeti
pfistroje.

Ma-li pFistroj a/nebo jejich soucasti vady, které nebylo mozné zjistit pfi prevzeti (skryté vady), a
vztahuje-li se na né zarucni doba dle ¢l. 11 odst. 11.1 této Smlouvy, je Kupujici opravnén je
uplatnit u Prodavajiciho v této Ihité. Vztahuje-li se na pfistroj a/nebo jeho souéasti zaruéni
doba delsi nez dle ¢l. 11 odst. 11.1, je Kupujici opravnén takové skryté vady uplatnit u
Prodavajiciho v této delsi zaruc¢ni dobé.

V pfipadé, Ze Proddvajici ozndmi Kupujicimu, Ze pfistroj je ptipraven k predani a prevzeti a
v prlibéhu predavaciho fizeni se ukaZe, Ze pfistroj neni pripraven k predani Kupujicimu, je
Prodavajici povinen uhradit Kupujicimu veskeré naklady, které v souvislosti s nelspésnym
pfeddvacim a prejimacim fizenim Kupujicimu vznikly.



11.

11.1.

11.2.

11.3.

11.4.

11.5.

11.6.

11.7.

11.8.

11.9.

Zaruka a naroky z vad dodavky
Zarucni doba na pristroj je 24 mésica.

Zarucni doba zacinad béZzet dnem podpisu Pfeddvaciho protokolu o predani a prevzeti pfistroje
Kupujicim. Je-li pFistroj prevzat, byt i jen sjednou vadou nebo nedodélkem, pocind bézet
zarucni doba ode dne odstranéni posledni vady Prodavajicim.

U pristroje ¢i jeho ¢asti, které maji vlastni zarucni listy, je zaruéni doba stanovena v délce tam
vyznacené, nejméné vsak v délce uvedené v odst. 11.1 tohoto ¢ldnku Smlouvy.

Pozadavek na odstranéni vady dodavky uplatni Kupujici u Prodavajiciho bez zbytecného
odkladu po jejim zjisténi, nejpozdéji vsak posledni den zarucni lhdty, neni-li jinde v této
Smlouvé stanoveno vyslovné jinak, a to pisemnym ozndmenim zaslanym odpovédnému
zastupci ve vécech technickych Proddvajiciho uvedenému v této Smlouvé. | reklamace odesland
Kupujicim v posledni den zarucni Ih(ity se ma za vcas uplatnénou.

V pisemné reklamaci Kupujici uvede popis vady a zpusob, jakym vadu poZaduje odstranit.
Kupujici je opravnén:
(i) pozadovat odstranéni vad dodanim ndhradniho pfistroje i jeho ¢asti za vadny pfistroj Ci
jeho casti, nebo
(ii) pozadovat odstranéni vad opravou, jsou-li vady opravitelné, nebo

(iii) pozadovat pfimérenou slevu z kupni ceny.

Volba mezi vySe uvedenymi naroky z vad dodavky nalezi Kupujicimu. Kupujici je dale opravnén
odstoupit od Smlouvy, je-li dodanim pfistroje svadami Smlouva poruSena podstatnym
zplUsobem. Za podstatné poruseni se povazuje vidy situace, kdy doddvka (nebo jeji ¢ast)
nedosahuje nebo v zaruéni dobé prestane dosahovat minimalnich parametrl poZadovanych
Kupujicim a uvedenych ve Vychozich podkladech nebo v této Smlouvé.

Prodavajici se zavazuje reklamované vady dodavky bezplatné odstranit.

Prodavajici se zavazuje zahajit Ukony sméfujici k odstranéni vady do 24 hodin ode dne obdrzeni
reklamace od Kupujiciho, v uvedené |h(té se zavazuje reklamaci provéfit, diagnostikovat vadu,
oznamit Kupujicimu, zda reklamaci uznava, a pisemné sdélit Kupujicimu, zda je k odstranéni
vady nutny specializovany nahradni dil. Doba sobot, nedéli a svatkl se do Ih(ty dle véty prvni
tohoto odstavce Smlouvy nezapoditava.

V pfipadé, Ze k odstranéni vady pfistroje neni nutné zajisténi nahradnich dilli, je Prodavajici
povinen vadu odstranit do 48 hodin ode dne obdrZeni reklamace. Doba sobot, nedéli a svatkd
se do lhdty dle véty prvni tohoto odstavce Smlouvy nezapoditava. Je-li k odstranéni vady
pfistroje nutné zajistit na trhu v Evropském hospodarském prostoru (EEA) bézné dostupné
nahradni dily pristroje, pak je Prodavajici povinen vadu odstranit do 5 pracovnich dnd ode dne
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11.10.

11.11.

11.12.

11.13.

11.14.

11.15.

12.

12.1.

obdrzZeni reklamace. Je-li k odstranéni vady pfistroje nutné prokazatelné zajistit specializované
nahradni dily, pak je Prodavajici povinen vadu odstranit do 4 tydnl ode dne obdrZeni
reklamace, nedohodnou-li se Smluvni strany nasledné jinak. Za specializované nahradni dily
jsou pokladany nahradni dily, které je nutné nechat vyrobit na zakdzku, nebo ndhradni dily,
které nejsou béiné dostupné v Evropském hospodaiském prostoru ve |h(té péti pracovnich
dnid ode dne obdrzeni reklamace.

Nevytesi-li Prodavajici reklamaci a soucasné neoznami-li odstranéni vady Kupujicimu nejpozdéji
do 5 dni ode dne uplynuti termind uvedenych v ustanoveni ¢l. 11 odst. 11.8 a 11.9, m4 se za to,
Ze vada je neodstranitelnd a Kupuijici je opravnén od smlouvy odstoupit.

| v pfipadé, Ze Prodavajici vadu neuznd, je povinen vadu odstranit, a to ve lhatach uvedenych
v odst. 11.8 a 11.9 tohoto ¢lanku Smlouvy, nedohodnou-li se Smluvni strany jinak. V ptipadé, ze
Prodavajici vadu neuzna, bude opravnénost reklamace ovérena znaleckym posudkem, ktery
nechd zpracovat Kupujici. V ptipadé, Ze bude reklamace oznacena znalcem za oprdvnénou,
ponese Prodavajici i naklady na vyhotoveni znaleckého posudku. Prokaze-li se, Zze Kupuijici
reklamoval vadu neopravnéné, je Kupujici povinen uhradit Proddvajicimu ucelné a prokazatelné
vynaloZené naklady na odstranéni vady.

O odstranéni reklamované vady sepiSi Smluvni strany protokol, ve kterém potvrdi odstranéni
vady. O dobu, kterd uplyne ode dne uplatnéni reklamace do odstranéni vady, se prodluzuje
zarucni Ihita.

V pfipadé, Ze Prodavajici neodstrani vadu ve Ih(tach uvedenych v odst. 11.8 a odst. 11.9 tohoto
¢lanku Smlouvy, pfipadné ve |h(té sjednané Smluvnimi stranami, nebo pokud Prodavajici
odmitne vady odstranit, je Kupujici opravnén nechat vadu odstranit na své naklady a
Prodavajici je povinen uhradit Kupujicimu naklady na odstranéni vady, a to do 10 dn( poté, co
jej k tomu Kupujici vyzve. Tento postup Kupujiciho vSak nezbavuje Prodavajiciho odpovédnosti
za vady a jeho zaruka trva ve sjednaném rozsahu.

Poskytnuti zaruky se nevztahuje na vady zplUsobené neodbornym zachazenim, nespravnou
nebo nevhodnou udrzbou, nedodrZovanim predpisd vyrobcl pro provoz a udrzbu zafizeni,
které Kupujici od Prodavajiciho prevzal pfi predani nebo o kterych Prodavajici Kupujiciho
pisemné poucil. Zaruka se rovnéZ nevztahuje na vady zpUsobené hrubou nedbalosti nebo
umysinym jednanim.

Smluvni strany vyluCuji pouziti ust. § 1925 OZ, véta za stfednikem. Pravo z vadného plnéni Ize
uplatnit soubézné s pravem na nahradu skody.

Zarucni a pozarucni servis, zajisténi nahradnich dila k pFistroji

Prodavajici je povinen v pribéhu zarucni doby provadét bezplatné veskeré servisni Ukony
pfistroje, jejichz provedenim podminuje platnost zaruky, a to do 10 pracovnich dnl ode dne
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12.2.

12.3.

13.

13.1.

13.2.

13.3.

13.4.

13.5.

zaslani Zadosti Kupujiciho o provedeni servisniho ukonu odpovédnému zastupci Prodavajiciho.
Prodavajici je povinen pisemné upozornit Kupujictho minimalné 30 dnl pfedem o povinnosti
provedeni bezplatného servisniho uUkonu, jehoZz provedenim podminfuje platnost zaruky.
Proddvajici je dale povinen pfed koncem zaruéni doby na pisemnou zZadost Kupujiciho provést
bezplatnou servisni prohlidku dodaného pftistroje a jeho ¢asti.

Proddvajici se ddle zavazuje po dobu 5 let ode dne uplynuti posledniho dne zaruéni doby na
pfistroj zajistit Kupujicimu na jeho vyzvu pozarucni servis formou servisnich prohlidek za cenu
v misté a Case obvyklou, a to nejpozdéji do 5 pracovnich dnd ode dne dorudeni pisemné vyzvy
Kupujiciho k provedeni pozarucniho servisu, nedohodnou-li se Smluvni strany jinak.

Prodavajici je povinen po dobu 5 let ode dne uplynuti posledniho dne zaruéni doby na pfistroj
zajistit pro Kupujiciho za Uplatu dostupnost vsech nahradnich dill k pfistroji a jejich dodani
Kupujicimu, a to do 4 tydn( ode dne jejich objednani Kupujicim, a to za cenu v dobé a misté
obvyklou.

Smluvni pokuty

V ptipadé, ze Prodavajici bude v prodleni proti terminu predani a prevzeti dodavky uvedenému
v ¢lanku 6. odst. 6.1 této Smlouvy, je Kupujici opravnén ucétovat Prodavajicimu smluvni pokutu
ve vysi 0,5 % z kupni ceny za kaZzdy i zapocaty den prodleni.

V pfipadé, Ze Prodavajici neodstrani fadné reklamovanou vadu pfistroje ve Ihité uvedené
v ¢lanku 11. odst. 11.8 a odst. 11.9 nebo ve sjednané dobé, je Kupujici oprdvnén uctovat
Prodavajicimu smluvni pokutu ve vysi 2.000,- K¢ za kazdou reklamovanou vadu, u niz je
Prodavajici v prodleni s odstranénim, a za kaZzdy zapocaty den prodleni. Pokud Prodavajici
neposkytne Kupujicimu pozarucni servis ve Ih(té uvedené v ¢lanku 12. odst. 12.2 ¢i porusi
povinnost uvedenou v ¢lanku 12. odst. 12.3, je Kupujici opravnén uctovat Proddvajicimu
smluvni pokutu ve vysi 2.000,- K¢ za kazdy zapocaty den prodleni s poskytnutim pozaruéniho
servisu/se splnénim takové povinnosti, maximalné vsak do vyse kupni ceny dle této Smlouvy.

Odstoupi-li Kupujici od této Smlouvy vsouladu sc¢lankem 11 odst. 11.10, zavazuje se
Prodavajici uhradit Kupujicimu vzniklou Skodu a zaplatit smluvni pokutu ve vysi 100.000,- K¢
(slovy sto tisic korun ¢eskych).

Pokud Kupujici neuhradi v terminech uvedenych v této Smlouvé kupni cenu, je povinen uhradit
Prodavajicimu urok z prodleni v zdkonné vysi, ledaze Kupujici prokaze, Zze prodleni s hradou
kupni ceny bylo zplsobeno z divodu opozdéného uvolnéni prostfedkd poskytovatelem dotace.

V pfipadé, Ze pristroj Ci jakakoliv jeho cast, kterd je pfedmétem dodavky na zakladé této
Smlouvy, nebude dosahovat minimalné parametrl poZadovanych Kupujicim a uvedenych
v Nabidce Prodavajiciho, je Kupujici opravnén od Smlouvy odstoupit.
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13.6.

13.7.

14.

14.1.

14.2.

14.3.

Povinnd Smluvni strana musi uhradit oprdvnéné Smluvni strané smluvni sankce nejpozdéji do

15 kalendarnich dnli ode dne obdrzZeni pfislusného vyuctovani od druhé Smluvni strany.

Smluvni strany vylu€uji pouZiti ustanoveni & 2050 OZ. Narok na nahradu Skody ma Kupujici vzdy

zachovan.

Ukonceni Smlouvy

Tuto Smlouvu Ize ukoncit spInénim, dohodou Smluvnich stran nebo odstoupenim od Smlouvy

z dlivodu stanovenych v zakoné nebo ve Smlouvé.

Kupujici je dale opravnén od Smlouvy odstoupit bez jakychkoliv sankci, nastane-li i néktera

z nize uvedenych skutecnosti:

(i)
(ii)

(iii)
(iv)

(v)

(vi)

Kupujicimu bude odnata financni dotace,

Dojde-li k podstatnému poruseni povinnosti uloZzenych Prodavajicimu touto Smlouvou
(viz odstavec 14.3 tohoto clanku),

Prodavajici vstoupi do likvidace;

V¢ majetku Prodavajiciho probiha insolvenéni (nebo obdobné) fizeni, v némz bylo
vydano rozhodnuti o Upadku, nebo byl insolvenéni ndvrh zamitnut proto, Ze majetek
nepostacuje k thradé nakladd insolvenéniho fizeni, nebo byl konkurs zrusen proto, Ze
majetek byl zcela nepostacujici nebo byla zavedena nucena sprava podle zvlastnich
pravnich predpis(,

Vyjde-li najevo, Ze Prodavajici uvedl v Nabidce informace nebo doklady, které
neodpovidaji skutec¢nosti a které mély nebo mohly mit vliv na vysledek Zaddvaciho fizeni,
které vedlo k uzavieni této Smlouvy (§ 223 odst. 2 ZZVZ),

Bude-li Prodavajicimu uloZena smluvni pokuta v maximalni pfipustné vysi; narok na
zaplaceni pokuty odstoupenim z tohoto dlivodu nezanika.

Za podstatné poruseni této Smlouvy bude povazovéano:

(i)

(ii)

(iii)

(iv)
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Prodleni Prodavajiciho proti terminu pfedani a prevzeti dodavky uvedenému v ¢lanku 6.
odst. 6.1 této Smlouvy trvajici déle nez 1 mésic;

Pfenechani/prevod/prechod prav a povinnosti Prodavajiciho ztéto Smlouvy na treti
osobu bez pisemného souhlasu Kupujiciho;

Prodavajici pfi plnéni této Smlouvy opakované (soustavné) porusuje pravni predpisy,
regulace, technické standardy a normy Ceské republiky ¢ jinych statd, k jejichz
dodrZovani se touto Smlouvou zavazal;

poruseni této Smlouvy ze strany Prodavajiciho takovym zplsobem, Ze v jeho dlsledku
nemuUzZe Kupujici dostat cilim, pro které Smlouvu sjednal, nebo jestlize v dlsledku
takového jednani Prodavajiciho vznikne Kupujicimu vétsi Skoda;



14.4.

14.5.

15.

15.1.

15.2.

16.

16.1.

16.2.

16.3.

(v)  pokud kdykoliv v prabéhu zarucni doby prestane pfristroj splfiovat parametry uvedené
v priloze €. 1. této Smlouvy.

Prodavajici je opravnén od Smlouvy odstoupit v pfipadé podstatného poruseni Smlouvy
Kupujicim. Za podstatné poruseni Smlouvy se povazuje nezaplaceni kupni ceny vterminu
stanoveném touto Smlouvou, a¢ Proddvajici Kupujiciho na toto poruseni pisemné upozornil a
poskytl mu dostatecné dlouhou lhltu k dodatecnému splnéni této povinnosti.

Kupuijici je opravnén od Smlouvy odstoupit i pouze ve vztahu k ¢asti pInéni (dodavky).

Zastupci Smluvnich stran, oznamovani

Prodavajici jmenoval tohoto odpovédného zastupce pro komunikaci s Kupujicim ve vécech
technickych v souvislosti s predmétem plnéni dle této Smlouvy:

Ve vécech technickych:

Neni-li v této Smlouvé ujednano jinak, veskerad oznameni, kterd maji nebo mohou byt ucéinéna
mezi Smluvnimi stranami podle této Smlouvy, musi byt vyhotovena pisemné a dorucena druhé
Smluvni strané opravnénou zasilatelskou sluzbou, osobné (s pisemnym potvrzenim o prevzeti)
nebo doporucenou zasilkou odeslanou s vyuZzitim provozovatele postovnich sluzeb; ma se za to,
Ze takové oznameni doslo tfeti pracovni den po odeslani, bylo-li vSak odeslano na adresu v
jiném statu, pak patnacty pracovni den po odeslani. V ptipadé reklamace Ize pisemné oznameni
zaslat také prostfednictvim e-mailu.

Dolozka o rozhodném pravu

Tato Smlouva a veskeré pravni vztahy zni vzniklé se fidi vyluéné pravnim radem Ceské
republiky.

Smluvni strany berou na védomi a uznavaji, Ze v oblastech vyslovné neupravenych touto
Smlouvou plati ustanoveni OZ.

Veskeré spory vzniklé z této Smlouvy Ci z pravnich vztahd s ni souvisejicich budou Smluvni
strany resit jednanim. V pfipadé, Ze nebude mozné spor urovnat jedndnim, bude takovy spor
rozhodovat na navrh jedné ze Smluvnich stran ptislu$ny soud v Ceské republice.
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17.

17.1.

17.2.

17.3.

17.4.

17.5.

18.

18.1.

18.2.

18.3.

18.4.

18.5.

18.6.

Prava dusevniho vilastnictvi

Tento C¢lanek se aplikuje pouze v pfipadé, Ze soucasti doddvaného pfistroje je i software
nezbytny pro jeho fadné uZiti/provoz, i v ptipadé, Ze si Kupujici v ramci specifikace predmétu
pInéni dodani softwaru stanovil.

Smluvni strany prohlasuji, Ze se dohodly tak, Ze odména Prodavajiciho za poskytnuti licence k
softwaru je jiz zahrnuta v kupni cené dle ¢l. 5 této Smlouvy.

Proddvajici prohlasuje, zZe poskytnutim licenci Kupujicimu neporusuje prava dusevniho
vlastnictvi tfetich osob a Ze je opravnén na Kupujiciho licenci prevést. V ptipadé, Ze Prodavajici
nedodrZi toto ustanoveni, zavazuje se uhradit veskeré naroky tretich osob z divodu poruseni
prav dusevniho vlastnictvi tfetich osob a dale ndhradu Skody zplsobenou tim Kupujicimu.

Prodavajici touto Smlouvou poskytuje Kupujicimu uZivatelskou licenci k ¢asti predmétu plnéni —
softwaru jako nevyhradni, nepfenositelné a c¢asové neomezené pravo uZivani této Casti
pfedmétu plnéni.

Prodavajici prohlasuje, Ze je nositelem autorskych prav k softwaru a neposkytnul dfive licenci
k softwaru jako vyhradni tfeti osobé (ledaze nabyvatel vyhradni licence udélil s uzavienim této
smlouvy pisemny souhlas), nebo je alespon nositelem opravnéni k vykonu prava software uzit
zpusobem, kdy muze licenci v rozsahu dle této smlouvy poskytnout Kupujicimu.

Zavérecna ujednani
Smluvni strany prohlasuji, Ze vzdjemna pInéni dle této Smlouvy jsou v odpovidajicim poméru.

Tato Smlouva, vcéetné priloh, predstavuje Uplnou a ucelenou smlouvu mezi Kupujicim a
Prodavajicim.

Smluvni strany se dohodly, Ze Prodavajici neni oprdvnén zapocist svou pohleddvku, ani
pohledavku svého poddluznika, za Kupujicim proti pohledavce Kupujiciho za Prodavajicim.

Prodavajici neni opravnén postoupit pohleddvku, kterd mu vznikne na zdkladé této Smlouvy
nebo v souvislosti s ni, na tfeti osobu. Prodavajici neni oprdvnén postoupit tuto Smlouvu ani z
Casti treti osobé.

Prodavajici se zavazuje mit po celou dobu platnosti této Smlouvy sjedndano pojisténi
odpovédnosti za skodu zplisobenou v souvislosti s vykonem podnikatelské cinnosti, a to s
limitem pojistného plnéni minimalné ve vysi kupni ceny za predmét této Smlouvy.

Pokud se jakékoliv ustanoveni této Smlouvy pozdéji ukdaze nebo bude urceno jako neplatné,
neucinné, zdanlivé nebo nevynutitelné, pak takova neplatnost, neldcinnost, zdanlivost nebo
nevynutitelnost nezplsobuje neplatnost, nedcinnost, zdanlivost nebo nevynutitelnost Smlouvy
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jako celku. V takovém ptipadé se Strany zavazuji bez zbyte¢ného prodleni dodate¢né takové
vadné ustanoveni vyjasnit ve smyslu ustanoveni § 553 odst. 2 OZ nebo jej nahradit po vzajemné
dohod& novym ustanovenim, je nejblize, v rozsahu povoleném pravnimi predpisy Ceské
republiky, odpovidd umyslu Smluvnich stran v dobé uzavreni této Smlouvy.

18.7. Tato Smlouva nabyva platnosti dnem jejiho podpisu opravnénymi osobami obou Smluvnich
stran a ucinnosti uverejnénim v Registru smluv.

18.8. Tuto Smlouvu lze doplnit nebo ménit vyluéné formou pisemnych ocislovanych dodatkd,
opattfenych ¢asovym a mistnim uréenim a podepsanych opravnénymi zastupci Smluvnich stran.
Smluvni strany ve smyslu ustanoveni § 564 OZ vyslovné vylu€uji provedeni zmén Smlouvy v jiné
formé.

18.9. Porusi-li Smluvni strana povinnost z této Smlouvy ¢i miZe-li a ma-li o takovém poruseni védét,
oznami to bez zbytecného odkladu druhé Smluvni strané, které z toho mlze vzniknout Ujma, a
upozorni ji na mozné nasledky; v takovém pripadé nema poskozena Smluvni strana pravo na
nahradu té Ujmy, které mohla po ozndmeni zabranit.

18.10. Prodavajici se za podminek stanovenych touto Smlouvou zavazuje:

(i) archivovat veskeré pisemnosti zhotovené pro plnéni pfedmétu dle této Smlouvy a
umoznit osobam opravnénym k vykonu kontroly Projektu, z néhoZ je plnéni dle této
Smlouvy hrazeno, provést kontrolu dokladd souvisejicich s timto plnénim, a to po celou
dobu archivace Projektu, minimalné v3ak do konce roku 2033. Kupujici je opravnén po
uplynuti 10 let od ukonceni plnéni podle této Smlouvy od Prodavajiciho vySe uvedené
dokumenty bezplatné prevzit;

(i)  jako osoba povinna dle ustanoveni § 2 pism. e) zdkona ¢. 320/2001 Sb., o finané¢ni
kontrole ve verejné spravé, v platném znéni, spoluplsobit pfi vykonu financni kontroly,
mj. umoznit véem subjektlim opravnénym k vykonu kontroly Projektu, zejména Ridicimu
organu OP VVV, pfistup ke viem dokumentlm, tedy i k tém ¢astem nabidek, smluv a
souvisejicich dokument(, které podléhaji ochrané podle zvlastnich pravnich predpist
(napf. obchodni tajemstvi), a to za predpokladu, Ze budou splnény poZadavky kladené
pravnimi predpisy; tuto povinnost rovnéz zajisti Prodavajici u pfipadnych poddodavatell
Prodavajiciho.

18.11. Tato Smlouva je sepsana v ¢eském jazyce ve Ctyfech (4) vyhotovenich, z nichz kazdé vyhotoveni
ma povahu origindlu. Kazdd ze Smluvnich stran obdrzi po dvou (2) vyhotovenich. Nedilnou
soucasti Smlouvy jsou tyto pfilohy:

Priloha ¢. 1: Technicka specifikace,
Priloha ¢. 2: Nabidka Proddvajiciho predloZend v ramci Zaddvaciho fizeni v Cdsti, kterd predmét
plnéni technicky popisuje.

16



Smluvni strany stvrzuji Smlouvu podpisem na dikaz souhlasu s celym jejim obsahem.

V Praze dne V Praze dne

Za: Ceské vysoké uéeni technické v Praze, Za: OptiXs, s.r.o.

Fakulta strojni

Prof. Ing. Michael Valasek, DrSc., Ing. Martin Klecka,
dékan Fakulty strojni Jednatel
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Priloha ¢. 1 — Technicka specifikace

Technicka specifikace - Anemometricky systém PIV pro neinvazivni méreni
rychlostnich poli tekutin

Predmét plnéni verejné zakazky

Zadavatel pfi své Cinnosti jiz pouziva pocitace typu PC, operacni systém Windows 7 a 10 EN 64 bit,
a sam pouZiva i spolupracuje s védeckymi pracovisti (AV CR v.v.i. a jiné technické univerzity), které
pouzivaji PIV systémy pro méreni rychlostnich poli tekutin, které ukladaji namérena data ve formatu
.DYNAMIX. Zadavatel rovnéz pouZziva softwarovy balik Matlab a graficky balik Tecplot.

Pfedmétem plnéni této verejné zakazky je plandrni laserovy anemometricky systém (PIV, Particle
Image Velocimeter) pro neinvazni méreni rychlostnich poli tekutin (dale jen ,PFistroj“).

P¥istroj musi splfiovat niZze uvedené pozadavky:

1.

1.1.

1.2

1.3.

Zakladni pozadavky:

moznost ziskavat bezkontaktnim zplsobem soucasné dvé slozky celého rychlostniho pole v
tekutinach

moznost méfit rychlostni pole o velikosti od 4 x 6 cm do 40 x 60 cm, tolerance rozmérd +10%,
tolerance poméru stran +10%,

moznost ukladat, zpracovdvat a analyzovat namérend data pomoci aplika¢niho softwaru.

Podrobna specifikace jednotlivych komponent systému je uvedena nize:

2.

2.1

2.2.

2.3.

2.4.

2.5.

2.6.

Opticka cast:
musi obsahovat dvojpulzni Nd:YAG laser senergii minimalné 2 x 200mJ pfi opakovaci

frekvenci alespon 15 Hz,

cylindrickd optika pro tvorbu méfici svételné roviny musi umoznovat plynule nastavovat
tloustku mérici svételné roviny,

cylindrickd optika musi umoZfiovat nastavovat uhel divergence svételné roviny alespon
v sedmi stupnich divergence,

cylindrickd optika musi umoznovat odchyleni osy roviny svételného fezu o 90° od osy laserové
hlavy (tedy obsahovat modul zrcadla 90°),

musi obsahovat jednu sCMOS kameru s minimalnim rozliSenim 5 Mpixel a minimalni
snimkovou frekvenci 35 Hz, doba mezi dvéma snimky kratSi nez 1 mikrosekunda, moznost
parcidlniho odecitani ¢asti obrazu, frekvence snimkd musi byt alespon 2,2krat vyssi nez
frekvence laseru,

musi obsahovat objektiv kamery, s ohniskovou vzdalenosti 50mm + 5mm a f/1,4 nebo lepsi,



2.7.

2.8.

2.9.

2.10.

3.1

3.2

3.3.

3.4.

3.5.

4.1.

4.2.

4.3.

4.4.

4.5.

4.6.

4.7.

musi obsahovat objektiv kamery, s ohniskovou vzdalenosti 80mm * 5mm a /1,4 nebo lepsi.
objektivy a kamera museji mit bajonet F-mount,

musi obsahovat interferencni filtr vhodny pro typ laseru Nd:YAG pro odstranéni denniho
svétla, kompatibilni s objektivy kamery,

musi obsahovat kvalitni stativ pro kameru, s nastavitelnou vyskou, a s hlavou se tfemi stupni
volnosti.

Elektronicka c¢ast:

elektronika ovladani méreni a sbéru dat musi byt na bazi PC-kompatibilniho pocitace, pficemz
tento pocitac je soucasti dodavky,

soucasti dodavky musi byt karta sbéru dat z kamery (frame grabber), umoznujici pIné vyuZziti
vlastnosti kamery,

soucasti dodavky musi byt i elektronika synchronizace laseru a kamery,
moznost softwarového ovladani laserll i kamer z aplikacniho softwaru,

soucasti dodavky musi byt systém analogového sbéru dat, s nejméné ctyimi kanaly,
s frekvenci vzorkovani nejméné 2,5 MHz na kanal.

Softwarova cast:
software musi byt zpUsobily pracovat v operac¢nim systému Windows 10 EN 64 bit,

software musi plné ovladat hardware méficiho systému, tedy laser, kameru i synchronizaci
meéreni,

software musi vyhodnocovat ze ziskanych dat dvé slozky pole rychlosti pomoci FFT,
software musi umoznovat zpracovavat naméfena rychlostni pole na veli¢iny obvykle

pouzivané v mechanice tekutin (stfedni a rms slozky, slozky vektor( rychlosti, pole vifivosti a
dalsi),

software musi byt schopny definovat a generovat nepravouhlé vyhodnocovaci mfizky
s tvarem a hustotou odpovidajici struktufe proudéni,

software musi umoznovat tzv. dynamické maskovani pohybujicich se predmétd v proudici
tekutiné (,,dynamic masking®),

software musi umozZnovat pouziti distribuovaného zpracovani naméfenych dat na nékolika
v siti propojenych pocitacich soucasné (tyto pocitace nejsou soucasti dodavky),



4.8.

4.9.

4.10.

4.11.

4.12.

4.13.

4.14.

5.1.

5.2.

5.3.

5.4.

5.5.

5.6.

software musi byt schopny exportovat vysledky a jejich zpracovani do softwarového systému
Matlab, a po zpracovani v Matlabu data on-line importovat zpét do aplika¢niho softwaru k
dalsimu zpracovani a ukladani,

software musi umozniovat ukladat data a nacitat ulozena data také ve formatu soubort
kompatibilnim s formatem ,,.DYNAMIX"),

software musi umoZzniovat pouzivani zakaznickych skriptl pro tvorbu zakaznického zpracovani
dat (,macro-programming interface”),

software musi obsahovat rovnéz knihovnu predprogramovanych postupl zpracovani
namérenych obrazl (,image processing library”),

software musi umoznovat ukladat analogova data spoleéné s uklddanim namérenych hodnot
proudovych poli, a jejich ¢asovou synchronizaci,

software musi umoznovat softwarové ovladani traverzeru typu ,ISEL” (ktery neni soucasti
zakazky) pfimo z aplika¢niho softwaru, a také tvorbu traverzacnich pland,

software musi byt dodan alespon se dvéma softwarovymi permanentnimi licencemi, z nichz
alesponi jedna bude umozZriovat plné ovladani hardwaru systému (druhd licence muze
umoznovat pouze analyzu namérenych dat).

Ostatni:

soucasti dodavky musi byt také generator aerosolu DEHS pro PIV méreni ve vzduchu, s velkym
objemem doddvaného aerosolu,

soucasti dodavky musi byt alesponi 5 litr(i DEHS (Di-Ethyl-Hexyl-Sebacic-Acid-Ester),
celé dodavané zatizeni musi pouZivat napajeni ze standardni sité 220/240 V, 50 Hz,

soucasti doddvky musi byt i méfici pocitac pro sbér, ukladani a zpracovani dat, véetné
pfislusenstvi (klavesnice, mys, display),

soucasti dodavky musi byt i ochranné pracovni pomUicky — ochranné bryle pro vinovou délku
pouZitého laseru v poctu alespon tfi kusd,

soucasti dodavky musi byt i bryle pro sefizovani optiky (Utlum cca 90%) pro vinovou délku
pouzitého laseru v poctu alespon dvou kusU.
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User-friendly EverGreen

FREES YOU TO CONCENTRATE ON THE ART OF PIV

COMPACT AND PORTABLE

The EverGrean PIV system was designed to move
with the axpariment. It is ot home in the lab,
wind tunnel, and in the cutside world, The most
interesting flows and turbulence may not be in
controlled environmenis,

+ SINGLE MEAD: COMPACT SI7E

Thet Eweviareen meorporsies ham Lmery. indo B Svpe ragged
mnolioch. Quantel Bt Bl o e sabest footprnd possibie.
Wirestling wilh bac Msers and ban power suppies & ng looger
neceinnry, Roll bar handles on e laser head allow pou fo grad
AN o 1o your nast installaticn,

+ SINGLE POWER SUPPLY:

EASY CARRY MANDLE AND SMALL SITE

The sinphe Mnbegrated Cooling and Electronic (ICE) unit ks alsa sma
ang partabla. Closdd loop walos-to-alr cooling aueids Tha naed
for e eabarnal waker nupply. This 18 kg (40 fbs) miniatorized ICE
povens sl 1 EvirGronn modals.

QUICK SET-UP

There is no neod to align or adjust. Faculty and
students can concentrate on the sclence of PIV
and not the tools. The EverGreen becomes

o valuable ingtrument in the education

of graduste students as it requires little training
and supervision.

Industrial users value the savings from guick
installation and integration.

+« QUICK DISCONNECT CABLES

T Sl e Couble arwd the water Pses (rackdy dsronmect

P he el el ICE aliowing for rapid set op and trarsport.

Tt fecum af Guanisl = on Ealung T kesers ouf of e laboratory
ang ko “Tel world™ appiicabions. The kser head can Se comphetety
remaed from ity cabling via quick disconnects.

The coniand lines seil-neal sliowing ihe operator o aasily franspor
1t lasar head and IGE unit separmieh

+ INTUITIVE FRONT PANEL

A wkmpha yoi Frampeehimaivn frond paned alines the gcer 3 salectinn
of aparbing choices. A push of tha bition togples the laser ovor
o moocapd mebemal bigper commands 1o0f moro complele contml

+ FULLY COMPATIOLE WITH COMMERCIAL PIV SYSTEMS

mnd software




EASY INTERFACE

As well as supplying lasers for PIV to universities
and other research institutions, Quantel works
closely with the world's leading suppliers

of complete PIV systems. The Everlreen fits
flawlessly into existing or custom PIV systoms.

+ COMPREHENSIVE INTERFACE: CONTROL PANMEL,

R5232, BNC EXTERMAL TRIGGERS
By necess frond parsl, infuilive contiods.

+ VERSATILE CONTROL

Fire ome laser or boih

Chopse fhe irigper source in sagle o double pulse mote
Salect inlemal Aashismp frequency,

Vary enorgy of nach laser independanty,

+ ALIGNMENT MDDE

Lasef sy cin be aflenusted lor pasy algnmont of the oxlsmal
opRice. Simply press the Alignment Mode bulton 10 Sogghe betwoeen
low lser enargy owipul sefting and normad insor sy oulpul
This afiows positioning of dowastronm opdics withoud worry

of aplical demage

+ UNIVERSAL DPTICAL MOUNTS
Attach ligit sheet opbics directly to the laser hoad




TOUGH AND RUGGED

PIV researchers reguire a real world tool to study
flows wherever they occur, This necessitates

a laser that Is as tough and rugged as the real
world. Such a laser is born from the 20 years

of the Big Sky Laser expariancs.

+ |-BEAM COMSTRUCTION
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arxd Bva real Mmool in Ehe same plane. Any slighsl movemnl
du i prvirommenl cenidibions occum gantically in Dol mimors.
Alignmen |5 assued,

+ ROBUST BIG SKY OPTOMECHANICS

Propiiutary beam combiring optica ensures precishon buam
ouibrlingh 1o weithan of- 100 prodiaens, - 100 pmatan

This produces aasy bo use mabching Nght sheel widihs snd
thicknesses. Corrolation aolsa 8 reduced

+ VIBRATION TESTED DESIGN

Flugged deign ot homa in the kil or wond turnna

The Evericreen has whderpens silenanm shock and wbrabon
festng 0 prre The mbegrity of its design o its. stebality
0 marvres gndar haruh erronmsintsl cooctioe

+ TEMPERATURE CYCLED

The Everfrspn biter gytiem i inmpersturs oycled from 5 to 60°C
and tepaied pivey whpemen. TTeh onamrss Pl oplical Components
are weated and aach il periaima 10 speCilicalions over § wids
D Eting TRNGE

%

FverGreen
SR Y LAsEn SEmES

RELIABLE

Today's PIV user demands light, not a science
project. The EverGreen Is designed to deliver

on the Big Sky Lasar tradition of reliable,
instantaneous laser light from the moment

you take it out of the box. Laser refiabllity is
turther enhanced with the EverGreen's new
malntenance free laser head and the lowest cost
of ewnership, ever.

+ MAINTEMANMCE FREE LASER HEAD

The Evprrsen L vyriem m RroSeskay™ & M [§ @i
1o comtmmanation Bom bied partcles, cotd of Furmetity.
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4 LASER BRAIN
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for faiched b = ICT combinations,

+ LOW COST OF OWNERSHIP

(ndy eeplace the dolondiation cafridgs and waber every § monihs.
Me madntenancs requirsd for the laser heod during the wasranty
i,

+ COMPRENENSIVE 2-YEAR WARRANTY
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THE EVERGREEN FROM QUANTEL

Is a double pulsed laser system available in a choice

of three energies: 70, 145 and 200 md at 532 nm.

These dual cavity lasers deliver two pulses of green light
separated by user adjustable timing. The user precisely
controls the temporal separation of each pulse from
milliseconds to nanoseconds.

it is the ideal laser for Particle Imaging Velocimetry
applications [PIV).
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EVERGREEN

A state of the art laser for PIV

MAIN FEATURES

GRAB AND GO HANDLES

SYSTEM PARAMETERS STORED IN LASER HEAD
BUILT TO WITHSTAND HARSH ENVIRONMENTS
TEMPERATURE CYCLED & VIBRATION TESTED
QUICK CONNECT UMBILICALS

Laser solutions by QUANTEL

NEAR FIELD IMAGE 1 DIMENSIONS

@ Integrated Cooling and Flectronic (ICH
18 kg [40 Ibs]

© 500 mm [19.77]

© 406 mm [167]

© 736 mm [9.37]

Pulse 1

Pulse 2

EverGreen

BIG SKY LASER SERIES

@ Optical laser head
T kg [15.51hs]

© 102 mm [47]

@ 151 mm [67]

© 400 mm [15.757]

wva.quantel-laser.com



TOUGH. RUGGED, RELIABLE. SIMPLY EASY T0 USE

Operational 18°C - 98°C
MODEL EverGreen | EverGreen  EverGreen EverGreen | EverGreen temperature range
70 145 200 25100 30266
Storage . .
temperature range | 2°C-50°C
Wavelength (nm) 532 266
Pulse repetition rate (Hz) 15 25 15 Power 100-240 VAC )
requirements 50-60 Hz universal input
Energy (mJ)* 70 145 200 100 30
Pulse-to-pulse Flashlamps -
Energy stability (% RMS) | <2° %R <3 lifetime 100 million shots
Energy drift 10
%
Over & hours (%) Coolant distilled / deionized water
Pulse width (ns)** <1 <10
Near field beam 5V nominal into 50 Q
Diameter {mm) <50 <639 <635 <50 | <63 Triggers or 5¥ nominal into higth-
. ) impedance, user selectable
Beam divergence <4
(mrad)***
SHittoshat Laser head laser head assembly can
Pointing stability (urad) < 100 operation operate in any orientation
Ear fileld bea[rjn + 100 Laser head sealed to IP 67 specification
verlap {urad) sealing Do not submerge in water.
Near field beam + 100
ek L : Powpr gy sealed to IP 21 specification
Polarization linearly polarized, vertical sealing b
N/A, 266 nm Laser vibration MIL-STD-810F Procedure
Spectral purity (%) > 98 collinear compliance 1 Category 10
with residual
R0 Cable length 3 meters (9.84 feel)
Near field beam profile flat-top, uniform oplioral Rmelem (3241 feel
All specifications are at 15 Hz or 25 Hz
* Double pulsed system: energy given for each pulse  ** FWHM at nominal energy ~ *** Full angle containing 86.5% energy
[as. [2s5:5)
1574 17.:2] o 0.06 ) s EI;;I
Hlﬁ:m T p— ", i S e oo — )
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For more detailed
technical drawings,
please visit
www.quantel-laser.com
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Model 610026

Laser light sheet optics
With contfinuous adjustable
focusing

Model 610026 Light Sheet Optics

The Modular 610026 light sheet optics has the capability to allow continuously adjustable focal
length between 300 mm to 4000mm, generating an extremely uniform beam thickness from the
laser. The light sheet optics can handle high power laser beams up to 500m], with beam diameter of
up to 9mm. This capability allows Model 610026 to be used in the study of large wind tunnels with
long focusing distance.

Two cylindrical lenses are provided with the Modular light sheet optics. The cylindrical lens
diverges the incident laser beam in one direction, creating a tlat sheet of light. The divergence is
controlled by the focal length of the lens (i.e. the shorter the focal length, the faster the sheet
diverges). The cylindrical lenses can also be used in combination (for example the -25 and -14) to
give additional divergences, up to 50 degrees.

Cylindrical lens

Spheri%ll lens




Specifications

Light Sheet Thickness Variable beam waist.
Light sheet thickness is dependent on the laser beam
thickness and the focal lens used.

Sheet Focusing Range 300mm to 4000 mm (Dependent on beam diameter and
beam divergence)

Optical Transmission >95%

Optical Wavelength 400 nm to 550 nm
Suitable for use on Nd:YAG (532nm) and YLF lasers (527
nm)

Maximum Input Beam Diameter 9 mm

Polarisation Not affected by the polarity of the laser beam coming out

from the laser
Cylindrical Lenses

-15 mm Lens 25 degrees divergence
-25 mm Lens 14 degrees divergence
Dimensions

Diameter Z005m

Length 0.08 m

* Specifications are subject to change without notice.

Dimensions of the light sheet thickness and height at the Waist position at some discrete
focusing locations (based on beam diameter of 5 mm)

Spherical 100 mm 200 mm 500 mm 1000 mm 2000 mm

i 1 B D 4 E D ¥ & B ¥ k. D E kD
(mm) @ (@mm) ) @ @m) O @ @O @ @O @ @

-12.7 10.6 41 199 21 88 233 53 230 252 106 466 25.9212 939 26

-25 106 18 69 21 42 103 53 114 12 106 234 13 212 474 13

-50 21 18 34 53 54 55 106 114 62 212 234 6.5
-100 53 24 2.1 106 54 2.7 212 114 3.1
-200 53 9 034106 24 1.0 212 54 14

t: Thicknessof thelight sheet at the waistin Om
h: Height of thelight sheetat the waistin mm
D: Divergence of the light sheet in degrees

'a‘ UNDERSTANDING, ACCELERATED
®

TSI Incorporated - Visit our website www.tsi.com for more information.

usa Tel: +1800 874 2811 India Tel: +91 80 67877200
UK Tel: +44 145 4 459200 China Tel: +86 10 8219 7688
France Tel: +33 491 1187 64 Singapore  Tel: +65 6595 6388

Germany  Tel: +45 241 523030
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LASERPULSE™
SYNCHRONIZER
MODEL 610036

| |

App lications Features

Thellodel 610038 Zvmckromzer can be nusedfor the follosring + 8 independert outpnat chanmels; 2 it charnels

zlobal analw=is applicatiors: +250 pico second tim e reschticen

+Farticle Irmage Veloeirme e FIV ) +Zimultanecus cortrol of multiple cameras

+Planar Lazer-Indnced Fluorescence (PLIF), + External tiggaring for phase-locdking m easiwem erts

+ Tirne Besobred Particls Irnage weloc et TE-FIV) + Trigger signals for FIV, PLIF and ligh-syeedlazers
+Vohroetric 3D Velocimet ([ V3V) +Trigger agnals forhighresohion and lngh peed cameras
+IheroPIV +Programming thiong hINSIGHT 45™ Data & equisition,

+ Sty Ambems and Global Sizing Velbeimetsr (G5V) Lormlvzis and Display 5 ofteare

+Digtal fromt panel display of settings

'a‘ UNDERSTAMDING, ACCELERATED
e



SPECIFICATIONS

INSIGHT 4™ GlobalImazing, Analysis,

and Display Software Platform

TheIWZIGHT 45 package featirezall of thetoolsneeded for
everithe mog advanced global imagng meanwremernts, from
o paterted procesming algortlen = to the most elaborate data
analy=misfeahirezavailable, TheINSIGHT 45 softerare platform
uhlizing the Windows7 6d-hit operaing sygem provides

the mog poweaful computing to help wour flow dagnogics.
Taldng adratage of thehlacro programming, analy=s of
multiple sets of experimertal data carnibe analvzed ea=ily and
aitomatically. The 64-hit ermarormm ert, plusthe distribaged
processing capakility over a netwrork: of compaters, can al=o
provride results more quicklsy

For PIV meamiremn ettt s, the pulze delay ime and the time
betareen pulzes necessary to collect frame-graddled images
are controlladbsrthe Svnchronizerwia TR INSIGHT 4G

softweare.

For PLIF orother gped aliz e dim aging exp erim exs, the
Svrnchromizer can drive the camerazina long ex pomare mode,
irte grating the collected i ght sigmal owrer multiple laser pul=zes
ot pul se-pair cveles, ZimultaneousPIV /PLIF expenmertscan
alzobe comrdinat ed wia the Sxvmckroniz er, provi ding complete
cortrol of 3 cameras Charo for gereoscopic FIV meanremerts
and one for PLIF) azwell asthe laser flashlamps and

- geritches, The Model 510036 Zvmclronizer can operate

11 an external tri gger mode, forphasze-locking PIV cx PLIF

meamremerts to som e external evert or periodic trigger.

‘a UNDERSTANDING, ACCELERATED
L]

TH Incorporaied - Visit ourarebsite www kicom for more information.

USA Tel:+1 500574 2511 India Tel: +91 50 &5 77200
UK Tel: +44 149 4 450200 China Tel +55 10 5219 7oEE
France Tel-+35491 115764 Singapore Tel +550505 6358

Germany  Tel: +49 241 5230350

BT 5001618 (A4 ) Rer B ©2014 TSI bworparated PrivindimTE. A

Pulze Generation

Delay 0-5,000%
Pulzewidth 10 15 to 1,000 5
Eesohition 0251

Iimehase 100 WiHz , Lonar jiter FL
E.ME jitter =50

Catputs

Cutputs TTL/CRIOS, Admastable 2 - 20 W, 35 W (optioral)
Impedance S0 ohm s

§ lenar Fate =05V s

e s hoot =100V + 0% ofpulse amplinde

A mplimds 2.0- 10%DC ko 1 Foben load

1.0- 10V DT ixto 50 clwws

ExtermnalT rigger

Fate Do SWIHz

Threshold S00wiV to 157

Input range &0 W Peak

Irgger slope msing or Allivg edge
EME jitter Slpy

Hardwrare

Comnmnication to USE R5-231
Computer

O pemtng volEge 120240 VAT, 5060 He
?Hufwn;mn? B 4.75 % 10 51 (203 12 26. 7 cm)
“Weight 25hb.al.1kg)

Hpo cific ations are subject to change witheut notice

- mAS T
P b
SEAY
:.'rlll 4 ’
e e ———
e -

INSIGHT 4G
Global Imaging, Analysis,
and Display SoHware
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ANDOR

an Oxford Instruments company

—Zyli sCMOS

Introducing Zyla 4.2 PLUS
32% QE and Industry Fastest Speed

- ZYLA 4.2 PLUS

e 4.2 megapixel sCMOS

* 82% QE, optimized for all fluorophores
¢ 0.9 e read noise

¢ 100 fps (63 fps USE 3.0

* 33,000:1 dynamic range

ZYLA 5.5

Quantum efficiency (%)

* .5 megapixel sSCMOS

¢ Rolling & True Global Shutter
e 1.2 e- read noise

* 100 fps (40 fps USE 3.0}

¢ 25,000:1 dynamic range

v, QE Boosted to 82%
v Industry fastest USB 3.0 speeds

v' >99.8 % Quantitative Linearity




ANDOR

KEY INNOVATIONS OF
— THE NEW ZYLA 4.2 PLUS

1 QE Boosted to 82% i
" 10% higher QE
The latest-generation sSCMOS sensor delivers a further 10% boost 50 e Q —
in QE, providing excellent broad coverage of the VIS/NIR region. % . i . S—
g 0 /ﬁ — \
_ 7 / .
~ Optimized for a broad range of fluorophores . / / i \ \
£ ; mChamry
v Reduced exposure times & faster frame rates g o 4 ,é, . \
Z HIC Alexa 633
+ Reduced phototoxicity / photobleaching & wm o
+ Lower fluorophore concentrations — more accurate physiology 20 Lo B
.'Mmm Alexa 750
10 (R
[T+ =
8}
400 500 [20] 00 800
Wavelength (nmj

4 Application Modes

LightScan PLUS - Adapts the Rolling
Shutter scan mode to applications
such as Scanning LightSheet
Microscopy and Line Scan Confocal

FCS Mode — Achieve up to 26,041 fps,
ideal for Fluorescence Correlation
Spectroscopy

Click here to find out more
about the Zyla 4.2 PLUS.

2 Market Leading Speed
3 Market Leading Quantitative Linearity

Superior data transfer efficiency and Zyla’s unique 12-bit
high speed mode combine to deliver an incredible 53 fps

through super-convenient USB 3.0, up to 77% faster than Zyla4.2 PLUS uses enhanced on-head intelligence
competitor sSCMOS cameras. to deliver market-leading linearity of > 99.8%, for
unparalleled quantitative accuracy of measurement
With this capabhility, speed is on tap to allow you to follow faster across the full dynamic range.
dynamic processes with improved temporal resolution. Opt for
the Camera Link version to access up to a blistering 100 fps full . Better than 99.8% linearity
resolution). .+ Increased quantitative accuracy
v Industry fastest USB 3.0 frame rates
+ Unique 12-bit mode for even faster speeds 000
~ Up to 77 % faster (full resolution) than competing 000 Dl
sCMOS o | Saturation
+ Unique ROI processing capability — Faster ROl speeds
: "oy S0000
+ Follow faster temporal processes with a super- B,
convenient USB 3.0 camera B e
Competing i:% 0000
sCMOS USB 3.0 T
12-bit/ Full reselution Not avallable fre

16-bit/ Full resolution 30 tps 40 fps

200 fps

0.00 005 010 .15 0.20 02, 030 035
Exposure (s}

12-bit/ 1024 x 1024 Not available
16-bit/ 1024 x 1024 60 fps
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company

Andor's Zyla sCMOS camera platform offers high speed, high sensitivity and high
resolution imaging performance. The remarkably light and compact, thermoelectrically-
cooled design, integrates perfectly into both laboratory and OEM applications alike,
Zyla is ideally suited to many cutting edge experiments that push the boundaries of
speed and sensitivity,

The unprecedented value and flexibility of the Zyla means it is also re-defining the concept of a 'workhorse'
camera, rapidly displacing interline CCDs as the gold standard microscope detector,

Feature Benefit

Highast available photon capture efficiency across visible/MNIR, optimized for all common fluorophores.

IE W i,
BNk Ropsiadce 527 Shorter exposures, reduced phototaxicity, lowear dye concentrations for mora accurate physiology.

~ 1 e~ Read Noise MNoise floor down to 0.8e. Lower detection limit than any CCD

Superh UEE 3.0 data transfer efficiency and Zyvla's unigue 1 2-bit high speed mode daliver up to 53 fps

MEW Market lkeading USB 3.0 speed full rezolution, 77% faster than competing sCMOS, Follow dynamic processes with improved temporal
resolution.

100 fps (Camera Link) ﬁg(lj? offeras '10-tap' Camera Link for maximum sustained framea rates. (Burst to 4GE on-head meamory on

5.5 & 4.2 megapixel sensor formats and 6.5 pm Extremely sharp resclution ovar a 22 mm (Zyla 5.5) and 18 mm (Zvla 4 2 PLUS) diagonal field of view. |deal

pixels for cell microscopy, astronomy and area scanning applications.

Maxirmum exposure and readout flexibility across all applications. Global Shutter for ‘interline CCD moda!

Bplling:and:Global shuter Zviabf) freeze frame captura of fazt moving/changing evants.

Extended Dynamic Range Unique 'dual gain amplifier’ sensor architecture offaring dynamic range of up to 33,0004

12-bit Modea for smaller file size and absolute fastest frame rates through USE 2.0; 16-bit maode for full

12-hit and 16-hit modes 5
dynamic range

MNEW/ Better than 99.8% linearity Unparalleled guantitative meazsuremant accuracy across the full dynamic range.

Implemantad on both models. Dezigned with vibration zensitive experiments in mind, such as supar-

Very Low Fan Vibration : :
resolution microscopy

Maximize fluorescence signal and confocality concurrently in applications such as Scanned Light Sheet

kigooeanELLS Microscopy and Line Scanning Confocal Microscopy

Fluorescence Correlation Spectrozcopy requires the fastest pozsible speed from a minimal height ROl
Zyla 4.2 PLUS outputs a sustained 26,041 fps from a 2048(h) x 8w) RO

Extramely compatitive low darkcurrent of 0.14 a/pix/sec with fan cooling. Maintains low noise advantage
across range of exposure conditions,

NEWFCS Mode
Dark Noise Suppression (DNS) technology
TE cooling to 0° C in up to 30 °C ambient Idaal for CEM integration into enclozed systams.

Compact and Light Idaal for integration into space restrictive set-ups. Ideal for GEM.

Zimplify and optimize data transfers from camera to Graphical Proceszzing Unit (GPUY card to facilitate

NEW.QPU Expess accelerated GPU processing as part of the acquisition pipeline.

Dynamic Baseline Clamp Enzure quantitative stability

Hardware Timestamp FPGA generated timestamp with 25ns accuracy.

whereby all pixels in the area are exposed SimL I|tdllP l_lb|y and is direc tly
cll'lcl|()(](_)l_lb to'thatwhich is available in interline CCDs. True Global shuttergis

(: : .')|(—"[hl(_)l_lqh the ‘51" (b-transistor) sensor design exploited inithe Zylcl
ay pllc ation flexibility and is ideal for tight synchronization
oral devices such as z-stage or switchable light source
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Zyla sCMOS has proven a superb Example Areas of Application
camera choice for the biologist _ _ _ .
Physiology / lon Imaging Light Sheet Microscopy

and microscopist. Many simply
see the Zyla as an amazing
value, superb price/performance
'‘workhorse' camera with which to
replace their existing interline CCD
and upgrade the performance of
their fluorescence microscope.
Others are driven by distinct
application performance criteria
that only sCMOS can answer.

The fast frame rate and excellent
sensitivity of Zyla is ideally suited to
the particular needs of ion signalling
microscopy. Zyla 4.2 PLUS offers
superlative sensitivity at speed, but
electrophysiology may require the
Global Shutter exposure mode of Zyla
5.5 to ensure temporal correlation
across the whole image.

Super Resolution Microscopy

The low vibration, high QE, low noise
and speed capahility of Zyla 4.2
PLUS (USE 3.0 and Camera Link) is
well suited to the particular detection
criteria of single molecule based
'STORM S PALM ' approaches, and
is used by some as an alternative to
EMCCDs for this purpose, Mote, this
should be considered distinct from
the general needs of single molecule
microscopy, which are best sened
by back-illuminated EMCCD cameras
{zee Andor Kon EMCCD range).
Capability to switch off interpolative
filtering and provision of custom
blemish maps. GPU Exprass for real
time data processing.

Quality, Throughput,
Performance, Accessibility

— High Sensitivity & Wide Dynamic Range
— guantify very weak and very bright
structures with cne image.

— Superb Image Quality — high resalution
and unifarm backgrounds for publication
guality imaging.

— Capture Everything — the larger fisld of
view matches that of moderm microscopes.
Achisve better stafistics and higher
throughout in high content experiments.

— Blazingly Fast — more and more studies
of cell processes require greater temporal
resalution.

— GPU Express —for raal time processing.

— Ease of use — designed to gat you up and
imaging with minimal fuss.

— Flexible — fast or slow, big or small, weak
or bright... Zyla iz adaptable for all of yvour
imaging challenges.

High Content Screening

Zyla sCMOS yields markedly improved
throughput and statistical validity of
data in high content analysis. For
example, a larger field of view results
in analysis of more cells per image,
wider dynamic range means a field

of variable intensity cells can be
quantified in only one acquisiion, and
higher sensitivity results in reduced
acquisition times. GPU Express for
real time data processing.

For further |nf0rmat|on view thls
article: hioh

Andor sSCMOS cameras have been
at the forefront of innovative Light
Sheet Microscopy development and
significantly the Zyla 4.2 PLUS is now
equipped with LightScan PLUS.

LightScan PLUS, ensures the user
has additional control and flexibility
over the functionality of the rolling
shutter scan mode, LightScan PLUS
allows the user to scan their scanning
light source from the top to the bottom
of e sensor, or vice versa, inone
continuous sweep. In addition to this,
FlexiScan permits the independent
adjustment of scan row height ('slit
height'} and line scan speed, allowing
signal strength and confocality to be
optimized concurrently. CycleMax,
ensures the fastest rame rates can
be achieved with no dead time and
no need to reset the laser for each
alternate frame. GPU Express for real
time data processing.

Cell Motility

The motile cellis capiured extremely
well by the speed and resolution of
the Zyla. Generally, the rolling shutter
of Zylad.2 PLUS is suited, but care
must be taken of distortive effects if
the cell is moving particularly fast, For
example, it has been noted that the
Zyla 5.5 in global shutter mode was
required to image motile sperm cells.

TIRF Microscopy

The Zyla's fine pixel resolution, great
sensitivity, large field of view and fast
imaging speed offers a supert choice
of platform for following/tracking fast
processes at the cell membrane,
Multi-wavelength TIRF may benefit
from Zyla 5.5 in global shutter,

5.5 MP sCMOS

Zyla rermains within the same price
bracket as interline CCDs, yet
offers remarkable performance
improvements:

. H4MP ccb

* dx more pixels

* 5x more sensitive

+ 10 more dynamic range
+ 18 faster

Andor sCMOS
_1 I




Zyla _

Zyla sCMOS has become a well
established detector amongst
physicists, biophysicists and
astronomers, the advanced

combination of speed, sensitivity and
dynamic range enabling new ground

to be broken.

— Dual Amplifier — novel pixel architecture means
you don't need to pre-select gain. Access lowest
read noise and full well depth simultaneously.

- 1000 fps - Access extremely fast frame rates
through user definable Region of Interest contral,
suited to many applications within the physical
SCIBNCEs.

- GPU Express — for real time processing.

— Global Shutter — Zyla 5.5 offers this important
mode that completely avoids spatial distertion, and
ensures temporal correlation across all regions of
the sensor. Achieve sub-microsecond inter-frame
gaps in PN applications.

— Low darkcurrent — low read noise is
complimented by extremely competitive
darkcurrent, alsc ensuring minimized haot pixel
blemishes.

- Cooling options - standard Zvla 5.5 camera air
cools to OPC at up to +30°C ambient. Water coolaed
option available on request.

- Blemish correction maps and advanced control
— Andar provide the capability to turmn off/on
blemish correction for those who prefer to perform
this themselves. Bespoke blemish maps can also
be provided.

- Compact and Light - the extremely small volume
footprint of 2a renders it adaptable to intricate
optical set-ups.

Particle Imaging Velocimetry
{PIV}

The true Global Shutter mode of Zyla
5.5 facilitates an inter-frame gap of
down to 100 ns.

Lucky / Speckle Imaging
Zyla's fast frame rate and large field
of views are ideal for this resolution
enhancing technique. GPU Express
for real time data processing.

Solar Astronomy

Fast frame rates, wide dynamic range
and great linearity present a very
formidable solution to the specific
detector needs of next generation
large solar telescopes,

Bose Einstein Condensation

The QE profile of 2ylais very good in
the red/MIR region, ideal for BEC of Rhb,

ANDOR

company

Adaptive Optics

Accessing = 1000 fps using ROls
renders the Zyla an ideal Wavefront
detector, Use with data splitter to
enable direct data access.

Fluorescence Correlation
Spectroscopy

Superb temporal resolution from

small ROls are excellent for accurately
measuring diffusion coefficients,

X-ray / Neutron Tomography

The Zyla can be readily lens coupled
to scintillators and phosphors,
presenting a high resolution, sensitive
and fast solution for tomography,”

SCMOS image of M21 and MB2 in Ursa Major,

Courtasy of Jin Ma, Xinglong Obeervatory, Mational Astronomical

Chearvatony of Chinesa Acadermy of Scencas,

*Zyla HF - Fiber Optic coupled Zyla

Check out Andor's new Zyla HF Fiber Optic coupled camera, superb for fast
indirect X-Ray applications such as tomography or non-destructive testing,

oo ol
5



uniquely offers
both Rolllng and frue Global
Shutter exposure modes. This
provides superior application
and synchronization flexibility
and the ability, through global
exposure, to closely emulate
the familiar ‘Snapshot’ exposure
mechanism of interline CCDs.

Global exposure in particular is viewed as an
important mode for the biologist, as it's benefits
are deeply synergistic with the core imaging
reguirements of live cell microscopy.

— NO Spatial Distortion - avoiding the spatial
distortion risk of rolling exposure

- Recommended for 3D f 4D microscopy -
Tight evyncing to peripheral switching
davices

- Higher Signal to Noise due to reduced dead
time - the entire exposure cyde can be used

- Simplicity — all the benefits of an ‘interline
exposure mode’

- Continuous or Pulsed light sources

- Sub-microsecond inter-frame gaps in PIV
applications

{ e to read more about this mode and other
Frequently Azked Cuestions on Rolling and Global
Exposure modes.

LightScan PLUS for Zyla 4.2 PLUS

Key Benefits:

— independent control of scan row height {slit height’)
and line scan speed.,

— optimize signal to noise AND confocality concurrently

— scan synchronization oufput for easy synching to
lazer beam

CycleMax

— maximurm frame rates with reduced dead-time, no
need toreset scan laser for each alternate frame

ere to find out more about LightScan PLUS.

Exposure Start

Rolling and true Global Shutter modes
describe two distinct types of exposure
and readout sequence.

In rolling shutter, available in Zvia 4.2 PLUS
and Zvla 5.5, different lines of the array
are exposed at different times as the read
out 'wave' sweeps through the sensor.
10 ms is required at the start to 'activate’
the sensor to expose, and then 10 ms is
required at the end to readout the sensor.
Use when not synchronizing to peripheral
devices AMND only when there iz a minimal
risk of spatial distortion from maoving
samples.

ANDOR

company

In trie global shutter, available in Zvla
5.5, each pixel in the sensor begins the
exposure simultaneously and ends the
exposure simultaneously. This provides
atrue 'Snapshot’ exposure capability for
moving samples that is both 'photon-
efficient’ and easy to synchronize to,
especialty useful for 30 /40 microscopy.
Zyla 4.2 PLUS, while utilizing a rolling
shutter sensor, offers a Sinuwlated Global
Exposure mechanism to overcome risk of
spatial distortion. This mechanism is more
elaborate and less photonftime efficient
than true Global Shutter,

e to read more about Rolling and
Global shutter modes on our Zvla camera.

Global Shutter exposure and readout (single scan)

Exposure Start Exposurs

Exposure End

Rolling Shutter exposure and readout (single scan)

Exposure

Feadout

For further information of Bolling and Global Shutter, please azcess the following technical notes through the Andor
Learning Centre: 13 Boling and Global Shutter 2 Synchroniing to Roling and Global Shutter sCMWOS cameras

Center Out Bottom Up

Top Down Bottom Up

Top Down Outside In



Being a very fast, low noise
technology, sCMOS does hold

some potential to offer an alternative
technology to these single photon
sensitive detectors across some
applications and techniques, including
to an extent, super-resolution
microscopy and TIRF microscopy.
Whilst the read noise of sCMOS

is very low compared to CCDs,
EMCCD technology holds the distinct
aclvantage of being able to practically
eliminate read noise, rendering them
single photon sensitive,

1o |83 photons/pixel Is‘
2
g 20 photons/pixel .“ .
9 ;
‘o / — SNR Back-illuminated EMCCD
zo 1) — SNR Zyla 5.5 {2x2 binned)
% SNF: Zyla 4.2 PLUS (2x2 binned)
E 11— 3 : |
(=1}
& \/ 10 100 1000
Incident light (Photon/pixel)
0.1
490 photons 68 photons 8 photons
per pixel per pixel per pixel
W=
Zyla 5.5 sCMOS
2x2 binned
(13 pm)
Back- I Ii . III;I\ ;
illuminated | | - IS
EMCCD |“ E
(13pm)
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After the first few years of sSCMOS
being in the market, we are concluding
that the primary applications for which
EMCCDs were originally purchased,
such as single molecule detection
and low light spinning disk confocal
microscopy, are continuing to benefit
from this ultrasensitive technology.
EMCCDs offer a raw sensitivity that
cannot be surpassed in the very low
light regime. However, EMCCDs
remain relatively expensive, so they
will always be considered a more
selective, ‘high-end’ solution.




TECHNICAL
SPECIFI

MODEL SPECIFIC
Model
Sansor type

Active pixels (W x H)

Sensor size

Pixel readout rate (MHz)

Read noise {g') Median [rms] *

Maximum Quantum Efficiency *

Sensor Operating Temperature
Air cooled

Water cooled
Dark current, e /pixel/sec @ mintemp "

Air cooled
Water cooled

Readout modes
Maximum dynamic range

Photon Response Non-Uniformity (PRNU)

Pre-defined Ragion of Interest (ROI)

User defined ROl granularity

Data range

Interface options

* Cooling termperature must be above the dew point

CATIONS

SPECIFICATIONS™

Zyla 5.5
Front llluminated Scientific CMOS

2560 x 2160 (5.5 Magapixel)
16.6x14.0 mm
21.8 mm diagonal
200 (100 MHz x 2 sensor halves)
560 (280 MHz x 2 sensor halves)

Rolling Shutter Glohal Shutter
T2 24 [27]
1.45[1.8] 26 [2.8]

505

@ 200 MHz
@ 560 MHz

0°C (up to 30°C ambient)
B[l

014
0.04
Raolling Shutter and True Global Shutter (Snapzhot)
25,0001

< 0.5%

ANDOR

= company

Zyla 4.2 PLUS
Front llluminated Scientific CMOS

2048 x 2048 (4.2 Magapixel)

13.3x13.3mm
18.8 mm diagonal

Slow Read 216 (108 MHz x 2 zansor halves)

Fazt Read 540 (270 MHz x 2 senzor halvas)

Rolling Shutter
0.90[1.4]
1.10[1.6]

@ 216 MHz
@ 540 MHz

2%

0°C {up to 27°C ambient)
B ekl

014
0.04
Relling Shutter and Global Clear 2
33,0001

2 01%

2048 x 2048, 1920 x 1080, 1492 x 1040, 512 x 512, 128 x 128 1920 x 1080,1382 x 1040, 512 % 612, 128 x 128

1 pixel ™
12-bit (fastest USE 3.0 speads) and 16-bit (maximum dynamic range)

UsBao0*
Camera Link 10-tap

= Minimum ROl size pozzible: 16 2 12 in 12-bit mode and 12 2 12 in 16-bit mode

GENERAL SPECIFICATIONS™

Pixel size (W x H)

Pixel well depth (&)

Linearity (¥, maximum) *°

MTF (My«quist @ 555 nmj

Pixel hinning

Anti-blooming factor

1/0

Trigger Modes

Software Exposure Eveants®
Hardware timestamp accuracy

Internal memory

6.5 Jm
30,000
Better than 99 8%
459
Hardvare binning: 2x2, 3x 3, 4x4, 8x8
X 10,000
External Trigger, Fire, Fire n, Fire All, Fire Any, Arm
Internal, External, External Start, External Expozure, Software Trigger
Start exposure - End exposure {row 1), Start exposure - End exposure (row n)

25ns

1 GE




FRAME RATE TABLE - 12-BIT

Zyla5.5USB3.0

Ralling Shutter
2560 x 2160 40 (30} 40 (30)
2045 x 2048 53 (40] 52 (39)
1920 x 1080 107 (30) 98 (30
512 x 542 422 (422) 201 (201)
128 x 128 1691 (1691) 716 (716)

2048 x 8 (FCS mode) 13568 (101786) 4008 (4008)

1024 x 8 (FCS mode) 27057 (27057) 4008 (4008)

QUANTUM EFFICIENCY (QE) CURVE *

ANDOR

an Oxford Instrumants company

(16-BIT)"

Zyla 5.5 10-tap

Global Shutter

Zylad.2 PLUS 10-tap | Zyla 4.2 PLUS USB3.0

100 (75) 49 (49] <

105 (98) 52 (52) 101 (101) 53 (40]
200 (200) 57 (97) 192 (192) 107 (80]
422 (422) 201 201) 406 (4086) 406 (408)
1691 (1681) 716 (716) 1627 (1627) 1627 (1627)

27057 (27057) 4008 (4008) 26041 (26041) 13568 (101786)

27057 (27057) 4008 (4008) 26041 (26041) 26047 (26041)
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GPU Express
GPU

EXPRESS

Adaptive Optics,

= Optirmal data throughout

The Andor GPU Express library has been created to simplify and optimize data transfers from
camera to a CUDA-enabled MNVidia Graphical Processing Unit (GPU) card to facilitate accelerated
GPU processing as part of the acquisition pipeline. GPU BExpress integrates easily with SDK3 for
Windows, providing a user-friendly but powerful solution for managerment of high bandwicth data
flows challenges; ideal for data intensive applications such as Light Sheet Microscopy, Super-Resolution Microscopy and

s Enhanced convenience, afforded by simple, optimized GPU data rmanagement

+ Superb, easily accessible documentation and examples.
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CREATING THE OPTIMUM PRODUCT FOR YOU

Step 1. Select the camera type

| ZY¥LA 4.2 PLUS, 4.2 Megapixel, Rolling shutter, 100 fps, Gamera Link 10-tap ZYLA-4.2P-CL10
| ZYLA 4.2 PLUS, 4.2 Megapixel, Rolling shutter, 53 fps, USE 3.0 ZYLA-4.2P-USB3
ZYLASS, 5.5 Megapixel, Rolling and Global shutter, 100 fps, Camera Link 10-tap ZYLA-5.5-CL10
C_?rnzra ZYLAS5, 55 N‘Iegapi)’(el,.F{oiiihg:_amd"éiobal shutter, 40 fos, USB 3.0 ZYLA-55-USE,3
" For watar cooled option, add -W fo your selkected camera code

Step 2. Select the required accessories

C3-mount adapter ACC-MEC-05609

F-mount adapter ACM-05574

Alto extension tubes (set of 3) for C-mount QA-ECMT

Auto exte_n-sjjon tubes (set of 8) for Nikon F OA-ENAF

Fe-circulator for enhanced cooling performance XW-RECR

Oasis 160 Ultra compact chiller unit ACC-XW-CHIL-160
5 meter Camera Link connector cable. Order x2 if using with Zyla Camera Link 10-tap ACC-ASE-02992
models.

10 meter active Gamera Link connector cable, including power supply. For use with Zyla ACC-ASE-06962

10-tap Gamera Link models.
30 meter fibre-optic extender solution for use with Zyla Camera Link 10-tap models. AGCC-ZYLFOX-1 0TAP-30M
100 meter fibre-optic extender solution for use with Zyla Gamera Link 10-tap models. ACC-ZYLFOX-10TAP-100

Accessories

15 meter active USE 3.0 connector cable (power supply not required). For use with Zyla ACC-ASE-06887
U3B 3.0 models.
50m fibre optic USE 3.0 extender solution including power supply. For use with Zyla ACC-ASE-08762
USB 8.0 models.
100m fibre optic USEB 3.0 extender solution including power supply. For use with Zyla ACC-ASE-078860
3B 3.0 models.
PG Workstation for up to 100 fos continuous spooling to hard drives, acquiring up to WKST-1 WIN

120,000 12-bit full resolution images: Dell T7910XL, 2.6 GHz Eight Core, 8 GB RAM, 4x
250GB 230 hard drive configured in RAID 0.

PC Workstation for up to 100 fps continuous spooling to BRAM, acquiring up to 8,000 12- WKST-3 WIN
it full resolution images: Dell T5810, 3.5 GHz Quad Core, 64 GBE BAM.

For further information on PC workstations for Zyla, please refer to the technical note PO Specifications for sCMOS

Step 3. Select the required software

The Zyla also requires atleast one of the following software oplions:

Solis Imaging A 32-bit and fully G4-bit enabled application for Windows (7 and 8) offering rich functionality for data
acquisition and processing. AndorBasic provides macro language control of data acquisition, processing, display and export.

Andor iQ A comprehensive multi-dimensional imaging software package. Offers tight synchronization of the camera with
a comprehensive range of microscopy hardware, along with comprehensive rendering and analysis functionality. Modular
architecture for best price/performance package on the market.

Andor SDK3 A software development kit that allows you to control the Andor sCMOS cameras from your own application.
Ayailable as 32 and 64-hbit libraries for Windows (7 and 8) and Linwx. Compatible with C/C++, LabView and Matlab.

GPU Express Andor GPU Express library has been created to simplify and optimize data transfers from camera to a CUDA-
enabled MVidia Graphical Processing Unit (GPU) card to facilitate accelerated GPU processing as part of the acquisition
pipeline. Integrates easily with Andor SDK3 for Windows.

Third party software compatibility

Crivers are available so that the Zyla can be operated through a large variety of third party imaging packages. See Andor web
site for detail: andor.com/software/

Software
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PRODUCT DRAWINGS

Dimensions in mm [Inches)

Mounting Points
[0.180] 4x 1420 UNC T 5.0 [0.196]
46 (2 On Opposite Side)

ANDOR

an Oxford Instruments company

Std Camera o 15 Way
Link D Type

e_(:‘

L
——
| S—
IC | c—

+0.039
0.24 0.020 =
+1.0
60-05
([0,689] )
175
[0770] [3937]
195 1000
[5.249]
1333
[3.150]
800
[1811] Mounting Points
460 4xM4 T 7.0[0.275]

[2.677]
58.0
[3.228]
82,0

C Mount Shown

On/Off

Third-angle projection

USB3 T B
Lockablg I(lieal:tle

Note: Please leave 70mm minimum for the bend radius of the USE 3.0 cable.

Weight: 1,000 g [2 Ibs 3 az7]

Product drawings of the water cocled Zyla can be

found at hitp:/Arewew andor comMwatercocladzyla

Camera Control

{Longer lengths available as accessories).

TTL / Logic

Frame Readout and Fire Pulse

Connector type: 3 meter Camera Link 10-tap connectors or USE 3.0

Connector type: 15 way D Type vath TTL 1/Os for External Tngger,

CONNECTING TO THE ZYLA

17.5mm Optical Distance
Can be ordered with CS and F Mount

REGULATORY COMPLIANCE

* RoHS compliant

¢ EU EMC Directive

¢ EU LV Directive

¢ |[EC 61010-1 CB Scheme

EXTERNAL POWER SUPPLY COMPLIANCE
¢ UL-certified for Canada and USA

¢ Japanase PSE Mark

POWER SUPPLY REQUIREMENTS

¢ Power: +12VDC £ 5% @ 5A

¢ Ripple: 200 mV peak-peak 0 - 20 MHz

¢ 100 - 240 VAC 50/60 Hz external power supply
¢ Power Consumption: 12V @ 5A Max, 12V @ 2.54 Nominal

15-WAY D-TYPE PINOUTS

1 ARM Output
2 Al Qut_1* CUtpuUt
3 FIRE rowe n Cutput
4 FIRE row 1 Output
5 Al Out_2 Output
<] Ground GhD
7 External Trigger Input
8 Spare Input [nput
9 Feserved TAA
10 Rezerved INEA
11 Reserved [AA
12 Reserved TNAA
13 Rezerved [AA
14 Rezerved TNAA
15 Reserved (R

A Out_1is configurable as Fire, Fire n, Fire All or
Fire Any. Refer to the Jyla hardware manual.
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ORDER TODAY

Need more information? At Andor we are committed to finding
the correct solution for you. With a dedicated team of technical
advisors, we are able to offer you one-to-one guidance and

technical support on all Andor products For a fuII listing of our
regional sales offices, please see: ' )

Qur regional headquarters are:

EUROPE JAPAN

Belfast, Northern Ireland Tokyo

Phone +44 (28) 9023 7126 Phone +81 (3) 6732 8968
Fax +44 (28) 9031 0792 Fax +81 (3) 6732 8939

NORTH AMERICA
Concord, MA, USA
Phone +1 (860) 280 9211
Fax +1 (860) 290 9566

CHINA

Beijing

Phone +86 (10) 8271 9066
Fax +86 (10) 8271 9055

ITEMS SHIPPED WITH YOUR CAMERA

For Camera Link 10-Tap Models:1 x Camera
Link Card and 2 x 3 meter connector cables.
For USB 3.0 models: 1 x USB 3.0 PCle Card
and 1 x 3 meter USB 3.0 cable (Type Ato B

1 x Power supply with mains cable

1 x 7-way Multi 1/0O timing cable, offering Fire,
External Trigger and Arm (3 meter)

1 x Quick Start Guide

1 x CD containing Andor user guides

1 % Individual system performance sheet

INSTRUMENTS I

The Business of Science®

F@O-I'NGTES Specifications are subject to change without notice

—_

Figures are typical unless otherwise stated.

Readout noise 1s for the entire system and 1s taken as a median over the sensor area excluding any

regions of blemishes. Itis a combination of sensor readout noise and A/D noise.

Quantum efficiency of the sensor at 20°C as supplied by the manufacturer.

Dark current measurement is taken as a median over the sensor area excluding any regions of blemishes.

Lineanty 1s measured from a plat of Signal vs. Exposure Time aver the full dynamic range.

Software Exposure Events provide rapid software notification (SDK only) of the start and end of acquisition,

useful for tight synchronization to moving peripheral devices e.g. Z-stage.

7. The maximum frames/s table for Zyla indicate the maximum speed at which the device can acquire iImages
in a standard system at full frame and also a range of sub-array size, for both rolling and global shutter read
modes (Zyla 5.5), 12-bit single amplifier {rates also apply to dual amplifier 16-bit for Zyla 4.2). Note that
the wnte speed of the PC hard drive can impose a further restnction to achieving sustained kinetic series
acquisition.

8. ‘Global Clear'is an optional keep clean mechanism that can be implemented in rolling shutter mode,
which purges charge from all rows of the sensor simultaneously, at the exposure start. The exposure end
1s still rolling shutter. It can be used alongside the Fire All output of the camera and a pulsed light source to
simulate Global Exposure mechanism, albeit less efficiently than the true Global Shutter exposure mode of
Zyla 5.5. Furthermore Global Clear differs from true Global Shutter in that it can only be used in ‘non-overlap’
readout mode, i.e. sequential exposure and readout phases rather than simultaneous.

9. Zyla USE 3.0 models should work with any modern USB 3.0 enabled PC/laptop (provided hard drives or

RAM is sufficient to support data rates) as every USE 3.0 port should have its own host controller. Zyla USB

3.0 models also ship with a USB 3.0 PCI card as a means to add a USE 3.0 port to an older PC, or as a

diagnostic aid to interoperability issues or to ensure maximum speed.

I

AN

MINIMUM COMPUTER REQUIREMENTS:
* 2.68 GHz Quad Core

+ 4GB RAM (increase RAM if to be used for continuous

data spooling)
+ Hard Drive:

Minimum 450 MB/s continuous write for LISB 3.0 models
Minimum 850 MB/s continuous write for Camera Link

10-tap models
+ PCl Express x4 or greater for USB 3.0 models

+ PCl Express x8 or greater for Camera Link 10-tap models

* Windows (7 or 8) or Linux

* See technical note entitled: 'PC Spechications for sCMOS!
Note, Andor supply PC workstations for Zyla, see page 10.

Operating and Storage Conditions
» Operating Temperature:
Zyla 5.5: 0°C to 30°C ambient

O_JO _Jd3

FM4052) EMS31062

Zyla 4.2: 0°C to 27°C ambient i MATLAR '
» Relative Humidity: < 70% (non-condensing) & A {) Clements
FaA ph N

* Storage Temperature: -10°C to 50°C LabVIEW

EPICS -
!% Jeu:a cellSens pManager

$iHRIPEED ',' | ﬂ
@ uﬁo;; 7 W|=nitm!. & Iﬁx

Power Requirements
* Please refer to page 11

Windows iz aregistered trademark of Microsoft Corporation

LZYLASS 0616 R
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Application Note

PIV Mode for Neo and Zyla

Introduction

ANDOR"

TECHNOLOQY

This tech note details how to integrate the Andor Scientific CMOS (sCMOS) family of
cameras, Neo and Zyla, into a Particle Imaging Velocimetry (PIV) setup.

The acquisition type described can be configured either in Andor
Solis acquisition software or through use of the Andor Software
Development Kit (SDK3). It is alzo possible to use 3rd party
acquizition software environments such as LabView or MatLab. The
Neo and Zyla both house a 5.5 megapixel s=CMOS sensor, the unique
architecture of the sensor presenting the only sCMOS device with
both true global shutter and rolling shutter exposure modes, read
noise down to 1 electron rms, dynamic range of up to 30,000:1 and
full frame rates of up to 100 fps in rolling shutter, 50 fps in global
shutter. The global shutter exposure mechanizm will be ufilizedin a
PIV double exposure configuration, offering an inter-frame time that
is optically measured down to < 1 ps.

Asgsumptions regarding the PIV set-up:-

* The camera can be externally triggered and the length of exposure
cycle controlled through the period of the input TTLs [External
Exposure Trigger mode]

* Thelaser, or illuminating source, can be independently triggered.

¢ Sequences of images pairs are required having minimal temporal
delay {down to sub-mi crosecond) between images within a pair.

PIV Technique and Typical Setup.

PIV is an optical method of flow visualization used in research and
industry to obtain velocity measurements and related properties in
fluids. Temporal resolufion iz a key parameter in this technique.

A PIV get-up typically includes the following equipment:-
* Camera with lens

¢ Triggerable pulsed laser

¢ Cylindrical Lens

* Synchronization Unit

* PIV seed Particles

PIV mode can
support a variety of
options from single
paired exposure to
continuous multiple

Figure 2: Typical PIV Sefup

The laser’s beam ig fantailed by a cylindrical lens to illuminate a
plane of the sample which is imaged by the camera. The lazer and
camera are infegrated using a device, such as the synchronization
unit shown above, which will act as the master timing control unit.

The camera is conFigured to acquire a pair of exposures (although
multiple exposure pairs can be conFigured) of the sample plane with
minimal delay between the exposures. The length of the camera
exposure is normally not a key requirement, with relatively long
exposures commonly being used. The synchronization unit provides
two pulses to thelazer, or illuminating source, causing it to fire, once
near the end of the exposure of the first image and then again at the
beginning of the second exposure. The key timing paramefer is
the time At between the illumination pulses ag this determines the
temporal resolution for the two images, which are then processed to
produce a suiTable vector map derived from this time differential.

The technique usually requires some parficles to be seeded into the
medium in order to be obzerved. These particles enable the flow of
the medium to be observed without altering the movement. These
particles are illuminated, normally by a laser pulse or strobe, to
enable their location to be imaged.

IMAGES PIVSOFTWARE  VECTOR MAP

Figure 3: Image Frocessing

FPage 1




Configuring the Camera for PIV

To usge the Zyla or Neo sCMOS cameras for PIV we recommend the
following camera settings: -

¢ Global Shutter
+ External Exposure Triggering

*  Overlap ON (meaning exposure to light while simultaneously
reading out charge from previous exposure)

*+ 560 MHz readout speed (thiz iz the maximum readout speed
available)

¢ Kinetic sequence of 2 images or more {multiple of 2)
Mote: other seffings can be selected as required.

Figure 4 illustrates how the camera operates when combining Global
shuiter, External Exposure Trigger and Overlap readout mode, as
recommended for PTV integration.

Global Shutter mode, which can also be thought of as a “snapshot®
exposure mode, means that all pixels of the array are exposed
simultaneously. All pixels in the array are cleared of charge using the
Global Clear before the exposure begins. At the start of the exposure
each pixel simultaneously begins to collect charge and is allowed to
do so for the duration of the exposure time. At the end of exposure,
each pixel transfers the accumulated charge simultaneously to its read
out node. Global Shutter requires a reference frame to be read out of
the senzor in addition to the signal frame to generate a single image,
therefore effectively halving the frame rate that would have been
achieved in Rolling Shutter mode.

Combining Global Shutter with Overlap Mode means that a pair of
camera exposures can be acquired *back to back’®, separated only by
the time to transfer charge into the readout node, referred to as the
Charge Transfer time. This minimized gap between two subsequent
exposures renders thiz configuration ideal for PTV operation.

ANDOR"

TECHNOLOQY

The parameters shown in the Figure 4 are described as follows:

FIRE: In Global Shufter mode, the FIRE output indicates the
exposure period, which is identical for all pixels. This pulse is
available to the user via the FIRE outpuf pin.

NOTE: kv Global Shuffer Mode the behaviowr of FIRE Row
n, FIRE ALL and FIRE ANY are idenfical fo that of FIRE and
therefore not shown in the diagrams for clarity.

ARM: The ARM output from the camera iz used for external
triggering mode to indicate when the camera is ready to accept
another incoming tri gger pulse.

Global Clear: Global Shutter uses Global Clear to initiate the
first exposure. When this pulse is HIGH, charge iz drained from
every pixel thus preventing the accumulation of charge on the
gensor. When the pulse is LOW, any photo-electrons generated
are accumulating within the pixels, ready for transfer to the sense
nodes and subsequent readout. The falling edge indi cates the start
of an exposure.

Charge Transfer: This signal indicates when charge in the pixel
ig fransferred to the measurement node, effectively ending the
exposure. The charge iz transferred while the pulse is HIGH and
iz shown in the diagrams.

Frame Read Out Phase: This signal indicates when reference
and signal frames are read out of the sensor.

i

EXT Trigger I |
ARM | | | l | I i
Exposure time Exposure time | Expgsﬁre time |
1 & Signal Frame 1 a' 4 Signal Frame 2 ai Signal Frame 3 |
— L § > 4 r |
FRE || i 1 ] |
I ' ! |
Global Clear | I |
} i
Charge Transfer ! " " | "

Frame Readout Phase

Fgure 4 Timing

| diagram ilistrating
| Global Shwdter with
| Externdl Exposire

i triggering

FPage 2



In external triggering overlap mode, every positive edge of an
external input TTL will trigger a Signal Frame read out and start
a new exposure. The period of the external frigger pulse defines
the cycle time. Note that when an acquisition sequence starts, the
first positive edge of the trigger will initiate the first exposure, and
internally the camera will perform a signal read and discard the frame.
The subsequent positive trigger edge will end the first exposure,
and initiate a new frame read out. The minimum exposure time is
approximately the time to read out two frames. See synchronization
section for further detail. If the period of the external triggeris less
than the minimum exposure time some positive edges will beignored.

In the timing diagram Figure 4, there is a small delay between the
rising edge of the External Exposure Trigger and the actual start of
the camera’s next exposure. This delay is due to the Charge Transfer
time. The Charge Transfer Time for the specific readout speeds that
are available in the Appendix, Table 2. Note that while the electronic
signals indicate a charge transfer time of 2 ps at 560 MHz readout
speed, when the time between 2 subsequent frames is measured by
optical means, it is apparent the practical time between frames can
be considered on the order of 100 - 250 ns. This is described in more
detail later.

The timings can be estimated using the Tables 1 and 2 supplied in
the Appendix. Amore detailed timing scheme isillustrated in Figure
5, assuming a full 5.5MP frame readout at 560 MHz readout speed,
faster frame rate speeds can be achievedif a smaller ROT is selected.

External Exposure Trigger Mode

|
| |20.4 ms Cycle Time [Minimum Time]

l

As mentioned, the period of this trigger defines the cycle time. The
first rizing edge triggers the start of the exposure, and the subsequent
trigger, assuming it has occurred after the minimum exposure
time, ends the exposure and starts the next exposure cycle. The
relationship between the exposure and the external trigger is shown
in the schematic. Please note, it is important that both start and end
friggers are available to complete the required exposures.

Ag can be seen in Figure 5, the external exposure trigger initiates the
exposure cycle. Thiz commences with the Charge Transfer Pulse then
the exposure begins, please note the exact duration of the exposure
time iz therefore the period of the external exposure trigger minus
the charge transfer time. Once the second external exposure trigger
arrives, the present exposure is terminated and the next exposure
cycle begins.

The ARM output from the cameras can prove very useful when
optimizing PTV synchronization. ARM indicates when the camera is
ready to accept a new trigger and it only goes high when the camera
has finished the processing of two frames. These two frames consists
of the signal frame from the previous exposure (if this is the first
exposure this signal frame is discarded) and the reference frame from
the present exposure, as shown in the timing diagram in Figure 4.
This defines the minimum exposure that can be readout.

I

i

IL’ 7 ns Minimum External Trigger Pulse
[

.

e
sCI\hOS Parameters

~20.4 ms Exposure time [EXPOSUREA ]

| ExEosure time IEJ(POSURE BI |

2 ps Charge Transfer Time k

I i Cycle Time
|

Figure §: External Exposure Trigger Mode Timings for Neo, 560 MHz, full array, minimum exposure



Examples of External Trigger Pulses

External exposure triggering allows for a wide variety of sequences to be easily setup, allowing the user to select their own optimal mode of
operation. The diagrams below show a selection of external trigger sequences in which the camera can be conFigured to capiure images. In
the individual diagrams the top trace represents the external trigger pul ses, shown relative to the individual acquiredimages in the bottom frace.
The images are identified with *A’ or *B* and a number, fo indicate their position within the pair and the sequence. This iz only a selection of
example zetups and is far from complete; other combinations can alzo be used but are not shown here.

Figure 6a: Classic PIV M ode, Single Pair Figure 6a: Classic FIV Made, Single Pair
This is the most basic setup, two images This is the most basic setup, two images
taken back to back with minimum delay taken back to back with minimum delay
between exposures between exposures

00000000

Figure 6¢: Long sequence of paired PIV inages.

The images do not need to be single pairs but can be zetup in long sequences.
The exposure time can be varied image to image if required.

i / A /{r/
7 ? 7
0 7 7
7 7 500
7 7

Figure 64: Paired sequence with long delays between paired images.

In this case a zet of images is required with a long delay between their capture.
This would require an extra exposure to be taken and the image dizscarded by the user.




The enhanced camera timings features which augment a PIV mode of operation have been added to the Andor Software as detailed below.
Please note if an earlier version is used than stated below, there will be a jitter between every inter-exposure period amounting to approximately
1 row readout {10 ps).

‘Camera Trigger Jitter Software Version
Zyla and Neo Start Only Solis 4.22 + SDK3 3.5. or later

Table 1. Software Version with PIV Mode

560MHz

Parameter

Inter-frame

Charge Transfer Time [CTT]

i
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Row

Frame

Clock Cycle

Tiening Fenctions Sensor Readout Speed

Table 2: Software Version with PIV Mode
Parameter 560MHz
e [ e | e | e
2 frames + 2 interframes 204 ms 20.13 ms
2 frames + 2 interframes + CTT 204 ms 20.13 ms
1 row 9.37 ps 9.24 us
2 sensor speed clock cycles 7ns 7ns
20 sensor speed clock cycles 71 ns 70 ns
1 row 9.37 us 9.34 ps

Table 3: The timing functions, using the unit timings, with the actual timings for the parameter for the available readout speeds



PARTICLE IMAGE
VELOCIMETRY (PIV)
AND VOLUMETRIC
VELOCIMETRY
(V3V) SYSTEMS

VERSATILE, UPGRADEABLE FLUID MECHANICS
MEASUREMENT SOLUTIONS




FULL SPECTRUM
OF GLOBAL
VELOCITY SYSTEMS

TSI offers the full spectrum of global velocity measurement Key for Upgradeability

instrumentation, ranging from simple flow visualization The systems designed by TSI are flexible and also
systems, to state-of-the-art quantitative three-dimensional upgradeable. In fact, asimple flow visualization
three component (3D3C) volumetric systems, to allow you to system using a single camera can be easily upgraded
conduct the most detailed diagnostics of your gaseous and toaPIV system, stereo PIV system, ortoa3D3C V3V
liquid flow research. When high temporal resolution is required, system for volumetric measurements.

systems with time-resolved capability can be employed to
provide four-dimensional information to get the complete
picture and analysis of the flow fields.

+Insight 4G Software

SYSTEM

I
| Results
Compencats + Quantitative two dimensional velocity field
+Camera
) ) of U and V components
+LED illuminator or CW laser ) ) o
) +Mean, turbulentintensity, vorticity
+ Insight 4G™ Software _ ) ) ;
+ Time series and spectral information
|
Results

+ Quantitative flow profile and structure




STEREO
PIV 2D3C
SYSTEM

Components

+Cameras

+ Stereo Assembly

+ Synchronizer

+ Insight 4G Software Module

————

Results

-+ Planar quantitative 3D velocity field of
U, V and W components

+Mean. turbulent intensity, vorticity

+ Time series and spectral information




QUALITATIVE FLOW
VISUALIZATION
SYSTEMS

Performing flow visuali zation canserve as the first step towardmore detailed
flowanalysis. Flowvisuali zation starts with asimplesystem arrangementusing
acamera, anilluminationsystem, andthe Insight 4G™ software, to giveageneral
understanding of'the flow structure and behavior. Some of themajor system

componentsaregiveninthetablebelow.

Features and Benefits

+Obtain good understanding ofthe flow structure

+ Help to solve some practical problems

+ Simple to use and cost effective

+No calibration and synchronization required

+ Upgradeable to more sophisticated quantitative systems

Component Description

Powerview series of high resolution camera;

C

amera or high speed CMOS cameras
INlumination Pulsed or continuous LED illumination; CW solid state laser;
System pulsed Nd:YAG laser with low energy

Software Ingight 4G for image capture and image presentation




QUANTITATIVE PARTICLE
IMAGE VELOCIMETRY

PIV) SYSTEMS

As the next step from the qualitative flow visualization system, additional
components can be employed by the PI'V system. PIV, as planar imaging technique,
is very useful to provide the quantitative information of the flow field in a two-
dimensional plane, giving the two components of the velocity. Higher order flow
statistics, such as vorticity and turbulent stress, can easily obtained to explore the
details of the flow.

Features and Benefits

+ Quantitative results on two components of velocity in the flow field

+ Instantaneousinformation and ensemble averaged of the flow structure

+ Explore the smallest turbulent structure with complete macro-scale capability

+ High-resolution cameras for high spatial resolution results

+ High-speed camera with different time-resolved capabilities for

desired temporal resolution

+Upgradeable to stereo PI'V and volumetric V3V systems

StandardPTV

sy stem with high
resolution camera

Time-resolved PIV
system (1000

Powerview Plus Powerview series of : : :
;. . : ;. i High resolution high
Camera series of high resolution mld-s;.)eed high speed CMOScameras
CCD cameras resolution CMOS cameras
Pulsed dual cavity
Pulsed dual cavity Pulsed dual cavity Nd:YAG or Nd:YLF high
Nd:YAGlaserfrom 63 Nd:YAGlaserwith 50mJ | speed laser with 10 mJ,
Laser mJto 400 mJor higher | or 100 mJ energy output| 20mJ, or 30 mJ energy
energy output at 15 Hz | at 50 Hz or 100 Hz output at 1000 Hz
or higher
Synchronization | Synchronizertiming unit with 0.2 nsresolution
Image capture
and analysis Insight 4G image capture and Analysis software package
software

Flow bahind a halicoptar rotor
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QUANTITATIVE STEREO
PARTICLE IMAGE
VELOCIMETRY (SPIV) SYSTEMS

The measurement of the two components of velocity using planaris
helpful forthe understanding of the flow field. However mostofthe
flows are three dimensional in nature, soitis essential to beableto
measure all the three components to obtain the complete picture of the
flow. Thestereo P1V system arrangement allows the third component 3
of velocity inthemeasurement plane to be takeen, giving the full picture m

ofthe flow fieldintheplane. Volumetric flowmeasurement techniques,

forward-scatter

such as the one used in the V3V system, is the best approach to get the
velocity components inthe volume ofinterest, providing the complete

understanding of'the flow structure and development.

Features and Benefits

+ Complete three velocity components in a plane

+ Higher order derivatives can be obtained based on
the velocity components

+ Adding one camera to the PIV to form the stereo side-scatter

PIV configuration

+ Stereo configuration requires calibration to resolve
perspective and optical distortion

+Easyto operate with Scheimpflug cameraarrangement
and single plane calibration

+ Self corrected calibration mapping function to generate
highly accurate results

+ Systemn can be translated to map pseudo-volumetric
three components of velocity

+ Upgradeable to the true volumetric V3V system

back-scatter




Standard stereo Time-resolved stereo PIV system Time-resolved PI'V

PIV gystem O Hz) (=1000 Hz)
Camera (one Powerview Plus series of high Powerview series of mid-speed high High resolution high speed CMOS
additional camera) resclution CCD cameras resolution CMOS cameras cameras

Pulseddual cavityNd: YAG lagerfrom Pulsed dual cavityNd: YAG lager Pulged dualcavityNd: YAGorNd: YLF
Laser 65 mJto 400 mJor higher energy with 50mJor 100 mJ energy output high speed laserwith 10mJ, 20mJ, or 30

output at 15 Hz at 50Hzor 100H= mJ energy output at 1000 Hz or higher
Schei Tl te t Model 640058 stereo PI'V assembl

chelmpiug stereo moun Model 640054 stereo PI'V assembly Model 640061 stereo PIV assembly ; ¥
and calibration target for high speed camera
Synchronization Synchronizer timing unit with 0.2 ns resolution
Image capture and Insisht 4G ; d Analysi frw Lea
nsi image capture an alysis software package

analysis software g & P ¥ P 8

- e m v

TKEL 0 0001 0002 0,003 0,004 .005 0.006 0,007 0.008
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VOLUMETRIC
V3V (3D3C)
SYSTEMS

A volumetric system able to capture all the three velocity components in

the volume is the ultimate solution for flow research. The results provide
the complete information of the flow structure including mean velocity,

Tipvorticesh tating turbine blade. . ; : : oy o
i SRLE S R R b RS vorticity, turbulent information and higher order derivatives and statistics.

Ref. Chamorro L, TroolinD, Lee S, Arndt R, Sotiropoulos F (2013) Three
dimensional flow visualization in the wake of a mimature axial-flow

LI A MR B SRR R The design of the volumetric V3V system takes advantage of the many
components employed in the PIV or stereo PIV system. In other words,
you can easily upgrade the PIV or stereo PIV system to V3V system for
the 3D3C measurements. Once you have the V3V system, you have the
flexibility to configure aregular PI'V or stereo PI'V system, making fora

complete solution for your flow research.

Two versions of the V3V systems are provided, the
V3V-9000-TSand the V3V-9000-SC, featuring;:

+Selectablemeasurementvolume between
S50mmx50mmx 20mm and 140 mm x 140 mm x 100 mm

+ Typical spatial resolution from 2.5 mm? to below 1.0 mm?

+ Capturerates from 7. 5Hzto 90 Hz

WakeProducedby aTellyfish ;
Eetaaiedhyaleh s + Ease-to-use and robustness; system aligned ready for

Eef Gemmell BT, CostelloT; Colin 3, Dabint T, Adhikar1 D, Troolin D; Sheng ts in <30 minutes fr :
T, Longmire E (2012) “Position Control in Jellyfish: Abandoning radial MEASUICITICILS 11 MIMIes rom mOllIlIlng

symmetry to create inclined, asymmetric vortex rings” 2012 Ocean : ; . M
Seierices Meeting, Salt Lake City, UT, Febrary 20-24, 2012 + Fast result analysis using the Insight V3V™ 4G

software package

50 mm

50 mm
.‘.-.:

Tip vortices from a rotating blade measured by the V3V-9000-T5




Camera

+ PowerView 4MP with 30 fps,
+ PowerView SMP with 1 0fps,
+ PowerView 4MP-180with 180 fps

+ PowerView 4MP with 30 fps,
+ PowerView SMP with 10 fps,
+ PowerView 4MP-1 80 with 180 fps

High speed camera with 1Mpixel to4
Mpixel and frame rate up to 20 kHz

+ PowerView 4MP with 16 fps,

+ PowerView SMP with 8.5 fps,

+ PowerView 16MPwith 3.1 fps

+ PowerView 2O0MP-LSwith 2.0fps

Laser

=+ Pulsed dual cavity Nd:YAG laser with
200mJ or higher at 15 Hz

+ Pulsed dual cavity Nd: YAG laser
with 100 mJ energy output 100 Hz

=+ Pulsed dual cavity Nd:YAG laser with
200 mJ or higher at 15 Hz

+ Pulsed dual cavity Nd:YAG laser
with 100 mJ energy output 100 Hz

High speed pulsed lasers
+ Dual-cavity Id; YAG laserwithupto
400 W power and 50 kHz pulse rate
+ Dual-cavity Nd; YLF laser with up to
100 W power and 5 kHz pulse rate
+ Dual-cavity Nd; YAG laser with
100 mJ energy and pulse frequency
upto 100 Hz

Low-speed Nd: YAG lager

+ Dual-cavity laser up to 400 mJ
energy per pulse and pulse frequency
ofupto15Hz

Calibration system

V3V-CALL-TS calibration module;
target of 100 mm by 100 mm
with dot spacing of 2 mm

V3V-CAL calibration module;
target of 200 mm by 200 mm
with dot spacing of 5 mm

V3V-CAL calibration module; target of
200 mm by 200 mm with dot spacing
of 5 mm and 100 mm by 100 mm target
with dot spacing of Z mm

Precision Frame

V3IV-9000-TSmount
with camera lenses

V3IV-9000-CS mount
with camera lenses

Flexible frame arrangement using
Boschrails

Synchronization

Synchronizer timing unit with 0.2 ns resolution

Capture and
analysis software

Insight V3V 4G image capture and analysis software package

Sample Applications

+ Turbulent Structure measurements
+ Boundary layer flows
+ Flows interaction with airfoil

+ Coherent Structure measurements
+ Wake flows; propellor flows
+ Flows of biolocomotive

+ Turbulentboundary layers
+ Flow/body interactions

+ Internal flows

+ Biological flows

THE MOST ADVANCED

VOLUMETRIC PIV SYSTEM
FOR LARGE MEASUREMENT

VOLUME AND HIGH SPATIAL

RESOLUTION.
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SPECIALIZED
PIV SYSTEMS

Different circumstances may require the PIV or stereo PIV tobe
configured forspecific applications. TSI offersmany specialized

designs to adapt to your measurement requirements, such

+ Tow tank under
+Wind tunnel integrated stereo PI

+MicroPTV tems formicrochannel flows

Many ofthe components makingup ofth pecialized
systems are thesame components employedintheregularPIV
and stereo PIV slistedinthepreviou
upgrading fromaregular emtothespecialized
aightforward and easy. Consequentlyhighresolutioncamera
orhigh speed camera can be used to provide you withresults
of high spatial resolution and/or high temporal resolution. With
the wide variety of cameraandlaserselectior indicatedin
the earlier pages, we canprovide you with the best and flexible

tem configuration to meetyour archneeds.

Courtesy

* Pininfarina

AT




RANGE OF SYSTEM
CAPABILITIES

Velocity range 3 re Re Field of Fluid medium
PIV Upto 1500 m/s Upto30Hz Up to 1 m by 1 m plane
TR-PIV Up to 500 m/s Up to 20,000 Hz Upto 20 cm by 20 cm plane

CAMERA-ANDLASER

T EOTHOYN. _QEPHPE  [reimeimpm o
Q—L!E UU}!togMJ N Mo !(l,'ﬂd) ln- Up to 20 cm by 20 cm plane

Vv Upto 1000m/s Uptol5Hz Volume size of 300 mm x 300 mm x 120 mm

TR-V3V Upto 500 m/s Upto 10,000Hz Volume size of 80 mm x 80 mm x 30 mm

Camera Pixel Resolution Velocity range Frame rate Applications
Powerview series of high 4M, 8MP, 11M, 16 M Bt i 566 me 1 to 30 fps depending Air and water flows for PI'V,
. o m/s A
resolution CCD camera and 29 M pixels 4 on the resolution Stereo and V3V
Air and water flows for PI'V,

Powerview high resolution

4millionpixels UptoZ00m/'s 1to 180 fps
mid speed CMOS cameras B B B stereo PIV, V3V and TR-V3V

High resolution high speed . 1 te 20,000 fps depending Air and water flows for TR-PI'V,
CMOScameras 10,20 BN pixely Upreabiats on the resolution TR-stereo PIV

Pulse rate Energy Output Nlumination area Applications

Nd:YAG Dual cavity high Upto1mbyl mplane or Ajir and water flows for PI'V,
Otol5H 65 mlIto430mJ ;
energy laser @ z m-te m volume with 140 mm* stereo PIV and V3V

NAYAG Dual i1 010 100 H e — Upto 50 cm by 50 cm plane | Air and water flows for PIV,
: ual cavity laser = m or volume of 100 mm? stereo PTV and TR-V3aV

Nd:YLF or Nd: YAG dual cavity iSO TS R i 1 Ajir and water flows for TR-PI'V
o z mJto30m. cm cm plane
high speed laser 4 P 4 p and TR-stereo PI'V




Therearemany supporting system components which canbeused with the PIV, stereo PIV, and V3V systems to caterto your experimental

setup. Such components are easily adapted to optimi ze your measurement systems. A listofthe components are giveninthetable below,

and further describetheirunique functionality and benefitto your measurements.

Component

Light sheet optics

Functions

Generate divergent or collimated laser light sheet with focusing to provide thin sheet thickness for 532 nm
and also UV wavelength range

Laserlight
delivery system

Enclosed laser beam light arm with 1.8 m in length for 532 nm for energy up to 500 mJ; Laser light guide with 2m
in length for energy up to 70 mJ

Cameralens

Mikon based camera lenses to provide various focal distance (28 mm to 205 mm) and aperture for all cameras for PI'V,
stereo PI'V and V 3'V; microscope lens to allow forhigh magnification imaging

LED INlumintion

LED baged illumination system with pulsed and continuous mode, wavelength iz 532 nm, to generate light sheet or
volumetric illumination when appropriate optics isused

Seedparticles

Various seed particles with various sizes and specific gravities to be used for gaseous and liquid flows

Seed particle generator

Devices to digperse seed particles in gas or liquid, can be used in atmospheric and high pressure environments

Camera filters

Filters to be uged withthe cameralens to remove extraneous light and background noise

Traverse system

1D, 2D and 3D traverse system to allow the PIV, stereo PIV or V3V to be traversed to map out the flow field

Specifications subject to change without notice.

TSI and the TSI logo are registered trademarks, and
Insight 4G and Insight V3V are trademarks of TSI Incorporated.
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INSIGHT 4G ™

SOFTWARE

The Complete Package for:

+ Particle Image Velocity (PIV)

+ Stereo Particle image Velocimetry (Stereo PIV)

+ Time-Resolved Particle Image Velocimetry (TR-FIV)
+ MlicrePTV

+Planar LaserInducedFluorescence (PLIF)

+ Global Sizing Velocimetry (GEV) and Spray Analysis
+ Size and Shape Analysis (SSA)

Applications
+Hydrodynamic

+ Aerodynamme

+ Spray Diagnostic

+ Turbulence Research
+CombustionResearch

+ Fundamental Rezearch and Development

'a’ UNDERSTANDING, ACCELERATED
@

INSIGHT 4G

Global Imaging, Analysis,
and Display Software

€015 THI Incorpomtad, A ights essrvod

Features and Benefits
+Windows:®7 and 64-bit OS Compatible, Upto 192 GBRAM
+Robust and easy to use
+ Fast processing speed

- Turbo Mode to increaseprocessing speed

- Distributed processing though Ethernet connection

+TUncertainty anabysis for PIV processing
+Dynamicmorpheolgical masking (DM to remove obiectsin the image field
+Batch Macro Processing across different expenments
+Traceability ofall Processing Steps
+File management streamlined
=+ Full hardware control from the user interface
+ Integrated TecPlot package for data mampulation and presentati on
+MATLAB Dynarnmc Funtime forincorporation of MATLAB programs




SPECIFICATIONS

Base Software

Insight 4G This base software is needed for anew system

This base software is needed when additional modules are required.

It is used for upgrading system capability for previously purchased system (with the Insight 4G purchased)

This base software is used for upgrade from old versions of Insight 3G and 4G. Modules used with the old version of
Insight 3G and 4G remain compatible with Insight 4G and need not be ordered again.

Insight4G-MOD

Insight 4G-UP

Insight4G-11-UP | Upgrade from older version of Insight 4G to the new version of Insight 4G Version 11

Module System
PIV Micro PI'V TR-PIV StereoPTV TR-PIV Stereo PLIF SSA GSV
Module4G-2DPIV F + o * o+
ModuledG-STRPIV o+ o
Module4G-PLIF +
ModuledG-SSA +

oduledG =S’ &

m

Contourplot ofuncertamnty offlowbehindacylinder.

4 ~ 3 2

Dynamicmorphologicalmasking removeslarge, non-physical vectorsinmaskedregions.

Specifications are subject to change without notice

Insight 4G 1s atrademark and TSI and the TSIlogo are registered
trademarks of TSI Incorporated.

Microsoft and Windows areregistered trademark s of Microsoft Corporation
in the United States and/or other countries.
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DYNAMIC MASKING
FOR PIV IMAGES

|
APPLICATION NOTE PIV-018 (US)

In complex fluid flows, time-stationary or moving object(s) can be found in a PIV image. Some
examples include the flow around an airfoil, flow around a moving fish, or the flow field inside a
piston-driven engine. Unfortunately, the object(s) occupying the image can adversely affect the PIV
processing of an entire image, and so it is always recommended to have to object(s) removed.

Stationary or moving object(s) inside the flow field commonly have laser reflections along their
edges and strong intensity gradients within the object, which generate erroneous vectors. It is
pertinent to have the object(s) taken away so the processing of the entire image will only generate a
vector field that is truly representative of the image. When higher order statistics are required, an
accurate vector field is important, as any erroneous vectors will provide incorrect results.

The Dynamic Masking algorithm is designed to isolate any stationary or moving object by
generating a mask for each object from the original image ensemble. Subsequently, PIV processing
does not take place within the masked regions for internal flow cases. The dynamic masking
algorithm can be applied to steady-state PIV with stationary object(s) and time-resolved PIV where
object(s) are moving in time.

Right: Raw PIV image. Left: Dynamic mask with high intensity pixel values on edges masked out.

How to Apply Dynamic Masking in Insight 4G™ Software

To apply a Dynamic masks, access the “Process Masks” menu and select the “Dynamic” tab. The
image processing techniques employed create a gray scale image that is viewed by default. When
the object to be masked is obvious in the gray scale, simply set the threshold at the proper pixel
intensity and select "View Mask” to preview the dynamic mask.

Dynamic masks are created during processing, Insight 4G software’s Dynamic Masking algorithms
require very little processing time. Insight 4G software also outputs the Dynamic Mask as a
convenient viewable bitmap image.

TSI and TSI logo are registered trademarks of TSI Incorporated.
INSIGHT 4G is a trademark of TSI Incorporated. ‘

)



Dynamic Masking Setup

Dynamic Masking in Insight 4G software is robust enough to handle objects with complex shapes
and textures, but also simple enough to operate for quick, accurate masking results. The dynamic
masking setup menu (shown below) allows the user to modify parameters that govern the Dynamic
Masking algorithm and receive instant feedback.

:’{Deﬁner;sing_Ama — @
- ;
Static Dynamic L

-

Dyanmic Mask Velocity (PIV Orly)
[ Set mask velocity

s v
(o2 -] sy |

Image Fikering Mask Paddng
Fiter& Subiract | (5 Foels -

Reduce Intensity with Smoothing

Widh 30 | [¥] Enzble
3| 7 S [

Add Intensity with Smoothing

widh 50 & ¥ Enable
e

Thresholding

i

Left : Dynamic Masking Setup Form; Center: Raw PIV image; Right: Corresponding dynamic mask.

Dynamic Masking Effect on PIV Processing

Once a dynamic mask is applied to the PIV image, non-physical vectors (due to large intensity
gradients on or near the object) are removed. Since the objects to be masked can come in a variety
of shapes and sizes, itis sometimes possible an interrogation window will contain both particle
images and a dynamic mask. To help retain as much information about the flow as possible, the
Dynamic Mask also receives an average pixel intensity so that correlations near object boundaries
are preserved.

Dynamic masking removes large, non-physical vectors in masked regions.
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UNCERTAINTY ANALYSIS FOR
PIV MEASUREMENTS

I
APPLICATION NOTE PIV-017 (A4)

The uncertainty of a measurement is the interval in which the actual error is present. For
Particle Image Velocimetry (PIV), the error depends on the PIV algorithm being employed, user
inputs, flow characteristics, and experiment setup. Since these factors vary in time and space,
they lead to PIV capturing inconsistent errors throughout the flow field.

Charonko & Vlachos found PIV uncertainty is correlated with image quality.! Local image quality
contains many possible sources of error in an experiment including the PIV algorithm
(interrogation window size, pixel displacement, image pre-processing, etc.). The primary
measure of local image quality is the Primary Peak Ratio (PPR). The PPR is the ratio between the
primary peak in the correlation map and the second highest peak; uncertainty is inversely
correlated to the PPR.

TSI's uncertainty 104
algorithm was - 95% Confidence Level
validated by creating

synthetic PIV images
from a Direct

Numerical Simulation @
(DNS) of a fully- =
developed turbulent §
channel flow. The ‘;’)
syntheticimages -]
included light sheet 2
thickness variations S
and the flow was 5
three-dimensional E

withstrong out-of- Coverage = % of actual errors within a predicted

plane velocities. ; : . 2 )
: uncertainty level for an entire flow field
Insight 4G™ software J J flow f

was used to calculate
velocity vectors that

were then compared 0 50 100 150
with the DNS Time (Normalized)
baseline. Figure 1

Figure 1: Expanded and standard uncertainty coverage ofa

shows that the turbulent channel flow with known errors.

uncertainties from
our algorithm
correctly predict the
actual errors at two
confidence intervals.

1Charonke, & Vlachos, P, (2013). Estimaticn of Uncertainty Beunds for Individual Particle Image
Velocimetry Measurements frem Cress-Correlation Peak Ratio. Measurement ef Science, 24.
TSI and TSlloge are registered trademarks of TSI Incerporated.
INSIGHT 4G is a trademark of TS] Incorporated. ‘
Tecplet is a registered trademark of Tecplot, Inc.



Calculating Uncertainty with Insight 4G™ Software

The magnitude of uncertainty can be calculated with the following equation:

1/PPR —1
lunc|?* = (M exp = (—

2
- ) + (4= PPRF)" + (C)~2

M,s, A, B, c are fitting coefficients for Insight 4G™ software. The results will be measures of
uncertainty based upon the multiple sources of error in PIV image processing.

Exporting Uncertainty in Insight 4G Software

To export the calculated uncertainty levels in Insight 4G™ software, access the PIV processing
window, select the “Advanced>>" tab and export either (or both) uncertainty levels, as shown in
Figure 2.

PIV Advanced Settings ﬁ

Rohaly-Hart Analysis
[ Enable Rohaly-Hart Analysis

PIV Processor Setup % : ]7 —?J
PIV Algarithm Starting Spot Dimensions Double Carrelation
= Width Height
@ Classic PIV " Ensemble PIV " = [~ Enable Double Comelation
Spoth |64 zr [ e E’ W Square l—
: 2+ 2
PV P SpotB |64 ﬁ :J W Square j J
[~ Use Image Deformation Export Options
Z Final Spot Dimensions
Nomalize | Intensit 4
[ Nomalize Image Intensity Widh Height Number of Secondary Peaks: 0 j j
. = NE) 0 -
Grid Engine RecursiveNyquistGnd 2 | J SpotA igz ﬁ 3 = W Square
- 7 ™ ™ X
Spot Mask Engine | GaussianMask _J J SpotB 132 j I Squae ™ Tum off Multi-thread Processing
-] |2
Courelation Engine | FFTCorrelator J M it Disprcaensei Delta Time
Peak Engine GaussianPeak - _?F dx ID—ZS 3: (s fraction of spot A size) Default Detta T fus} 0 :_i
Plugin Settings... I dy 0.25 j W dy=dx [ Overmide TIFF Tag Delta T

Pass Validation Settings. P1V Uncetainty

¥ Expont Standard Uncertainty

¥ Export Expanided Uncertainty

[ o Cancel

Figure 2: Exporting the standard and expanded levels of uncertainty in Insight 4G software.

Once activated, uncertainties are

viewable in Tecplot® as contours.
In Figure 3, instantaneous values

of relative uncertainty are plotted
along with time-resolved vectors

of velocity.

Figure 3: Contour plot of relative uncertainty of
flow behind a cylinder

'a‘ UNDERSTANDING, ACCELERATED
®

TSI Incorporated — Visit our website www.tsi.com for more information.

UsA Tel: +1 800 874 2811 India Tel: +91 80 67877200
UK Tel: +44 149 4 459200 China Tel: +86 10 8219 7688
France Tel: +33 491 1187 64 Singapore  Tel: +65 6595 6388

Germany  Tel: +49 241 523030

PIV-017-A4 (11/20/2014) ©72014 TSI Incorporated Printed in U.S.A.



SUPER RESOLUTION
PARTICLE VELOCIMEIRY

|
APPLICATION NOTE (A4)

The Super Resolution Particle Velocimetry approach provides the velocity field information
with the highest possible spatial resolution and superior accuracy. The analysis approach is
included in the Insight 4G™ Global Imaging Software package.

The processing approach employs a multi-step processing scheme to extract the velocity field
with the hybrid method of correlation and tracking techniques. In Particle Image Velocimetry
(PIV), velocity values obtained at each interrogation region represent the velocity of the group
of particles within each region. The ability to go from the velocity for the group of particles to
the velocity of each individual particle within the interrogation region, separately, represents
the highest possible spatial resolution. From a pair of image fields, the analysis process is given
as follows

o Multi-pass correlation to get estimate of the vector field which accounts for flow motion in
translation, rotation, and deformation

e The estimate vector field providing the direction for particle tracking technique to get
vector for each possible particle pair

¢ Identifying each particle using unique image processing tools
e Tracking each particle motion using the powerful ICP Scheme
e Solvingthe particle correspondence using a robust iterative convergent process

e Providing an accurate data set with super spatial resolution using embedded match
validation

e Interpolating the randomly analyzed vectors to vector field in a regular grid locations for
higher order flow statistics, like vorticity and Reynolds stress

A typical vector map using the super resolution analysis is shown in Figure 1. The figure
demonstrates the ability to get each vector for almost every particle in the flow field. Results are
given in Figures 2 and 3 for the super resolution technique applied to a vortex flow and
circulating flow, respectively.

Figure 1: Figure 2: Figure 3:

Result of the Flow Field from Individual Particle Vector Field Individual Particle Vector Field
Super Resolution Analysis for a Vortex Flow for a Circulating Flow
TSI and TSI logo are registered trademarks of TSI Incorporate.
Insightis a trademark of TSI Incorporated. ' ’



Statistics, Data Analysis, and Interpretation from the Velocity Field

Detailed statistical properties of the flow are computed, generally using velocity values available
in a regular or equally spaced grid arrangement. Special interpolation schemes have been
developed to arrive at the super resolution velocity field in a regular grid format from the
individual particle image velocity field. This ability to get the velocity field in aregular grid
tormatis selectable in the Insight 4G software package.

In Super Resolution Particle Velocimetry, the interpolation on aregular grid is performed
adapting the Delaunay Triangulation method combined with a powerful bi-cubic scheme,
providing arobust scheme to go from the individual particle velocity field to the velocity field
values at evenly spaced grid locations. Figure 4 provides the vector field in the uniform grid
locations and the vorticity plot based on the vector field. Figure 5 shows similar results with the
vector field in uniform grid and its rate of strain plot.

Rate of Sﬁ'ain

5 S eales Interpolated velocity fleld - circulating flow
Interpolated welocity field - vortex flow

Figure 4: Figure 5:
Vector Field in Regular Grid Locations and its Vector Field in Regular Grid Locations and its Rate
Vorticity Plot of the Vortex Flow of Strain Plot of the Circulating Flow

Velocity Field with Particle Image Size

In many practical flow situations, the size of the particle in addition to the velocity field is of
interest. During the process of determining the velocity field with super resolution, individual
particles are identified along with their velocity. Thus, in Super Resolution Particle Velocimetry,
the size of each particle image is also obtained along with the particle velocity. From these, size
histograms, correlation of size and velocity, estimation of flux, and other statistical properties
can be estimated.

One of the major advantages of having size information is its application to multiphase flow
analysis. Based onthe size information, average velocity and other statistical properties of
particles within a selected size range can be estimated. This sub-ranging of data hased on size
and velocity enables one to study transport, particle dynamics, and other related aspects. This
approach can be further extended to separate the phases and obtain their velocity, size
distribution, and associated properties. Figure 6 shows the particle size distribution analzyed
using the super resolution approach.



Figure 6:
Particle Size Information Obtained from the Supper Resolution Technique

Multiphase Flow Analysis
Another unique feature of the Super
Resolution Particle Velocimetry is the
analysis of multiphase flows. Solid particles
inliquid flows, spray droplets in gases, and
gas bubbles in liquids represent some
common examples of multiphase flows that
are of interest. With Super Resolution
Particle Velocimetry, sub-ranging based on
image size can be advantageously used to
separate the phases. Further, separating or
removing the sub-ranged images enables one
to examine the image field for each phase
separately. The result is the ability to study
the flow dynamics, transport, and
interactions in great detail for each phase.
These are only some of the abilities of the
innovative new Super Resolution Particle
Velocimetry approach. Figure 7
demonstrates the ability to “remove” the
large bubbles in the flow field with the
subsequent flow field to be calculated
without the “bubbles”.
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Figure 7:
Velocity Flow Field with the Bubbles Removed
in Multiphase Situation
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OILDROPLETGENERATORS

T SI°s Oil Droplet Generators Model 9307and 930 7-6produce large
quantities of oil droplets for seeding flows when making Particle
Image Velocimetry (PIV) or Laser Doppler Velocoimetry (LDV)
measurements. They are ideal for seeding high-speed flows during
PIV measurements when large numbers of seed particles are

required. Both atomizers work best with olive oil.

TSI's Oil Droplet Generators are ageneral-purpose atomizersthat
utilizes a Laskin nozzle to generate droplets for flow seeding.
Pressurized air atomi zes oil in the generator reservoir to produce
the droplets. An internal impactor plate blocks large droplets from
getting into the droplet stream exiting the device, allowing it to

generate particles with a reasonably narrow size distribution.

Generally, alarger particle output volume can be obtained without
seriously affecting the droplet size range by increasing the inlet
pressure. A lockable regulator with pressure gauge provides

an easy way to control the inlet air pressure. Both models are
equipped with an external gange which indicates the oil level in

the atomizer chamber.

'a‘ UNDERSTANDING, ACCELERATED
®

Applications
+PIV or LDV measurements in high-speed flows
+Windtunnel experiments

+ Seeding large flow areas

Features and Benefits

+ Variable droplet output for seed density optimization

+ Generates large number of droplets for seeding
high-speed flows

+ Reasonably narrow size distribution




SPECIFICATIONS

OIL DROPLET GENERATORS
MODELS 9307 AND 9307-6

|
Supply Air Pressure
Minimum 170 kPa (25 PSI) TO ORDER
Maximum 2720 kPa (400 PST) Small-Scale Powder Disperser
Specify Description  9307-
Supply Air Temperature 1 System with single jet
Normal Operation 20°C (70°F) 9307-6 System with six jets
Maximum 65°C (150°F)
Inlet Air (operating) Pressure
Normal Operation 170kPa (25 PSI)
Maximum 550 kPa (80 PSI)
Maximum Back Pressure
10kPa{1.5 PSI)
Air Supply Line
Length 1.2m(4 ft)
Connector Quick-coupler
Type Parker 1/4in. H2C Male
Aerosol Flow Rate
9307 301/min (normal operation)
9307-6 1000 1/min (normal operation)
Mean Droplet Size
1 micron for olive oil (typical)
Aerosol Outlet Pipe (9307)
Outside Diameter 1.59 cm (0.6251n.)
Inside Diameter 0.95cm (0.375in.)
Aerosol Outlet Pipe (9307-6)
Outside Diameter 2.5 ¢cm (1in.)
Inside Diameter 2.4¢cm (0.931n.)
Dimensions (Height x Diameter)
9307 39.5cm(15.5in.)x 15 cm (5.9in.)*
9307-6 48cm (18.9in.)x 23 cm (9 in.)**
Weight
9307 3.9kg(8.51b)
9307-6 13.2kg (291b)
*Add 2.9 an (1.1 1) for sight glass
**Add8.5ecm (3351n.) forregulator.
Specifications are subject to change without notice.
TSIandthe TSIlogo areregisteredtrademarks of TSIIncorporated.
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