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ADCP Whorkhorse «Ri10 Grande - 600 kHz»

A

During 4 summer seasons,beginning from 2003 TRDInstruments-Europe
supported our expeditional work on shelves of Russian seas with free loan of
ADCP "Workhouse Rio Grande 600 kHz".



e Speed of sound = frequency x wavelength: C = f-A TRAIN feher piten >

« The Doppler effect is a change in the observed sound
pitch that results from relative motion. The Doppler Shift , ,_
if the difference between the frequency you hear when " = _ TR Swer piioh
standing still and what you hear when you move:
F =F .(V/C).
The Doppler effect measures only relative, radial motion.

Stationary
Observer

e ADCP uses the Doppler effect by transmitting at a fixed
frequency and listening to echoes returning from
scatterers in the water
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(based on RDI technical tips: http://www.rdinstruments.com/tips/tips.html)
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What ADCPs measure (after Paul Devine,

TRDInstruments)
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What ADCPs measure

Velocity Profile

Flow Homogeneity (Error )

Range to Bottom

Vessel Speed Over Ground
(Signal Strength)



e Multiple Beams

*  Current Homogeneity in a Horizontal Layer

* (Calculation of Velocity with the Four ADCP Beams

*  Error velocity: Why it is Useful

* The Janus Configuration

~ Beam velocity component

Current
velocity
vector

East gy West North 'glay’ South

First pair of beams Second pair of beams
calculates east-west calculates north-south
and vertical velocity and vertical velocity

" Homogeneous Layer:

Zero error velocity
Current Vector

Non-Homogeneous Layer: - '
Large error velocity

(based on RDI technical tips: http://www.rdinstruments.com/tips/tips.html)



Depth Cells and Range Gating

Echoes from far ranges take longer to return to the
ADCEP than do echoes from close ranges. Profiles are
produced by range-gating the echo signal

The velocity is averaged over the depth of the entire
depth cell

The Weight Function for a Depth Cell

The echo from the farthest part of a cell contributes
signal only from the leading edge of the transmit pulse.
The echo from the closest part of a cell contributes echo
only from the trailing edge

As a result the velocity in each depth cell is a weighted
average. Also, each depth cell overlaps adjacent depth
cell. This overlap causes a correlation between adjacent
depth cells of about 15% if transmit pulse 1s equal to
depth cell size
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(based on RDI technical tips: http://www.rdinstruments.com/tips/tips.html)



e Conversion from ADCP- to Earth r—
Reference (trigonometry & depth cell B m———

mapping)

e Measuring ADCP Rotation and
Translation f

- ROtathIl (headlng) ﬂuX'gate and A | {B:I | Fitch or roll angle

gyrocompass A) o

— Rotation (pitch and roll): inclinometers
& vertical gyro

— Translation: bottom-tracking, GPS,
reference (“no-motion™) layer

(based on RDI technical tips: http://www.rdinstruments.com/tips/tips.html)



Possibilities of ADCP
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HUC «HpO(beccop IHTOKMaH» 71-11 penc




ADCP “Rio Grande 600 kHz” nomemenHoe B
o0TexkaeMoe TeJI0 AJ OYKCUPOBKHU




bykcupoBka ADCP, ckopocTh cyiHa OKOJIO 3 M/C







KopoTkoneprnoaHbie BHyTPEHHUE BOJIHBI C TATUYHBIMU BBICOTAMH 2-3.5M
Ha 3aMucH 3XoJ0KalnoHHbIX KOoHTpacToB (600 xI' ADCP). benoe mope,
JIBunckuii 3anuB. (CepeOpsansbii, [Taka, Kopxk, 2009)
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batumerpuueckas kapra bemoro Mopst U TpaeKTopus pa3pesa
HUC «IIpodeccop lITokman» yepe3 ['opiio beaoro mops
(kpacHas nuHuA) 19 aBrycra 2006




TpaekTopus 55-kM paspesa uepes I 'opio beaoro Mopst u ocpeaHeHHbIE (110

ryouHe) TeueHHus Ha pa3pes3e. BBepXy nmokazaHa W3MEHUYMBOCTD HAIIPABJICHUS
TEYECHUM HA pa3pe3e, BHU3Y - U3MEHEHUE MOYJISI TCUEHUN

Stick Ship Track (Ref: Btm)
——Ship Track ——Auerage

-18564
Distance East [m

WaterSpeed e (R Bl




Pacnipenenenue HanpaBiieHus (BBEPXY) U aMILUIUMTYIblI TCUCHUS
(BHU3Y) IO TJIyOMHE Ha pa3pese norepek I opna. Y3kas riryookast
noxOnHa rimyouson 10 110 m (3.5 km x 10 km)
nepecedyeHa Ha paszpese. Hamx 10x0MHON MaKCUMyM TEUYEHHUS HE B
PUIOBEPXHOCTHOM CJIO€, a 3ariayosieH Ha 30 M.

Depth [m]
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Investigations of internal waves on shelves with using ADCP «Ri1o
Grande 600 kHz» gave us possibility to see the processes in more detail










The ADCP “Rio Grande 600 kHz” was mounted on yacht belonging to
Pacific Oceanological Institute, RAS.




SIxta, ocHamenHass ADCP “Rio Grande 600 kHz”, mo3BossieT BecTu
J0JITOBPEMEHHBIC HAOII0ICHUSI HAa aKkBaTOpUU BOIM3HU ['01y00it OYXThI,
CEBEPO-BOCTOYHOE MobOepexbe UepHOTro Mops.




With director of RD Instruments-Europe Mr. Hector-Lysis Kiriakidis
during Conference “ADCPs in action Europe™ , Nice, 2004.




Study area 1n the northeast part of the Black Sea

We during several years performs complex acoustical and oceanological studies

on a fixed experimental path in the Black Sea, near the Golubaya Bay,
Gelendgik.



IIpubdpexubie aHTUIHUKIOHUYecKUe BUXpu (ITAB)

* @parMeHT paguoI0KAIMOHHOIO
N300paKEHHUSI TOBEPXHOCTH
YepHOTOo MOps B palOHE
['enenKuKa, TTOJIYYEHHOTO C
IIOMOIIBIO paarosiokatopa ERS-2
SAR 5 oxts0ps 2006 (O.1O.
JlaBpoBa UK PAH).

 Ha cHuMke BujaeH
AHTULIMKIOHUYCCKUM BUXPb
pa3MepoM OKOJIO 25 KM Ha
pacctosiauu 30 KM OT TpaBepca
['enenmxuka.

 Buxps asmxkercs Ha C-3 ¢
notokoM OYT (OcHoBHOE
YEPHOMOPCKOE TEYEHHUE) CO
CKOpOCTBhIO 12 cm/c




M3MEeHYMBOCTh TEUEHUM Ha 6-KM pa3zpese Ha ror oT ['os1y0oii OyXTHI,
BBI3BaHHAS MPOXO0KIACHUEM ITPUOPEKHOTO aHTUIIMKIOHUYECKOTO BUXPAI.

HabGnronenus Ha exxeHeBHBIX pa3pe3ax ¢ 5 mo 11 oktsa0pst 2006 r. CmeHa ceBepo-3anaHoro TeueHus 6-8
OKTSIOps Ha FOr0-BOCTOYHOE €CTh CJIEICTBUE MOAX0/1a aHTULUKIOHNYECKOTO BUXpsi. CMEHa TeueHus Ha
obpatHoe 11 OKTAOPS CBUIETEIHCTBYET 00 OKOHUYAHHH MPOX0/1a BUXPS.

tick Ship rack (Ref: Btm) ek 3hip Irack Rt Etm| ick Shp Irack (Rer. Bim

—Ghip Tratk —Rizrage Ship Trask —Aizrage == Ship Tradk —Average == Shia Tratk —Avenge == Shi Tk — Average
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XapakTepHoe U3MEHECHUE BEJINYUHbI TECYEHUS B 3aBUCUMOCTH OT PACCTOSIHMS OT Oepera B
ABYX (pazax OMMOJAJIBLHOI0 pexMMa TeYeHH HA mejab@pe UepHoro Mops : a — pu c-3 TCYEHUHU
BEJIMYMHA TEYEHHUS B CPEJTHEM BO3PACTAET C yAAJIECHUEM OT Oepera;

0 — MpH 10-B TCUCHUU - CIIAJIACT, UMESI MAKUCMYM Ha Niepu(epun aHTUIIUKIOHUYECKOTO BUXPSI.
beper crnpaga.
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H3MeHeHne HANTPaBJIeHHUs TeUeHHUsI MO IJIyOHMHe Ha pa3pe3ax B BepxHeM 30-MeTpoBOM
CJI0€ MOPS BeChMa HEe3HAYUTEIIHLHO MPH ¢-3 TTOTOKe (a). B Buxpe Hmxke BepxHero 20-
METPOBOTO CJI0S1, B KOTOPOM IIPUCYTCTBYET OAHOPOIHOE 0-B TCUCHUE,NIMEET MECTO

MIOJIBOPOT MOTOKA Ha 10T (0).

\felocity Direction [-] (Ref: Btm)
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N3meHeHre HHTEHCMBHOCTH Te€YeHMsI IIPH MPOX0/ie BUXPA: XAPAKTEPHO MOSABIECHUE CTPYU
WHTEHCUBHOTO T€UEHUS, BHIXOSIINX U3 TIIyOUHBI K TOBepXHOCTH. OOpa3zyeMble UMU CIBUTOBBIC
TEUEHHS] Ha MOPCKOM MOBEPXHOCTH, MO-BUJUMOMY OOPa3yIOT CIUKH, YTO JIA€T BOZMOKHOCTh

HaOII01aTh CIIUPAJICBUIHBIA PUCYHOK BUXPEH Ha CITYTHUKOBBIX CHUMKaX.[Ipu moaxomae BUXps CTpyu
IPUOJIMKAFOTCS K Oepery, a TEUCHHE B HUX YCHIIMBAETCS, YTO BUIHO M3 COMOCTABIICHUS 3aIUCEH Ha
paspesax 8 u 9 okTa0ps.

8.10.2006

9.10.2006



IlosiBjieHMEe AHTHIMKJIOHMYECKOT0 BUXPS €O3/1a€T YCJI0BHUSA MOAX0/1a B IPUOPEKHYIO 30HY
XO0JIOIHBIX MPUAOHHBIX BO/I, YTO BeJeT 3/1eCh K IBUKEHNI0 TEPMOKJINHA BBepX. Ha kapTuHax
00paTHOro paccesiHus aKyCTUYECKOT0 CUTHaIa TEPMOKIIMH BUJICH B BUJIE MPOTSKEHHOW FPAHULIBI MEXKTY
BOJIaMU r0JiyOOTO U 3€JIEHOr0 1IBETOB B paiioHe riiyouH 20 M. TepMokiinH 1o BceMy mienbQy TpUIOAHST
M3-3a MPOX0Ja BUXps Ha 3 M (pa3pes crnpana) ) MO CPaBHEHUIO C MOMEHTOM JI0 MOSIBJICHUS BUXPS (pa3pes
CJIeBA).

Average Backscatter [dB] Average Backscatter [dB]

=—Battom ——Top @ —Bottom Q =EBgttom ——Top & ——Bottom Q@

KapTI/IHbI 06bEeMHOro O6paTHOFO paccedaHnAa aKyCTn4ecKkoro cmurHalsia

5.10.2006 — po noaxoaa BMXps 10.10.2006 — npun npoxoae BUXpPS



OBSERVATION OF RECORD-AMPLITUDE
INTERNAL WAVES IN NON-TIDAL SEA




M3MEHUYMBOCTh BEPTUKAIBLHOTO MPO(MUI TEMIICPATYPhI U3-3a
BHYTPEHHHUX BOJIH B OecnprinBHOM YepHoM (cieBa) u
PUIMBHOM SMOHCKOM (CIIpaBa) MOPSIX




OOHapy’>KeHHE ITaKeTa BHYTPEHHUX BOJH Y BUXPEBBIX CTPYKTYP

(13 crateu O.FO.JIaBpoBa, M.U. Mutsaruna, K.JI. Cabunus. [IposiBiieHre BHYTPEHHUX BOJIH Ha
MOPCKOM TOBEPXHOCTH B c€Bepo-BocTouHOM yacTu YepHoro mops//MU3K, 2009, Ne6, C.49-55)




Rybatskaya Bay

55, Gelendzhikskaya Bay
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M3meHeHune TeueHni Ha pa3pese 4 okTs0ps. [IoBTOpHBIM
pa3pe3 (Ioka3aH CJIEBa) CACIaH Ha S Y MO3XKeE.

1230.m

3oHa
BHYTPEHHUX
BOJIH

Boga BHM3 12 cMm/c

ona BBepx 15 cm/c




BHyTpeHHNE BOJIHBI OOJBIINX aMIUIUTY/I, 3apETUCTPUPOBAHHBIC HA
CEeBEpPO-BOCTOYHOM IienbPe YUepHoro Mmops. HabmroaeHus caeaanbl Ha
ceueHuu ¢ nomotpio ADCP “Rio Grande 600 kHz, 4 oxTs16ps, 2009.
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L{yr cocrosin u3 8-10 BOJIH, UX BBICOTHI J€KaIU B npeaenax 9-13 m,
nuHbl — 100-115 m. [MogBiieHue 1myra coBmaio ¢ epruoaoM NPOXOXKICHUS
B MPUOPEKHON 30HE KOMITAKTHOI'O aHTUIIMKJIIOHUYECKOTO BUXPSI
(mmameTpoM okoJio 10 Km).

Beam 1 Backscatter [dB]
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KapTuHa 00beMHOr0 00paTHOTO paccesHus (BBEPXY) M aMILIMTY]1a CKOPOCTH
TeueHus (BHU3Y) Ha pa3pese 4 oktsops 2009

Beam 4 Backscatter [dB]
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BeprukanbHas u ceBepHasi (BHU3Y) KOMIOHEHTHI TEUEHUS HA pa3pese 4 oKTs0ps.

BepTtukanbabie ckopocTu gocturaioT 10-15 cm/c BBepx, 10-12 cMm/c BHUS.

Up \Welocity [m/fs] (Ref: Btm)
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[Iporecc, BbI3BaBIIMN HHTEHCUBHBIE BHYTPEHHUE
BOJIHBI

* 3apeructpupoBanHbie ¢ moMolp ADCP ocobernocTH
TEUCHUI Ha pa3pe3e MoKa3aliu, YTO B YaCTH IIeibda C
rinyonHamu 6osee 50 M cyllecTBOBaIa yeIMHEHHAS
00JIaCTh C HHTEHCUBHBIM BEPTUKAJIBbHBIM JIBUKCHHUEM BO/I
(THAPABIMYECKAN CKAYOK).

e DTOT IUAPABINYECKUI CKaYOK OB BCTPOCH B CUCTEMY
TEUCHUM aHTUIUKIOHMYSCKOI0 BUXPS U JIBUTAJICS HA
Oeper, u3ydas akeT BHYTPEHHUX BOJIH B MPHOPEKHYIO
CTpaTU(PUIIMPOBAHHYIO 00JIaCTh MOPSI.



BcTpeuHble TedyeHNsl, KaK IIpUYMHA 00pa30BaHUs YEAUHEHHBIX

CIIMKOBBIX I10JIOC HA TOBEPXHOCTU MOPS.



Cnuk Ha menabhe UepHoro Mopsi, BI3BaHHBIN
BJI0JIbOEPETOBBIM MMPOTUBOTCUCHUEM




MHTEHCHBHOCTH O0OPAaTHOI'O PacCEIHUS aKyCTUYECKOTI0 CUTHaja (BBEPXY)
U B-3 KOMIIOHEHTA TEYCHUI Ha pa3pe3e, OPUEHTUPOBAHHOM 110 HOPMAJIU K
oepery. IToyi0)keHHE CIMKOBOM MOJIOCHI COBIAJIO € 00JIACThIO
BJI0JIbOEPETOBOTO YCUJICHHUS TCUCHUSI.
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Coastal front generated due to strong storm.
Passage of the front 1s accompanied by train of intense
internal waves

Average Backscatter [dB]
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['pannIia mocaemTopMoBOro (hpoHTa B NPUOPEKHOM 30HE COBNAJIACT C
PE3KUM U3MEHECHUEM HaIpPABJICHUS TCUCHUSI
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Oceanographic platform of Marine Hydrophysical
Institute, National Academy of Science of Ukraine.
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Hao0Juro1eHe BHYyTPEHHUX OOPOB.

BayTpeHHuli 00p B BHJI€ CTYIIEHHW XOJIOJTHOW PHUIOHHOM BOJIBI B
puOpekHOM 30He UepHOTO MOPS MOSIBUWICS B BUJIE MHTEHCUBHOTO CTPYUHOTO

TEUYCHUA B IPUJOHHOM CJIOC (zlo 60 cm/c). lnuna peanuzamuu 14.4 4. Pe3koe n3MeHEeHHE
HaIlpaBJICHHUs T€YCHUS (C BOCTOYHOTO Ha 3aImaJHoe).
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BayTpennuit 6op 21.08. 2005 (moka3zaHa aMIUIUTy1a TSYCHUS).
CunpHOE moBepXxHOCTHOE TeueHue (1o 80 cm/c). nuna peanuzaium 13.5 4.
Pe3koe n3MeHeHre HanpaBiieHUs T€YEHUs (C BOCTOYHOIO Ha 3aIaIHOE).
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Shear instability

Brons6eperoast ctpys teuenus (0.8 m ¢) Bo Bpemst otnuBa. [lon coem ckauka nporuBoredenue (0.3 m/c). [laker u3 5
OOpYIIUBAIONINXCS BOJIH BBICOTOM 10-12 M.
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Observations of internal waves



ADCP record of a train of intense internal waves in the coastal
zone of the Black Sea (the backscattered signal)
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KapTrHa HHTEHCUBHOCTH OOPAaTHOr'O pacCEsHUS 11 MOMEHTA
IPOXO0KICHUS TaKETa MHTCHCUBHBIX BOJIH. BoicOThI BOTH —10-13 M.
ITepuon - okoisio 13 muH. ['opu3oHTaIbHASA KOMIIOHEHTa B OpOMTANIbHBIX
TeueHusx — 10 0.5 m/c. BeptukansHas komnoHnenTa — 10 0.1 m/c. CripaBa

Average Intensity [Counts]
——Bottorn ——Top Q Bottorn Q
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3anuch KapTUHBI OOPATHOTO pacCesiHUs 3ByKa (CJI€Ba), TOPU30HTAIbHAS

(Ha ceBep) COCTaBJAIOIIAsA TEUCHUS (CIIpaBa BBEPXY) U BEPTUKAIbHAS
KOMIIOHEHTA T€UYE€HHUs (CIpaBa BHU3Y) BO BpEMs [POXO2K/ICHHA Lyra
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TpaekTopus X0XKIACHUS CTOSIICH HA IKOPE SAXThI, BBI3BAHHAS
IPOXOJAIIMMH K Oepery MHTeHCUBHBIMUA BHYTPEHHUMHM BOJIHAMM.
CMmenreHus sSxThl, B npeaenax rmiomaakya 40 m X 30 m
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BouHbI-yriyOneHust (BBEpXy) U BOJHBI-IOAHATHA (BHU3Y) HA KApTUHAX
7x010KalMOHHBIX KOHTpacToB ADCP (u3mepenus 2003-2004 rr.)
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Intense internal waves 1n the deep part of the shelf have the form
of depression waves (left), while in the shallow shelf have form
of elevation waves (right)
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FOpI/IBOHTaJH)HaH ACUMMCTPHUA BHYTPCHHHUX BOJIH
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[{yrn ”HTEHCUBHBIX BOJIH ¢ MpeaBecTHUKaMu: 3anuchk PJIT (BBepxy) u
ADCP (BHU3Y)
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Cnuk Hajg menbpom AnoHckoro mops (23.09.2004)




BHyTpeHHsIs1 BOJIHA, CTEHEPUPOBABILIAs CIMK Ha IOBEPXHOCTU
Mops (u3mepenus 23 centsops 2004 )
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CIIMKOBBIE MOJIOCHI Y BX0Jia B 0yXTy BUTSI3b




BHyTpeHHHE BOJIHBI HaJ| IIOPOTOM y BX0j1a B 0. BUTA3b
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Pattern of the echo-sounder contrasts obtained by using the ADCP on a
tack at the shelf of the Sea of Japan (off shore section). The characters
from 1 to 7 label individual internal waves propagating towards the coast.
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During the survey, the internal waves considerably approached the coast.
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TABLE 1. Parameters of the internal waves

No. of wave Velocity, m/s Initial height,m  Final height,m

3 0.23 4.5 4.5
4 0.24 5.0 4.0
5 0.25 4.5 5

§ 0.25 4.5 6.5
7 0.26 4.0 6.0

The waves approaching the shallow-water zone decrease their velocity from 0.26
to 0.23 m/s. The horizontal size of the waves is within 90—180 m. The amplitudes
of the majority of the waves tend to increase in approaching the shallow-water
region, this observation agreeing with the theoretical predictions



Db deKT BO3ACHCTBUS BHYTPSHHUX BOJIH Ha
IIPUIIOBEPXHOCTHBIW CJIOW BO3AYIIHBIX MY3bIPHKOB



dparMeHT 3anucu ko3 puilmeHTa oOpaTHOro paccessnus 3Byka B, Ha
KOTOPOM BHUJIHBI IB€ BHYTPEHHHE BOJIHBI U CHHXPOHHAS MOTYJISIIHS

TOJIIIHUHBI CJ104A CHJIBHBIX paCCCI/IBaTeJIeﬁ B IIPHUITIOBCPXHOCTHOM CJIOA

Mops (ciieBa). BoaHbI ABMKYTCS CIipaBa HalleBO. BepTukaibHBIMU
MPOHYMEPOBAHHBIMHU JIMHUSIMU 0003HAUY€HBI MOMEHTBI BDEMEHHU 11
KOTOphIX mpuBeaeHbl poduin B(h) (cipaBa
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KadectBeHHOE 00BsICHEHUE A(P(PEKTa BO3ACHCTBUS
BHYTPEHHHUX BOJIH Ha IPUIIOBEPXHOCTHBIM CJIOM ITY3bIPHKOB.
[Toka3zaHbl OpOMTaATIbHBIEC JBUKCHMS, BHI3bIBAEMBIC
IPOXOSIIMMA BHYTPEHHUMHU BOJHAMM




Interthermocline lens of warm and salt waters
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BHyTpeHHHE BOJIHBI, ABMKYIIUECS HaJ ITOJABOJHON OaHKON M

(hOopMUPYIOIIHUE HA THE T'PsAJIbl BEICOTOM 10 6 M - «IMOJABOJIHBIC OApXaHBI»,

Average Backscatter [dB]
||| l-lT -“ n -lH II.I rl n -|I|F|l|| |I I.lrl 1 ] [ IR T F | ; HW L -er Illl-.l 1 " ﬂ-|7rrl
||| | |'I| (Y j e [ I|' |||| |I 1 1 I 4

t

"l.ll..a '{l'ff

Al |"i'|n.a.. y .I'.I:I |
”' |||J |J|| i || e |'l i !'|| |I
' i Kﬂw r.;ff'.. i i '*f I!-{'II HPF'I?i

fih
hilr
|| l'q||“|l':
Al i

i it Nt

Length [m



[Ipumep U3 nmocneagHnX NOCIyTHUKOBBIX U3MepeHn oceHbto 2012. Pactipenenenue
KOMITOHEHTBI TEUEHUMN «BOCTOK-3a1aj», BEpTUKAJIbHON KOMIIOHEHTBI, 1 KAPTUHA IXO-
CHTHana c riyoumHou Ha paszpese 26.09.2012.

Mo

e
pi f” i Ia i



Conclusion

 ADCP demonstrated itself as a powerful and
convenient tool for oceanographic measurements.

It gave possibility to collect valuable data
essentially approached us 1n understanding the
processes on a sea shelf.
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