NATIONAL INSTITUTE OF OCEANOGRAPHY

WORMLEY, GODALMING, SURREY

C. S. S. Hudson, Jan. - Apr. 1967
Current Measurements on
Hydrographic Stations

Notes on Method, and Station List |

by

J. C. SWALLOW

N.I.O. INTERNAL REPORT No, A.30

APRIL 1968




C.S.5., Hudson, Jan, = Apr. 1967
Current lieasurements on Hydrographic Stationse.

Notes on Method, and Station List,

doC. Swallow



List of Contents

Notes on method: pages 1 -7
Figures 1 - 10
C.M. Station List: 6 pages



Current Measurements on Hydrographic Stations

Sometimes, when hydrographic stations are being made, an unexpected
wire angle may suggest that there are strong relative currents within the
vertical colwmn being sampled, Usually, though, nothing more is learnt
about the currents beyond Jjust suspnecting their presence, and a ship
hove-to on station is not a parﬁicularly steady platform from which to
hang current meters,

' However, the region of the Denmark Straits overflow seemed 2
favourable one in which to see what could be done gbout measuring currents
on station, without interfering with the usual water-sampling procedure.
“trong relative currents could be expected within a few hundred metres of
the surface, which might be measurable in spite of the erratic movement

of the ship on station. These notes are concerned with the current meters

used and the "Hudson's" behaviour on station, relevant to using current

meters, g%fstatiuu gt and-en-accowmt-ofthe current-measuremnents—treme—
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Two current meters were used simultaneously, to measure the differemnce
in current between the end of the hydrographic wire and some shailow depth.
4 Kelvin-Hughes direct-reading current meter (DRCH), at a nominal depth
of 15m, was read continuously and the average reading written down at
1 min. intervals, This gave the flow of water past the ship, not too
much influenced by the shape of the hull (some evidence sbout this will
be given lster). A telemetering current meter developed by the Chr,
Michelsen Institute, Bergen (BCH) was attached to the end of the hydrograph-
ic wire, together with the usual pinger, lead weight or whatever gear was
in use, The BCH signals (a coded sequence of long and short pulses
indicating rotor count, magnetic heading and temperature at 50-sec. inter-
vals) were transmitted acoustically at 13¢5 kc/s and received on an echo-
sounding transducer hung over the ship's side, which was connected to a
Sanborn recorder via a tuned amplifier. Usable records were obtained
with the BCHM down to 1785m, but that was close to the limit of the
acoustic system. ost of the stations were in depths less then 1000m
and except for one case when bad wire angles were experienced there was
no difficulty with acoustic reception, using the over-the-side transducer,

The Full-mounted echo sounding transducer  suffered too much from blanking
/
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by aeration to be usable for this purpose except in fairly calm conditions.,

The usual practice was to puv down the cast of water bottles and
then take a current wmeter reading during the 7 - 10 mins, wait at the
maximum depth, while the thermometers were eguilibrating and the messengers
travelling. Purther measurements (usually 5 mins. each) were made at
selected depths on the W&& up. This added very 1ittle to the overall
time required to make s section, since water bottles were being removed and
samples could be drawn during the 5-min, waits on the way up, and with
closely-spaced stations the rate of working was limited by the time taken
to clear the bottles and read the thermometers before starting the next
station, The BCOM records were decoded and mean values determined for
the flow of water past th meter, at each depth where a measurement was
made, 4t stations Ci 18 - 27 the BCk was used below the bathysonde,

If the ship moved steadily through the water when on station, the
current at any depth, relative to the surface, could be found by subtract-
ing the steady DHCH reading from the BCOK reading. The ship's movement
on station 1s however quite variable; typically the vector mesan over a
period‘of en hour may be ¥ knot, but successive 5-minute means may differ
from each other by as much as %kt, and the 1-minute readings fluctuate
even more, These near-surface fluctuations of the ship's movement must
penetrate down to the BCI at the end of the wire, with some delay and
smoothing. A rough idea of the time constant involved can be got from
considering a simple case, with the ship initially stopped and then suddenly
moving with uniform velocity. The wire will change from vertical 1o a
towing curve extending over some horizontal distance, and the time-
constant required will be at least the time taken to steam that distance
at the imposed uniform velocity., Using rough estimates of drag and
welght of eguipment used, and typically 800m of wire out, a time constant
of about 7 mins. is suggested for % knot speed change. However, these
speed changes are not made arbitrarily but are applied deliberately in
manoeuvring to keep the wire vertical at the surface. 4 flucvuation would
not be allowed to persist more than a winute or two if it began to cause
a wire angle of 10° or more, so that a simple towing situation does not
arise, «without any real justification, but with the idea of wmaking some
allowence for the delayed and smoothed response of the end of the wire to
the surface fluctuations of velocity, deep currents relative to the surface
ﬁave been calculated by comparing the BCH reading with the mean DRCH

reading over the same 5 mins. and the preceding 5 min, interval. Halfl
i
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the difference between these two 5-min. mean DRCM readings has been
taken as a minmimum estimate of the uncertainty of the relative current.
Longer observations (7 - 10 mins.) were made at depths exceeding 1000m

at some statlons, and for these the DROH readings were averaged over

correspondingly longer periods,
To get true currents from the measurements relative to the surflace,

bal

an estimate has to be made of the surface current, The mean DRCH reading

for the whole station (typically 45 mins. duration) gave the mean flow

of water past the ship at 15m depth. Loran observations were made every
15 mins., when conditions were sultable, to determine the ship's movement
over the ground. Adding these two vectors gave the current at 15u depth.
“hen the Loran was good, there was no difficulty in resetting to the
nearest 1 [isec equivalent to * *0R ml on 1L5 and * <04 ml. on 114 in the
Denmark Strait area.,  The uncertsinty in the ship's movement over the
ground, ina 45-min, run, was therefore at least * 04 kt, and might be
much worse in poor Loran conditions. Farther south along the Greenland
slope (Cli 24 = 27) fLoran coverage was better and its contribution to
uncertainty of the surface current estimate wight be as low as * 015 kt,
The mean DRCi. reading had typicelly an uncertainty of sbout * 0.2 kt, and
the overall uncertainty of the surface current estimate combining loran
and DRCE observations should be in the range ¥ 0¢3 to * 05 xnot. This
is slightly more than the average uncertainty in measuring the relztive
currents, arising from the variable movement of the ship through the water,
though the latter varies consilderably with wind speed, and direction of

current shzar in relation to the wind.as describved below.

Behaviour of the "Hudson' on station

411 these current measuring stations were worked with the ship hove
to, with the wind on the starboard quarter. The transverse component of
wind causes leeway to port which keeps the wire away from the ship's side.
Fore asnd aft movement 1s & balance between the longitudinal component of
wind and the thrust of the propellers golng astern, Figs. 1~5 show the

movement of the ship through the water on each station, in relation to
wind and mean ship's head. It may come as & bit of a surprise to see that
"

wost or the ship's wovement on statlon is leeway, an: that this can of'ten

:

eeway is pnlotted against transverse

Ty

-

». 6 the

jo3

be as much as 1 knot. In ¥i

«

5 are ve scattered, but assuming thet the

ot

component of wind, The poin

T
leeway is proportional to wind speed {a:

nd ignoring effects of rudder and
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bow thruster on transverse speed) it looks as if the "Hudson" mzkes
leeway on station at 1/23rd of the transverse wind speed., This will of
course depend on the draught, being more when the ship is light. For
comparison, the "Discovery" makes leeway on station at 1/15th of the
transverse wind speed (having about the same amount of superstructure but
less draught).

tthen strong relative currents are present, the wire tends to Jead in
the direction of the deep relative current and the ship has to be manoceuvred
to reduce this tendency, i.e, the ship has to be made to drift in the
direction of the deep relative current. The ease or difficulty with which
this r~an be done depends on the direction of the current in relation to
the wind, If the deep relative current runs directly against the wind,
the ship can increase speed astern and steering becomes more stable. If
the deep relative current runs out to port, the ship r~an be given more
leeway by putting the wind nearer the starbd beam. The difficult situat-
ions arise when the deep relative current runs downwind or to starboard.

In the first case, the ship has to reduce revs astern in order to drif't
dovnwind and is liable to fall away from the wind direction. In the second
case, in order to make leeway to starboard to keep up with the wire, the

wind may have to be put on the port gquarter, and then brought back again

as the wire is recovered. It may be expected therefore that the variability
of the ship's movement through the water on station will depend not only

on the wiﬂd speed and sea state, but on whether the relative currents are

in a favourable or unfavourable direction,

As an index of variability of ship's movement, and of the relisbility
of relative current measurements, the r.m,s. difference between successive
5 — minute means of the DROM readings has been calculated for each station.
Ihese are shown plotted vs, wind speed and wave height in ¥ig., 7. At
stations unaffected by strong relative currents, the variability is roughly
proportional to wind speed and not much dependent on estimated wave height,
At wind speeds up to 30 knots, the mean of a palr of 5 - minute averages
of’ the’DRCm may be expected to have an uncertainty of * 0.3 kt or less,
except in unfavourable circumstances, lote that, to have a significant
effect on the wire angle, it is the combination of speed and thickness of
the deep relative current that is important (total drag on the wire),

The fast currents near the bottom at stations CM 3, 4, 5 etc., did not cause
bad wire angles at the surface,

The idea of an r.m.s, variability may be a useful guide to the kind of

/
~uncertainty to be expected in using current meters, but of course the
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variations are not random, sometimes conditions may be guite steady

except for one or two large manoeuvres which completely dominate the

Tr.m.s., variability. On such a stetion one could improve the current

meter results by walting for things to settle down, after a larpge manoeuvre.
Ir the present series of observations, though, the readings were taken at
the time availsble without waiting, since one of the aims was fto make these
measurenents with as little interruption as possible to the normal water-
sampling routine, Examples of steady and fluctuating conditions are shown
in Figs, 8 and 9, where the components of each DRCH and BCH reading are
plotted azainst time for stations Ci 14 ond 21,  Although some short-
period fluctuations can be seen in the BJi readings, as may be expected
they do not correlate visibly with the DRCY fluctuations except when the
BCH was at its shallowest depths. In station CM 21, evidently most of the
variability was contributed by two large fluctuations, where the ship fell

off the wind and had to go astern more vigorously to get back into it

again,

Note on the BCiW and DRCH
Part of the short period varigbility of the RCH readings comes from

the coarseness of digitizing the rotor count, The BCM was intended as
an anchored current meter, with one cycle being read at intervals of
% hr or s0.  With the normal gearbox provided between rotor and continuous
potentiometer (40,000 : 1 reduction) a speed past the rotor of 1 cm/sec
changes the rotor sigual by approximately 1 bit per half hour, With the
meter cycling continuously, as we were using 1t, this is much too insen=
sitive and the gearbox ratio was changed to 8,000 : 1.  Iven this was
fairly coarse - approx. 7 cm/sec for 1 bit change per cycle - but the
gearbox ratio could not be reduced conveniently any further and might have
begun to impose appreciable load on the rotor,. Thus the speeds that can
be inferred from the change in rotor count between successive cycles are
quantiged in 7 cm/seo jumps, The 5 - minute mean takes in 6 eycles,
though, so that the mean should not be too coarse on this account, but
some of the minute-by-minute scatter is caused by it.

The BCI is not the ideal meter for use on a wire over the side.
The acoustic link is useful when the meter has to be used with water
bottles, but with the STD some means of bringing the current meter signal
up the conducting caeble would be more satisfactory. The coding system

is not easy to interpret directly into current and the temperature in-
;
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formation is redundant when the S7D is in use, The recording meter
developed by Frassetto could be adapted to provide a shipboard record

of current speed and direction, via the STD caeble, that could be read much
more rapidly.

4 self-recording meter of some kind would be more suitable than the
DRCh, for use as the shallow meter, One advantage of the DRCL for this
application is its fluxgate compass, which is less affected by proximity
of the ship's hull than a free compass needle would be.

On the question of how deep the shallow meter should be, to avoid
trouble due to the flow being distorted by the presence of the hull, we
have found that 10m seems a satisfactory depth for the "Discovery",

i.e. about twice the draught. On that basis, 15m was used on board
"Hudson", '

4t those stations where there was a thick isopycnal layer at the
surface, relatively small differences of current were observed when both
BCL and DRCH were within the layer. This in itself suggests that the
shallow meter was not being badly affected by the ship, and that the
calibrations of the two meterswere in reasonable agreement., Looking more
closely at these differences of current within the uniform top layer,
though, some are appreciably bigger than their estimated uncertainties,
They appear to be in the sense that would be expected from the frictional
effect of ﬁhe wind, Observutions of relative current in an isopycnal
(within <01 in o%,) layer were made at 15 stations, Two of these had
variable wind and 6 of the remainder had an uncertainty on the relative
current of at least half the magnitude of the current. The remaining
7 observations are shown in Pig, 10, The current at 15m depth is plotted
relative to that at the point deeper in the layer (depth marked at the
)origin)o In all 7 cases the relative current (surface relative to deep)
is to the right of the wind, The mean angle of deflexion is 6L° (* 26°)
The ratio of relative cureent to win.i speed (brought to same units) is
«012 (* +005),

For an Ekman spiral ( see Defant, Vol.I. p.418), VO§§§%2¢W

Vo = surface current, w = wind speed, ¢ = latitude. In our case

¢ mean = 65° andVo = 0127w, so that our observed mean ratio agrees very

well. #hy should it?  The depth of homogeneous layer required for.the
;?gié%w ‘(D in m. if w in m/sec) i.e. D 70m and our
layers are easily deep enough in most cases, And 15m, though not the

surface, is shallow compared to 70m, and Fhe Ekman current would not be

Elanan spiral is D
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expected to have decreased much and should have rotated a bit clockwise,

as observed, Since the averagze magnitude of these relative currents

is 18 cm/sec, and their mean value appears to agree with the expected
current to within about 407, it seems unlikely that any systematic
difference between BCii and DRCI will exceed 8 cm/sec, whether it arises
from differences of meter calibration, or wave action on the DkCil, or

distortion of the shallow flow due to the ship's presence,
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¢ Station Dits

Deep current (1) “Mrue® current (2) Components of

Ci ire Depth Press, Scatter (1)  Components of
[ioe out (m) (dbar) (relative to deep curreit ~ true current
(1) 15m depth) relative to 18a. . ‘- :
| 054°7) 504 °T) ‘ (0z°1) (304°T)
1 (J4 ) (504 ! (15m) 1sem/sec, 310°T + 2em/sec + 1icm/sec
250 2L6 218 16em/sec  076°T + 5cm/sec + 11em/sec  ~11cn/sec 15, 005° + 13 + 7
550 343 347 L3, 1629 14 - 26 -3 29, 131° - 2l - 16
L0 L2 L6 22, 105° +9 + 3 =01 10, 050° + 10 - 3
550 540 545 10, 058° + 7 + 9 -4 15, 340° + 11 + 14
650 638 6Ly Dy 231° 7 - 5 + 2 20, 295° - 3 + 20
(034°1) (304°1)
2 (15m) 35, 204.° - 12 + 33
250 . 250 252 iy 0L0° 16 9 - 32, 296¢ - 3 + 32
500 500 504 "5, 183° 5 - 12 -9 355 259° - 24 + 2L
750 7L9 756 20, 033° +18 + 1L -15 18, 310° + 2 @ 18
(o34°1) (304°7)
3 | (15m) 28, 293° -10 - +57
400 392 395 23, 00L°  #16 + 19 +11 : 69, 314° + 9 .+ 68
700 6383 690 55, P219° 3 - L5 +12 90, 263° - 58 o+ 69
750 730 737 8ly, 203° 12 - 8L =15 103, 238° - 9L + 42
| (031°1) (304°T)
L (15m) 148, 323° + 38 +112
565 565 570 16, 205° - 16 -1 113, 315° ' + 22 1
615 605 610 55, 229° 16 - 53 +13 127, 297° - 15 , +125
640 62l 630 =8, 217° + ) - 87 + b 126, 231° - 49 +116
659 6 650 111, 214.° +11 =111 0 133, 271° - 73 +112
675 661 567 38, S201° 8 - 67 -21 104, 276° - 19 + 91
% | (034°1) (304°T)
! (15m) 134, 275° - 65 +116
5 5 200 - 296 293 24, 127° + 5 - 1 =23 114, 269° - 66 + 93
; 450 LL3 LL7 27, 114.° 5 + L -25 109, 270° - 61 + S0
500 492 L97 53, 195° 17 - L9 ~18 152, 255° =114 + 98
530 521 526 51, 199° +11 - 19 -1l 154, 256° ~114 +102
561 555 560 68, 162° +10 - 57 =34 147, 248° =122 + 02
575 566 571 61, 152° 2 - 30 -52 114, 2L5° - 95 + .64
Notes (1) "Deep current relative to 15m depth" is the mean reading of the Bergen meter at tiol derth, minus the mean DRCL reading averaged over the same

%3
time interval and the preceding minse. "Jantter” is half Lie difference betweo : the mean DRCM reading in the same time interval and the mecn
& ,

in ine preteding 5 ming.

(2) "True" current = ship's velocily over ground (Loran) + vean DRCE reading for whole station + Deep current relative to 15m depth.
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