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Summar
g vr us. pa er? a [eview was r%f tﬁe mcrease of frictional resistance of m.v.
mbashi duging the fjrst three Xear] ﬂ el his veﬁse

de der some Tiveyears” Service t surface roughened so far that sandblasting was

he surface roréghness \ﬁas measured Beere and after sandbl strng{ Again measuregd m”e
ec

trrals were Carrreeww%url\{\Isﬁ epfg ﬁed’rl the. aul%ﬁ%rw ereeggﬁeﬁr fr ee rm an dlsa?a]stert t

re
SIyurt her uﬁorma on onh rrctr nal r srstanceo tér surpace IS given by pitot traverses
taken over the bottom In t ecentre Ing, ore and amidships.
Summary of Nomenclature

V= Ehgssgeed throu h the Water in kn(? t = Thrust deduction coefficien
U = Free stream velocity at edge of boundary layer in ehp= T(1— t) VIOT455 = Efctrve horsepower,
{z }/?OC' houndary layer in. knots. hp/d\%vi Erroglslsslry ﬂ:wcrltehn?/vrnd measured mile trials
z halgé«zgsso ounaary fayer In incnes. Vi = Ship’s speed against wrrgd (measured mretr?als)
= Distance. frrym fopt of stem to pitot log. dhpk = De”]uleeetglahlcsr)rsepowerat screw with wind (measUred
XE emati \elsr(rgwnumper at pitot log. dhpa = Delivered horse ower at screw against wind
%f: rrc¥ron ance Coelfcient. {measure mile trials).
= ru— rog errevo utrons ermrnute dqp Delivered horsepower at screw still air,
dhpr ivered horsepower at scre Thrust with wind_(measured mile trials).
RSt in tons, _ T« = Thrust against wind (measured mile trials).
“Professor of Naval Architecture, University of Ghent (Belgium). T,  Thruststillair.
A = Torsionmeter; B = Thrustmeter: P,P, = Pitot logs.

Fig. L—Instrumentation in m.v. “Lubumbashi”
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A. Before sandblasting. B. After sandblasting.
Fig. 2.— Profiles of thf hull defore and after sandblasting
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Fig. 3.—Photograph relative to the profiles a (Fig. 2) before
g g psandblasting (fullpscales (Fig. 2)

1. Instrumentation for the Trials

n August 1958, four years and eight months after her first
trials, the_Lubumbashi Was dry-docked and the hull sanag-
blasted.  This sandblastqu was ‘carried out by the dr)r/]_syste_m.
Advantage was taken of the iInstrumentation of thjs” ship,
especially the torsionmeter, the thrustmeter, and the pitometer
IO?, to mak(i an investigation on the behaviour of this vessel In
this new hull condition (Fig. 2). _

The Siemens-Ford torsionmeter and the Michell thrustmeter
were given the same location as for the Erev_mus trials. The
thrustmeter was installed on the thryst bearing, the torsion-
meter was installed at the first third of the shaft, there being In
thettunnel four bearings before and nine bearings after torsion-
meter.

Two pitometer logs, were fitted in the bottom of the hull near
the centreline: ong” log was fitted hefore the engine-room,
88 ft. from the forwdrd perpendicular, the second log was
fitted after the ,engilne-room in the tunnel, 267 ft. from the
forward perpendicular. _ _

The torsignmeter was calibrated, fitted on the shaft. The
shaft losses from torsionmeter to propeller are calculated in the
same way as for the newly-built ship(2); the shaft loss bemg
1hp ger revolution, the hdrsepower at screw th I calculate
by subtracting from the measured horsepower at torsionmeter
mhp the rom.” The motor horsepower is obtained by adding to
mhp half the rpm. This gives a complete loss from motof to
pr(])%ellerom er %ent at full power, o

e accuracy of measurements is within the following limits

oferror: _ , ,

Speed through the water, the _FIt_Ot logs being calibrated on
the measured mile, 1 per cent. This 1 per cent relates only to
normal service. The combined measurement of speed over
%ound with the be_zﬁons on the measured mﬂ?]_an of speed

rough the water with the pitot logs gave a much _|Pheraccuracy
of the  obtained value of speed on'thé measured mife.

. Torque, the torsionmeter being calibrated fitted on the shaft
in the enFme shop, 2 per cent.

Thrust 3 per cent. ,

These limits of error relate to measurements made in a sea

Fig. 4. —Photograph relative to the profiles b (Fig. 2) after
sandblasting (full scale)

where waves are not higher than 4 ft.  Waves of this height do
not give the ship any appreciable motion.

2. The Trials

[t was the aim of the trials to establish the effect of sand-
blasting the hull on the resistance of the ship.
Three series of measurements must be carried out:

(1) The measurement of the roughness of the hull surface,
before and after sandblasting. .~ =

(2) The measurement of velocity distribution in the boundary
layer by means of both pitot logs. It is known that the
roughness of the surface is described by the shape of the
velocity curve In the friction belt o

(3) As a conclusion of the investigation, measured mile trials
must be carried out and the results compared with the
results of the measured mile trials of the newly-built ship.

The.measurement of the hull surface roughness could be
made wdrﬁ-docﬁ. _

As the oltward passage after sandblasting was from Antwerp
to New York, it was deCided to_deviate the Shli) from her royte
and to carry out measured mile trials at Polperro in loaded
condition, On the way from Antwerp to Polperro there was
an opportunity for many traverses being taken with both pitot
logs. ~ So theexperimenters embarked “in Antwerp, made the
trul) t(t) _P(l)lperro, and disembarked in Plymouth after the measured
mile trials.

3. The Measurement of Hull Roughness

In the second Lubumbashi paper(l) a description was given of
the hull roughness after three years' service. The mean height
of the asperities was 0 05 in. ~ After near(I}/ five years’ service
the surface roughness was even worse. Corrosion cavities of
a depth of somé 01 in. and a surface of 2 x 2 in. were spread
over the bottom, especially fore.  Furthermore, ma_nY rust
scales 0 05 to 01 in. thick Covered the hull. Small blisters of
0-5to 1-5 in. diameter, 0 1to 0-2 in. height, were spread over
the whole surface. In many places the Palnt had disappeared
on the bottom and on the ship's side between light and" loaded
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waterline. The_remamm%ﬁamt was rough with asperities of
0-02 to 007 in,, and ‘Where paint covered corrosion the
asperlﬂes were even hl(%her. _ L

In the ship’s side, thickly spread corrosion cavities of a depth
nearly 01 in. were visiblé between light and loaded waterline,
even after sandblasting and Pamtmg.

|t had been stated during the measurements of the three-year-
old Lubumbashi that the Toughness was at, the limit of what
could be measured with a reaSonable accuracy by means of the
pneumatic feeler.  And now the hull surface was even rougher.

It was the owner’s wish to have roughness measurements
carried oui}m two conditions of the hull: él) In the crude con-
dition of the hull as the ship entered dry-dock; (2) in the con-
dition as the ship left dry-dock, sandblasted and painted. _

It was then decided to make the roughness measurements in
the same manner as was done on_the hull of m s, Arab|a.(32) B
means of a camera_esFemally designed by the Geodesy Labora-
tory of the Technical University”of Delft, photographs were
taken of the uneven surface of the hull of the sh|P. The photo-
graghs were worked out to gr_oflles by means of the pantograph
0f a photogrammatic calculating instrument. _

As many samples as possible were taken of the hull surface in
both conditions, before sandblasting, the ship being in dry-dock,
and after sandblﬁstm? and amt_mg. Some 1?0 rofiles were
worked out In the cfude condition of the hull against some

O_Proflles in the condition after sandblasting. Out of these
profiles the group A of Fig. 2 (derived from photograph, Fig. 3
and the group B of Fig."2 (derived from photq?raph, Fig. 4
are representative of the mean hull surface condition, group A,
before sandblasting, group B after sandblasting and painting,

It might be of intérest, however, to mention that, even after
sandblasting, the hull surface, owing to corrosion, remains In
some parts of the ship rather bad, as Can be seen on photograph,
Fig. 5. No account, however, Is taken of these odd profiles in
the analysis of the hull roughness, as they are_not re \Jlarly
distributed over the whole surface of the hull. The profiles of
garts that are located above the loadline of the Polperro trials

re also disregarded.

oy m

Fig. 5.—Vi8\gRﬁ&?o&?rt of tngls)Ew'lsﬁ\?é:i I!lIJKLaffEthd by
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Fio. 6.—Analysis of tEeSEQUAl rrnoet%ﬂg(rj]ess according to the

Fig. 6 shows in a Io?arlthml_c scale the results of the analysis
of the protiles of Fig. 2 accarding to the B.S.R.A. method.(5) .

The data of the newly-puilt sh|tp are repeated in this figure in
order to obtain a good picture of the progression of the Tough-
ness of the hull surface of the ship when jn service. _

It must be said that the roughness analysis of the newly-built
sh|'o wa% made of ?roflles takée_n In a laboratory bﬁ’] means of .
Talysurt on sample plates distriouted around the new. ship
wheén sandblasting and painting this ship. But the Talysurf data
?ggle(%onﬂrmed by the measuréments made with the pneumatic

It is remarkable that in the logarithmic scale of Fig. 6 the
three amplitude-wavelength lines™ are nearly equidistant ang
parallel. "The amplitudes-are brou?ht back to one-third of their
values by sandblasting the hull, buf even then the_Y remain three
times lafger than the amplitudes of the newly-built ship.

4. Velocity Distribution in the Boundary Layer

The roughness of the hull surface was furthermore described
by the shape of the velocity curve in the friction belt. Two pito-
meter logs were_installed jn the bottom of the ship, in P, and
In P2 (Fig. 1). The pitot log in P, Is the same, as was installed
In the newly-built ship, when at the beginning of 1954 the
measured mile trials ‘were conducted at” Polperro, and the
position 1s the same, too. The second pitot Io[(g In P2 was given
fl?o the same Posmon as it had in Augrust 1954, when the Vesse|
eft Antwerp_ for her fourth voyage, dfter having been cleaned
and paintedin dry-dock. _

Obviously pitot log P! allows the best comparison to be
made betwgen the surface conditions, when the ship was new
and some five years later after she was sandblasted and painted.
The second HI ot log, however, can give more Information on
surfac? rougnness as the traverses taken with this |n?]t_rum_ent
are affected bﬁ a much greater part of the bottom. This pitot
log was Instafled in July 1954, just before the fourth voyage
and many very accuraté measurements were made in Algust
with this”log in a calm sea, When comparing these traverses
with the traverses of September 1958, it must bg considered that
the ship, although cleaned and painted in July 1954, had alreaay
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TABLE 1a

Pitot P,: Newly-built Ship

Date:January 13, 1954

DiStS‘m?Fi r?uc[mf.mm Velocity Ln knots Velocui% ratio
60-5 1610 1-000
50-5 1600 0-994
40-5 15 80 0-982
30-5 15-40 0-957
25-5 15 00 0-932
20-5 14-60 0-907
175 14-40 0-895
155 14-20 0-882
135 13-90 0-864
12-5 13-80 0-857
11-5 13-50 0-838
105 13-40 0-832
9-5 13-40 0-832

8-5 13-10 0-814
1-5 13 00 0-807
6-5 12-80 0-795
5-5 12-10 0-789
4-5 12-20 0-758
35 11-80 0-733
2-5 11-60 0-721
1-5 11-50 0-714
0-5 9-70 0-603
00 7-20 0-450

Ship’s speed in knots, V 16-00

Velocity potential flow, U 16-10

Reynolds number R, 3 x 10s

Frictional resistance coefficient 0 00180

suffered from corrosion which had ﬂlven the hull surface a
rather appreciable deterioration. But the effect of that deteriora-
tion was very well known by the comparison of the propulsion
data ofJanuam{ and October 1954, and by the comparison of the
traverses of pitot |0[an,, taken when the ship was new, and In
October after more than a half-year’s service. _
In"conclusion, the information ?lven by hoth _Iogg IS very
useful when comparing the hull surface roughness inboth cor-
ditions of the ship, newly-built ana after some five years’ service,
the ship being sandblasted and painted. _ _
The data Of the traverses are given in the Aé)penmx. Durlngf
the measured mile trials of September 8, 1958, the accuracy 0
both pitot logs was checked. Pitot log P2, which always "had
ﬁ_roved to be d reliable instrument, gave measurements 0 05 knot
Igh as compared with the actual”speed on the mile: there is
much evidence that this 0 05 knot is the effect of the potential
flow. Pitot log P], however, gave measurements 0-5 knot high:

TABLE 1o

Pitot P,: Sandblasted Hull
Date: September 7, 1958

DI o

! Velocity in knots

Velocw%ratm

52-3 15-60 1-000
47-3 15-65 0-997
42-3 15-50 0-996
37-3 15-20 0-974
34-3 15-20 0-974
32-3 15-10 0-968
30-3 15-10 0-908
28-3 15-00 0-%1
26-3 15 00 0-%61
24-3 14-10 0-945
22-3 14-60 0-936
20-3 14-25 0-914
18 3 14-00 0-897
16-3 13-80 0-885
14-3 13-70 0-878
123 13-20 0-846
10-3 13-00 0-834
8-3 12-55 0-805
6-3 12-10 0-776
5-3 1190 0-763
4-3 11-70 0-750
3-3 11-40 0-731
2-3 10-85 0-696
1-3 10-25 0-057
0-9 9-85 0-632
0-5 9-25 0-593
0-0 6-75 0-433
Ship's speed in knots, V 15-50
Velocity potential flow U 15-60
Reynolds number R, 3x 108
Frictional resistance coefficient 0-001 74

Q

this 0«5 knot is due for one part 0+1knat to the effect of potential
flow(2); for the most important part, however, 0-4 knot to an
inaccuracy in the adjustment of the instrument. All the data
given b)(] this instrunent are to be corrected for 0-4 knot to
obtain the actual velocity in the boundar?/ layer.
From the data of Tables la and 1b, Ifa angd 1o, the loss of
momentum Jpu(U —u)dy of the water aI_onﬂ] the bottom
over g breadth equal to unit'can be calculated in the usual way.
Dividing this loss of momentum by 1/2p V2/ where V Is Sh_IP’S
speed and / the distance from the oot of the stem to the pitot

I gr gives the frictional resistance coetficient Cf . _
he frictional resistance coefficient Is first calculated, taking

the data ofﬁnot log Pt, from the foot of the stem to this o?.
There Is ho appreciable_difference hetween the values of the
frictional resistance coefficient, 0-00180 tor the newly-built ship,
and 0-00174 for the sandblasted ship some five years later. The
difference iswithin the limit oferror of measuring and computing.
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TABLE 11a
Pitot P2 Traverses 4th Voyage (Clean Hull)

_ _ Velocity in knots in boundary layer u
Distance out from shell in cm.

1(up) 2 (clown) 3(up) 4 (down) 5 (up) 6 (down)

000 180 1-80 0-00 0-00

005 . — — — — 1-90

010 _ _ — — 4-80 —

015 — = — — — 3-20

0-20 - — — 4-40 5-80 5-20

0-30 - — — 6 00 6-30 600

0-40 . _ — — 6-90 _

0-50 _ — — 700 — 6-90

0-60 — _ — — 7-70 _

0-65 _ _ — — — 7-30

0-80 -- - — 7-30 — 7-90

1 8-40 8-30 8-50 7-90 8-20 8-30

2 9-30 9-30 9-35 8-80 9-60 9-40

3 9-70 9-80 9-80 9-50 10-20 10-10

4 1000 10-10 10-10 1000 10-50 10-40

5 10-40 10-40 10-40 10-30 10-90 10-90

6 10-80 10-70 10-70 10-50 11-10 11-20

7 10-90 10-90 10-80 10-70 11-20 11-30

8 10-90 11 00 10-80 11-00 11-40 11-50

9 11-00 11-10 10-90 11-30 11-70 11-70

10 11-10 11-20 11-20 11-30 11-90 11-90

il 11-30 11-30 11-30 11-30 12-00 12-00

12 11-40 11-50 11-50 11-50 12-20 12-20

13 11-60 11-60 11-70 11-70 12-30 12-50

14 11-70 11-80 11-70 12-10 12-50 12-60

15 11-90 11-90 12-00 12-20 12-60 12-70

16 12 00 12-10 12-10 12-20 12-80 12-90

17 12-10 1210 12-20 12-20 12-90 13 00

18 12-20 12-20 12-30 12-40 13-00 13-20

19 12-30 12-30 12-50 12-60 13-15 1310

20 12-40 12-50 12-40 12-70 13-30 13-20

25 13 00 13-10 13-20 13 00 13-70 13-70

30 13-30 13-40 13-40 13-20 14-15 14-15

35 13-50 13-70 T3-60 13-80 14-40 14-60

40 13-70 13-90 13-90 14-00 14-70 14-90

45 14-10 14-30 14-20 14-20 15-10 15-30

50 14-40 14-70 14-50 14-40 15-20 15-40

55 14-60 14-80 14-80 14-70 15-40 15-50

60 14-80 15-00 14-95 14-80 15-60 15-60

70 14-90 15-20 15-15 15-00 15-70 15-80

Ship’s speed V 14-85 15-15 15-10 14-95 15-65 15-75
Potential flow U 14-90 15-20 15-15 15 00 15-70 15-80
Reynolds number R, 4-8 x 108 4-8 X 108 4-8 x 108 4-8 X 108 5 x 108 5 x 108
Frictional coefficient Cf ~ 0-001 88 0 001 98 0-00199 0-00188 0 001 81 0-001 81
Date 2.8.54 2.8.54 3.8.54 3.8.54 4854 4.8.54

The data obtained b?{ lg)ltgt log P, are ﬁ]lotéed in F!ﬂ' 7. installed in July 1954. A correction has to be made for the first
Only one single_curve can be drawn through the data relating to  six months,  ~ . _ L _
both hull conditions, In conclusion, for the part of the Ship Aqaln the frictional resistance coefficient is_computed in_the
%ffgcu (11 this pitot qu, the surfaces are to he considered as usual way from the data of August 1954 (Table Hal). This
ydraulically equivalent. . . gives on the hottom of the ship “from stem to pitot fog P2 a
Considering now the P2 data, it is somewhat more difficult mean value of Cy=0-00189. Establishing ‘the frictional
to have a comparison made of the roughness in hoth conditions,  resistance coefficient from the data of September 1958 f(Table Ib)
September 1958 and newly built, bécause the pitot log was gives a mean value of Cf = 0-001708. "This means for August
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TABLE 11p
Pitot P2: Sandblasted Hull
Date: September 7, 1958 Date: September 7, 1958
Hour: 13h.to 15h. Hour: 21h.to 22h.
Distsehne(iie i%ué rTf]rom Velocityuin knots Velo\% ratio Dists%ne(friﬁuct rrﬁ.mm Velocityuin knots Velo&i/t%/J ratio
70 15 50 i 000 70 15 30 1000
65 15 45 0 996 60 15 20 0-993
60 15 35 0 990 50 15 00 0-981
55 15 30 0 987 45 14-65 0-956
50 15 10 0 974 40 14-40 0-941
45 14 90 0 961 38 14-25 0-931
40 14 55 0 938 36 14-10 0-921
38 14 45 0 931 34 14-05 0-918
36 14 40 0 928 32 13-95 0-911
34 14 25 0 920 30 13-95 0-911
32 14 05 0 906 28 13-90 0-908
30 13 95 0 900 26 13-75 0-898
28 13 85 0 893 24 13-60 0-889
26 13 65 0 880 22 13-40 0-875
24 13 45 0 867 20 13-20 0-863
22 13 25 0 854 19 1300 0-850
20 1320 0 851 18 12-95 0-846
19 13 10 0 844 17 12-90 0-843
18 12 95 0 835 16 12-75 0-833
17 12 95 0 835 15 12-50 0-817
16 12 80 0 826 14 12-50 0-817
15 12 70 0 819 13 12-35 0-807
14 1270 0 819 12 12-25 0-800
13 12 60 0 813 il 11-95 0-781
12 12 40 0 800 10 11-95 0-781
1 12 30 0 794 9 11-85 0-775
10 12 00 0 774 8 11-60 0-758
9 1 70 0 755 7 11-30 0-738
8 11 60 0 750 6 11-00 0-719
7 11 40 0 739 5 10-65 0-696
6 110 0 716 4 10-35 0-676
5 10 90 0 703 3 10 00 0-653
4 10 50 0 676 2 9-00 0-590
3 9 90 0 640 1 7-00 0-460
2 9 10 0 590 0 150 0 098
1 700 0 450
0 150 0097 Ship's spegd in knots, V 1525
Ship’s speed in knots, V 15 45 Velocity potential flow, U 15-30
Velocity potential flow, U 15 50 Reynolds number R, 5 X 108
Reynolds number R, 5 x 10s Frictional resistance coefficient 0-001682
Frictional resistance coefficient 0 001 734 cf

1954 an increase of the frictional resistance coefficient of 11 per 11 per cent. This_was obtained from P, traverses as well as
cent as compared with the frictional resistance coefficient of ~ from power data. Thus it is established again from the P2 data
September 1958.  Qn the other hand, it has been stated in the that, for the part of the bottom affectmg this pitot log, the
previous Lubumbashi paper(l) that the Increase of frictional surface roughness is hydraulically the same for the nerP’-bUIlt
resistance from January (newly built) to October 1954 was ship and after sandblasting and painting some five years fater.

1
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A%aln, the velocity curves P2 are ?wen for Aurgust 1954 and
September 1958 (Flgz 8). In Table T1a the traverse 5 I taken
%Mn the “lowest “Trictional resistance coefficient, the most
nfavourable to be compared with the traverses of September
1958.  For the traverses of September 1958 the mean curve Is
drawn and from the relative position of the curves September
1958 and August 1954 1t is obvious that the roughness was
hlqher_ In August 1954. _

CIncidentally, it could be remarked that the 1.T.T.C. 1957 line
gives for a Reynolds number 3 x 108a C/ 0 001788 and for

Fig. 8.—Velocity dis(tPII’ijOuFiE&irb she boundary layer.
2

a Reynolds number 5 x 108a Cy —0 001671. These values
are v r¥ close to the values obtained from the traverses of P,
and P2Tor the newly-built and the sandblasted ship.

5. The Measured Mile Trials .
The measured mile trials of the newly-built ship were carried
out in ballast and in. fuIIY loaded condition, Unfortunately,
when the Lubumbashi left Antwerp September 6, 1958, she

was medium loaded. _ .
On the other hand, Dr. Allan, Superintendent of the National
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TABLE Il

Ship Trial Results. Ship: m.v. “Lubumbashi.”

M easured Mile: Polperro, September 8, 1958

Groupadnn  Dirction  THEeghfart  Grojpppeed. - Regfigggitot - Regdipgpitot - Seb vt

i EW. 5-48 14-15 14-93 14-41 14-37
2 W.E. 6-23 15-85 16-10 15-69 15-62
3 EW. 6-59 14-38 15-19 14-75 14-67
i 4 WE, 7-30 16-80 17-31 16-98 16-89
5 EW. 8-02 15-82 16-68 16-21 16-17
6 WE. 8-28 16-82 17-33 16-97 16-90
m. 7 EW. 900 16-33 16-91 16-51 16-45
8 W.E. 9-38 143 17-70 17-33 17-28
vV, 9 EW. 10-25 11-96 12-80 12-35 12-22
10 W.E. 10-57 13-42 13-73 13-33 13-20
u EW. 11-30 12-06 12-75 12-35 12-19
or groyp LI visibility was poqr, ground speed is questionable for this group.
odur%en %\é g(\;/.ycogrfge ?:"%(’z drsep dnqtlf]e str?lqh? coyrs tﬂe.ra?ngefgfruﬁder an
The depth under keel Varie o f0 23 fathoms, ex ﬁ?t of run 3 where it was 16 fathoms, a
Ind was n.ear(}/ constantr uring the frial ,abod%g nots nglsterf%. .
hate pLsed. I d%r e, jue EC&IOH 0T Waves, d%g. elgit of waves: 3to 4 ft.
TUSt IS GOrTecte 0f shart ob Iguly an Toy. sfatic nea
o 1Uns 1 and g power 15 com uted from indicator
was measured with the torsionmeter.

Physical Laboratory, who ran the model and made the com-
pafison with the trals, did not make tests at an intermediate
draught.2)

Nevertheless, an attempt was made to compare the results of
the new measured mile trials with the data obtained for the
newly-built ship. o

Table Il gives the results of the measured mile trials con-
dugted at Polperro, September 8, 1958.

The Bartlculars of M.v. Lubumbashi are recalled here:

46-2ft. LBP: 61-351t. breadth moulged: drau%ht for'ard
19+83ft., draughf aft 2367 ft.; extreme displacement 11,640 tons;
water temperdture 61° F,. _

Propeller, 4 blades: Single screw ‘R.H.), 17-62 ft. diameter:
mean demgned face pitch = 14-50 ft.; developed blade surface
area . 107-2 ft.2 _ L _

This was a new propeller with characteristics slightly different
from the characteristics of the propeller of the newly-built ship,
_Hull surface: riveted seams, welded butts, ship fodr years and
eight months old, sandblasted and painted before the trials..

A first step is to correct the results of the measured mile trials
to still air condition. This has been done as given in Taylor’s

00k.

There is, however, a deviation from Taylor’s method in that
the effect of current is eliminated first of all by means of the
readings of the pitot logs. _

Both Fltot_ logs are”calibrated by comparing the mean of
means Of their readl%s for each group with the ‘mean of means
of %ro_und speeds.  This gives for each pitot log an error line.
Both lines are fairly well parallel except for the runs ofgrouB Il,
where the deviations are important and quite the same for both
pitot logs; because of that, the ground Speeds of group Il are
|%nored, and the error lines of the pitot Io\%s are baséd only upon
the ground speeds of groups I, 1, and IV. _

Corrected then for ‘this error, each pitot log gives for each
run a speed relative to water v. The values™ ~and v2 given
{J/v each pitot log for a run are very close and their mean
v = r\]/1 +v2/2 is"an accurate value for the “water speed” of
e ship.

101-10
103-50
101-76

114-12
112-86
113-82

116-28
117-42

85-20
87-12
84-84

i Wi

lagrams on a basis of mechanical efficiency calculated from the other runs, where power

gte

et

4,053
4171
4,118

5,852
5,688
5,844

6,432
6,475

2,312
2,335
2,309

T

36-90
36-50
37-30

46-65
46-75
46-25
49-90
49-30

25-20

s suort

Fig. 9.—Analysis of the results of the measured mile trials:
relation dhp- speed

grroup of simultaneous values of speed V.
) are then plotted, and this gives Fig. 9

For
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definitely the_ “still air speed V" for the interpolated dhp and
T values in still air.

It myst be remarked that a correction has been made for

wind effect but not for the effect of waves. This objection can
° be_met by the foIIowmg considerations.

The wave height, 37to 4 ft., was small_compared with the
dlmen5|ons of this car%o liner. Ship mot|ons were slight and
the effect of waves on s resmtancemust ave been very small.

0} Moreover, during previous trials, in manﬁ/ cwcumstances th
effect of a following sea has been determified on this ship (12
and it was of the same order as now found b%the Taylor method

Fmalhi the st|II alr values of dhp and rust T of the S

tember 1058 trlas are comPared with the values obtained f
the trials carried or é) he newly-uilt ship, in ballast In
o1 Decem er 1953 and loaded in January 1954,
" he ISP acement 11640 tons, of the September 1958 trials
VX |sh fw(ﬂy tfetween the ballast displacement, 8,945 tons, and the
loaded acement, 14192 tons, of the frials on the newly-
< bujlt ship. ThIS makes the comparison rather difficult.

In Figs. 11 and 12, dhﬁ and T of the trials on the newl¥ -uilt
ship aré corrected fo \e displacement, 11,640 tons, ot Sep-
tember 1958, for the ballast condmon up to 'this d|sp|acement

TV wy for the, [oaded conditjon down to this d |s lacement. "This gives
g two different lings of which the mean ling is su Posed to glve
dhp and thrust T in the newly-built condition of the ship for a
displacement of 11,640 tons.
thIt {nust be tsa|d thetdfer thtettrlahls (|jn newly-built clenéhhon
rust was not corrected for static head, as was remarked in a
0 95 100 105 10 usTM. footnote.(2) T has_been corrected now for static_head.
Fic. 10—Analysis of the results of the measured mile trials: ‘Again, ‘dhp and T, still air condition, of the September 1958
relation thrust-speed trjals are plotte? in these diagrams, as the were obtajned from
The necessah{ corrections to obtain the still air values are F|gis 9and 10, for five values'of dhp and five values of T.
then made ang hey are glven |n Tables IV an t is remarkable that the dhp values of 1958 are with precision
Correcting In hoth \9 and Fle 10, the V'lines with and  on the dhp line_deduced from the trials, on the newl¥ built ship.
against wind for the A V of the Tables qlves new V lines: these  The T values of 1958 are somewhat below the line of the newly-
néw V lines are very close and the meanline between them gives  built ship.

P
R

oN
=

TABLE IV
dhp Corrections for Still Air Condition, September 1958 Trials
rpm V, dhp dhp«. dhpa V,” AV, V,, AVa
8 12-55 2,200 2,180 2,315 12-66 0u 11-92 0-63
90 13-28 2,615 2,590 2,140 13-40 0-12 12-67 0-61
% 14 02 3,130 3,100 3,270 14-15 0-13 13-41 0 61
100 14-75 3,130 3,700 3,880 14-86 01 14-17 0-58
EoE b o o= ow o
115 16-70 6,060 6,020 6.200 16-81 0n 16-32 0-38
Vj is the provisional “Still air speed,” mean of V* and Va
TABLE V
Thrust T Corrections for Still Air Condition, September 1958 Trials

rpm V, T, T,,. T,, V,. Avw V,, A V,,
85 12-55 24-4 2 1 25-4 12-70 015 12-05 0-50
90 13-28 27-3 21-0 28-4 13-42 0-14 12-16 0-52
% 1402 30-7 30-4 3-8 14-15 0-13 13-53 0-49
100 14-15 34-5 34-2 35-1 14-81 0-12 14-25 0-50
S D SN .+ SN/« S ¢ B N -+ S
115 16-70 A7-T 47-4 49-0 16-80 0-10 16-25 0-45

Vi is the provisional “Still air speed,” mean of V*. and \ a

10
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Fig. 11.—DHP comparison of the sandblasted ship with THE
NEWLY-BUILT SHIP
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Fig. 12—Thrust comparison of the sandblasted ship with the
NEWLY-BUILT SHIP

If it is copsidered that the thrustmeter had not the same
accuracy gs the torsionmeter, the conclysion is evident: the hull
surface “of September 1958 is hydraulically equivalent to the
surface of the newly-built ship. _

There Is an argument against this method of comparison of
the trial results. The discrepancy Dbetween the Admiralty
coefficients in light and_ loaded cordition is important. Thqt
difference, however, Is slight at the higher speeds and the experl-
menters fortunately had a %roup of Tuns at a speed of nearly

7 knots. _In the h|gher part of the cyrves ?hp ang T, obtained
by correcting the redults of the trials in ballast and loaded con-
dition of the"newly-built ship to the displacement of 11,640 tons
these curves converge, so far that the discrepancy in_the corrected

hp.and T values Ishere not more than 4 per cerit.  This validates
the interpolation. _

Flna_ll>{, the progulswe_ efficiency ehp/dhp is calculated for the
new trigls, Table VI gives this ‘propulsive efficiency, it being
assumed that the thrust deduction coefficient is the same as given

TABLE VI
Propulsive Efficiency ehp/dhp, September 1958 T riats

V, knots T, tons I dhp ehp/dhp
13 25-3 0 213 2,320 0-794
14 29-6 0-217 2,940 0-785
i 34-9 0-221 3,800 0-763
16 4 3 0-226 4910 0-741
i 48-8 0-230 6,300 0-7121

ehp/dhp must be reduced by 3-5 per cent

il

by the 1954 N.P.L. model tests. There is further an error in
that the speed used for the calculation is the computed still air
speed, not the actual speed.

0€0

d.
0-76

n.
g 072
070

0-6

Fig. 13.—Propulsive efficiency comparison of the sandblasted
ship with the newly-built ship

In Fig. 13 this propulsive efﬁ_uencp]/ iIs compared with the
Propuléwe efficiency ?btalned [during the 1953-54 trials. There
s no deterioration “of propulsive efficiency. Hence, comparing
th, results in comparm_% the resistance values.

n conclusion, it Is evident, from the pitot traverses as well as
from the measured mile trials, that both hull conditions, newly-
Eulljlitv a?gr?t five years old but sandblasted, are hydraulically

there IS an apparent inconsistency between this conclusion and
the roughness measurements, Comparlntg the curves of the
mean apparent amplitudes and the curves ofthe ratios amplitude-
wavelength In these two conditions (Fig. 6), one would be
Inclined to conclude for a substantial difference in resistance.

It must be said that the roughest part of the ship Is located
between light and loaded waterline, and_ this part was only a
little 1immersed during the measyred mile trials at Polgerro.
When fully loaded theeffect of hull roughness on ship resistance
m|ght be more evident than at the present trials.

But it 15 clear from the Polperro trials of this_sandblasted
ship that the asgect of the roughness of hull surface 1s more
m”)ortant than the ab_solltte_value of the helght of the ﬁspermes.
Allan and Cutland, in their study of artificial roug nesses/6*
have shown that the roughness resistance coefficient ofa corruga-
tion is maximum_ for a Tatio amplitude-wavelength 0 06, This
Is exactly the ratio_amplitude-wavelength of the“hull surface of
the Lubumbashi after five years’ service hefore sandb]astin
Fig. 6). This means that, due to the aspect of the asperities 0
he“hull surface, \he _rou%hness of this _shlg became critical, and
any operation, altering thoroughly this aspect, could not but
lower substantially the'ship’s reSistance.

6. Service Performance before and after Sandblasting

It has been shown, on the basis of the measured mile trials
run_ at_Polperro when the ship was pew and these trials run
again five years later but with a sandblasted hull, that both hull
surfaces were hydraulically equivalent and Induced the same
resistance, Thus sandblasting' of the hull of the five-year-old
shi Wﬁs full%/_effectlve._ _

s there mignht remain some doubt about this statement, due
to the aploarent_ roughness of the surface after sandblasting, it
IS certainly of intergst to give the analysis of the service per-
formance data of this ship—

(1) when she was newly built, during her maiden voyage;
(i) when she was five years o]d, before sandblasting:
(i) when she was five years old, after sandblasting.

The author was fortunate enough to make the maiden voyage
with the Lubumbashi and an analysis of the performance data of
this first voyage(2) showed a very _%?od correlation of the per-
formance of the newly-built ship with the results of the Polperro
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measured mile trials. During this first voyage, from Antwerp tg
Teneriffe, the weather was Qenerally finé, and the power angd
thrust data in calm weather Were practically—with a very small
sc_atter!n[q—on the still air line deduced “from the meéasured
mile trha S. : :

In the second Lubumbashi paper(l) a detailed account was
given of the effect of foullngr_and deterioration_of the hul] on
Ship’s resistance during the irst three years of the life of the
vessel. The author Is fiow In a position 1o complete this picture
and the best way to do this consists in analysing the service
a/erformance datd of the last voyage of the ship béfore the hull

as sandblasted In 1958, _

This last voyage, from New York to Rotterdam, in July 1958,
ha gened in ideal weather conditions. In the be mmntr} of the
voyage, during three days, wind was south-easterly, force 2 in
the scale of Beaufort the first ang the second day, force 3 to 4
the third day. . The fourth day wind was north-edsterly, force 2.
Then during six days the wind and sea were following, varying
from west-north-west to west-south-west, force 2 to 5.

The mean displacement during the voya%e was 14050 tons,
the mean speed 15 03 knots, the ‘mean revolutions 106-9 rpm.

Two series of diagrams were taken:

) V15 knots, dhp = 5,003 rpm = ;

(fi} V = 145 knots, th = 5,009,prpm .

dhg s, obtained from jhp, the mechanjcal efficienc

%%g ed from the results of the measured mile trials ofSez
Interpolation on a base of dhp/rpm3 gives for the whole
V0 age a mean dhp = 4,982 for a mean spéed V = 15-03 knots
and d mean rpm = 106-9. _

_Comparlng these data with the data of the measured mile
trials, in loaded condition January 1954, corrected to still air
condition, results in an increase ‘of power of 20-6 per cent,
sag 20 per cent if some allowance is made for the third day,
when the wind was Beaufort 3 to 4 south-easterly.

This 20 per cent congists of a part due to deterioration and a
part due to_fouling. The ship was three months out_of dock
and had su_fferfed from_some fouling. 1t is somewhat difficult to
estimate_this effect of fouling. _ _

The first year of the life”of the vessel, this effect of fouling
for three_ months out of dock 1s 6 per cent. Later, after five
%ears, this effect is certainly less, probably about 3 w_r cent,

ecause the hull surface is already detériorated.  With an
allowance of3Per cent for this fouling, the effect of the deteriora-
tion of the hull surface on ship’s résistance s estimated to be
17percent. This increase of resistance is calculated on the engine
developing her full rate of service power, say 5,000 dhp.

107-5
= 106-2

hein
tembe?

Fig. 14— Effect of deterioration of the hull on ship’s resistance

A new diagram showing the increase of resistance due to hull
surface deterioration during five years is now given n Fig. 14
This new dwram completes the diagram which was given before
and it 1s now established:

(1) That the effect on ship’s resjstance of the deterioration of
the null surface does not increase in a linear relation to
thf numper of y?ars’ service of the ship, but that the

) Thretattﬁon X pﬁrab? tlﬁ d mile trigl in 1958
at the results of the measured mile trials rup in
showed that sandblasting brings the hu?l surface again
to the newly-built condition, hence that for this Ship
the effect of deterioration of 17 per cent as well as the
E‘gesﬂn%f fouling of 3 per cent were taken off by sand-

Again, an analysis of the service performance data could be
made for the first onage after sandblasting the hull in 1958,
Unfortunately, the only part of this voyage that took place in
good weather conditions was the trip "New Yaork -Rotterdam
and no diagram was taken during this trip, . That I WhY the
comparison-with the maiden voya#_e of the ship in 1954 15 10 be
made on a basis of the fuel coefficient A23V3IT, where A is
the d|splflce elnt In tons, V the mean speed In knots, T the
mean daily tuel consumption in tons.

Antwer -Con%o-

During” the maiden voyage of the sh|g

Antwerp” in 1954, as well "as dyring the trip New Yark-
Rotterdam in ‘1958, the sea was mainly moderate and following,
the mean of sea state peing 4 in the scale of Beaufort. [t s
known that this state of sea’is very near the ideal sea condition.
The mean dlsiJIacement was 14550 tons during the maiden
voyage and 13,100 tons durmg the voyage New Y ork-Rotterdam.
The Yuel coefficient was 92,500 for ‘the maiden voyraﬁ,e against
92,000 for the voyage New York-Rotterdam. IS _Means
that on a baﬂs of the fuel coefficient the Lubumbashi,. after
sandblasting the hull, came back to the newly-built condition.
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DISCUSSION

The Chairman, Mr. J. M. Murray, MB.E., B.Sc. ((iVme-
President, R.LN.A.): This is a very important. Faper and one
which | am sure manyr people will ‘read and will refer to quite
often in the futyre. This Series of papers on the Lubumbashi
Prowdes the basis documentation of the propulsion results for
he ship; and It says_ve’r\% much for_ the public SPIFII of the
owners, the Compagnie Maritime Beige, S.A., that they have
taken all these ﬁartlcular%. _ _ o
_There are a number of questions which come to mind imme-
diately, and I have no doubt that they will be posed in the course
of the discussion.

M. G. Dufour (Member) (Read by the Secretary): When it was
suggested to carry out neiw sea tridls with the n"v. Lubumbashl,
affer sandblastln% her hull, the owners agreed immediately with
this proposal as t e%/ expected this would ?lve them more reliable
Information anout the efficiency of the hull treatment than could
be gathered b%the statistical “analysis of the performances of
several other ships which were already sandblasted. ,

It must be said that trials were run’indeed with all these ships
after sandblastln_? of their hulls and that their performances on
the measured mife were compared with those obtained with the
newly-built ships, However, since they were not fitted with
torsiometer, nor thrustmeter, nor_ Pitot Iog, and that power had
to be computed from Indicator diagrams on a basis of estimated
mechanical efficiency the results of these trials could nof have
g;(e e(rjier%reenetsOf accuracy obtained by Professor Aertssen’s new

Nevertheless, our trials showed, within a limit of accurac?f
estimated at 2 to 3 Ber cent that, after sandblasting, the hull
condition js comparable to what it was tqr the newlybuilt ship.
This wag further confirmed by the statistical analysis of voyage
records from whom 1t appearéd that, for the first year of opera-
tion after hull treatment, the mean power allowance on tank

predictions was nearly the same as for the first year the sh|?,s
went to sea. It appedred also from this analysis that the benefit
of fuel consumption amounted to 13 per cent for this first year
and that for the further years this benefit was slowly decreasing.
The effect of sandblasting should disappear after about five
years. Calculated on the whole of this period the benefit of fuel
consumption should largely offset the cost of sandblasting.

Atter her hull was treated In the same manner the logbook
records of the m.v. Lubumbashi were also analysed and, again,
It was found that, for the three voyages she “performed after
sandblasting, the mean value of the power allowance on tank
Predlct_lons comgares verX closela/_ with that obtained for the
hree first voyages of the newly-built ship. o

This conclusion might appéar questionable as it is based on
records of routine measurements which are not accurate and
are Intluenced by weather effect which gives rise to a considerable
scattering of the recorded figures espemall% when it_concerns
the actual voyages of the m.v. LubUmbashi, comprising iwo
crossings of thie North Atlantic. Table VII related to the first
voyage after sandblasting should emphasize this, _

onsidering the crossing New York-Rotterdam, which was

gerformed In-a following sea, it a?pears that the hull must have
been very clean. For the'other pertormances the power allowance
IS affected by weather effect, esveemall for " the westbound
%reOanSIsnega of the Atlantic which was pérformed in a nearly

It might be interesting to give here also the performances of
the ship.on her maiden voya%e: for a displacement of 15,550 LT
she realized 15-12 knots with a mean power of 4,785 dhp_and
a fuel consumptign of 22-20 tons for_ propulsion onI&/. This
%_orrespfogds t0a E:Adm 0t 429 and an allowance on tank predic-
ions of 9 per cent.,

It must be considered that the weather effect on the Congo
route 1s less than on the voyages with North Atlantic crossings.

TABLE VIl
Weather.c nqition Mean di’glelgne- Meag Mean Mlean i'ﬂnrﬁz{):grs- Mean C P?Wer
G s e BB {%‘f@? W b B
0
Plymouth-New York  Bft 34-NW/SW. 20 % 10950 1470 1088 67 2585 550 60400 280 6l
PhlladeIBhla-Boma. Bft. 3-E./S.E. 79 9250 1625 110 -1-9 241 5185 78500 365 9
Luanda-Philadelphia  Bff. 3J/4-SJE. % § 1580 153 1098 35 50 530 080 & B
New York-Rotierdam ~ BFt. 5-N.M 4 5 13300 BAL 1004 -02 243 5230 9280 42 0
Mean for round trip 230 12350 1562 1005 17 2458 5200 83100 34 16
TABLE VIl
\Weather.condition Mean M ConsuB\r- Mean p
. h _ ed an Wer
GRITED  em o M U i W e adn G
0
Antwerp-New York  Bft SNNW/SSW. %™ 11350 1504 10704 34 2655 5710 64700 &
HalfacMatadi Bt 3-S.S.E/SW. 19 § 10400 180 1092 025 2721 b8’ 68900 30 %
Matadi-New York .. Bft SNEINNE 2 4 1440 D6 100 005 2645 5600 86200 At
New York-Rotterdam Bft. 3-N.E/N.N.E. 19 1 10500 16-52 109-2 -4-3  26-47 5690 81.700 380 5
Mean for round trip A9 10650 1571 1083 -0 06 2592 5500 77500 38 2
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According to our experience the difference should amount to
8-10 per Cent. Hence the power allowance on this route should
have ‘heen 9+ 8(10) = 17(19) per cent, which corresponds
nearly to, the 16 per cent recorded for the first voyage after
sandblastlnq. We may conclude aPam that the hull“condition
was nearly the same as for the newly-built ship. _

VIY%%QQ/ ?I Iafter sandblasting gave the results shown in Tables

The mean weather conditions were nearly the same as for
the first voxage shown jn Table VII. Hence | m%y be.congluded
that, within an nterval of 6 months, there is a deterioration of
5 per cent due to foullnP of the hull. _ i

Obviously these conclusjons cannot be considered as_definite.
The sta(ps,tlc,al w?y of anal im% voydage performances is a Ion%
one and Jt is only after collecting ‘data for numerous voyage
that a reliable figure can be reachéd,

Therefore we agyemate very much the work dope by Professor
Aertssen as it permits us to"have a more precise idea of the
behaviour of our ship before and after sandblasting.

[t might appear somewhat surprising_that the performances
after sandbolas mg_compare 50 closely with those obtained with
the newly-built ship since, according™to the roughness measure-
ments, the hull surface was not the same as in" the initial con-
dition. Owing to corrosion inegalities remained on the surface
and Professor-Aertssen relates that their amplitudes were three
times larger than for the new ship.. This seems, however, not
to have influenced the hydro?ynamlc_ %ughty of the hull. Qne
must conclyde that these small asperities due to corrosion pitting
are softened by the hull painting and that their effect on resistance
IS not So severe as some Reople suggest. What seems more
Important to consider is the deterioration due to local ust-
bllst%rs angd to d|sap[€]ear_ance of paint, which creates inegalities
on the hull surface avmg a ratio amplhitude-length _exceeding
%ometlmes the |jmit of 0-6 indicated by Allan :il_nd Cutland as

eing a permissible maximum. _ Therefore we believe that, from
the point of view of ship’s resistance, the %ual_w of paint ang
the care taken by its application Is just as infportant as all
attempts to reducé corrosion. However, this does not invalidate
the usefulness of anti-corrgsion devices as a means qf preventing
premature thinning of hull plating and leakage at riveted joints.

Mr. F. H. Todd, B.Sc., Ph.D. (Vice-President, R.I.N.A_(.}:
Professor Telfer has said that further important information
might be gleaned from these trials if further model tests were
carried ouf and has suggested that this might be done at N.P.L.
We are, of course, very good friends of Professor Aertssen, who
has made observatjons ot the full-scale ﬁerformance of some Bel-
%an cross-Channel ships for which we have tested models of the
Ships and have provided him with the results, ~1f he thinks there is
more to be learned from further model tests on. the Lubumbashi
Lshould be very glad to discuss such possibilities with him.

It 1s on%( of mly [esp%n3|bll|t|es as the_SuPerlntendent of g
tome tank to predict the power for a ship from the results of
model tests. _Usualldv when' the latter are carried out all that Is
known of the finished ship 1s that she will have a riveted, a welded,
or a partly welded hull. “We know nothmq, about the roughness
of thae final pamA nor any details as to the time elaﬁsmg betWﬁen
the docking and the trials. In other words, with such rather
meagre knowledge we have to predict what the condition of the
ship’s hull surface will be In three years’ time. For this reason
we are very Interested to hear from“anyone who can tell-us how
to _imprové the power prediction.

There are a number of things which affect the roughness of
the hull of a new ship. . The Stryctural roughness will depend
upon whether the hull is riveted or welded, while the paint
roughness will depend both upon the preparation of the plating
before and during the building and upon the care with which the

Falnt I agaplled. This is the conﬂltlon_ln which we are Prlmarllx
nterested hecause In general the shipouilder 1S Interested |
what the ship will do on the trial trip.” The owner, however, Is
more Interested In what _haﬁpens afterwards during the ship’s
life and the performance is then affected by the corrosion of the
plating, the fouling of the ship's surface, and the treatment on
successive dockmng._ Over the last ten_or twelve years, in con-
unction with the British Shipbuilding Research Association, we
ave carried qut refsearch into the correlan%n between the shi (?
power as predicted from the model test and the power as measure
on trial, * The results of some of this work were given to The
Institution last n%/ear_ bX !\4r. Clements. ~ This, correlation
emphasized the magnitude of the differences which can occur
among new ships and even among sister ships. In one group
of six_sister ships, all tankers, all ‘new, which had been out of
dock f?r less than 20 d%ys and were ryn in %ood weather, the
power for the same speed varigd as much as 2 Per cent.  These
differences do not cover deter_lor%tlon of the surface itself due to
corrosion or fouling and 1t Is in this area that Professor Aertssen
has given us some most valuable information. _

| would like to comment upon Fig. 14 in the_gaper. | think
one might get the impression that the deterioration of the ship’s
surface was very rapid at first but was graduall¥ falling off and
that Its effect on the_ship’s resistance was only 17 per cent at the
end of five years. This, of course, is not the case becayse the
Shlrp waf],_ in fact, docked, cleaned, and pajnteqd several times
dufing this period, and the curve shown in the figure Is really a
curvejoining up the performance figures for the ship immediately
following each docking and cleaning. The 17 per cent deterjora-
tion  therefore re&rese_nts the difference between the clean,
freshl¥ vainted new ship and the cleaned, repainted ship at the
end of five years. It is therefore to a large extent a measure of
the_corrosion effect. . _
_ One of the surprising conclusions we can draw from the paper
is that when the measured roughness was some three times as
9re_at as on the new ship the power absorbed was the same. In
rying to find the reason for this | would like to mention some
work™ done on this subject in_the United States by Mr. C. J.
Posey of the State University of lowa. |fwe imaging'a roughness
having a cross-section like a north light roof it will at once be
obvious that the resistance will be “ifferent if we run it In
gﬁferent directions because the slope of the roughness facing the
low will be different in these two cases. Thus the resistance Is
not going to depend only on the amplitude of the rou%hne_ss Y,
but also on the slope dy/d x. ~Also one might expect that if the
tops of the roughnesses are rounded off inStead of being sharp
the resistance would agam be different and the roundness of, the
roughness would be & function of d2y/dx2. For any gjven
r?uqhne_ss record the groflle_can be anaIP/sed %y means Of ﬁ”
electronic computer and hlstoqrams epared” showing the
distripution of the different values of dy/dx and dyldx2
Mr. Pose¥ showed that by means of such histograms he” could
correlate the roughness with the approH_rla_te SPECIfiC resistance.
| would like 1o su%gest that perhaps this is the reason for the
differences which Professor Aertssen has found in his frials.
Atter the ship has been in service for a long time, the roughn,ess
record is likely to be 8ne of considerable amﬁlltude and_havin
some rather sharp edges and points. Perhaps the effect 0
sandblasting is to round off these an?Ies and_points and thus
reduce the Tesistance although the surface is still far from what
we mag (iall smooth

smooth, . .
_ | shoula like to thank Professor Aertssen for his persistence
in foIIowmga up his earlier work on the Lulﬁumbashl and for the
very great amount of data he has given the profession  in this
field. ~ Obviously there is a gre t deal in the gaper which one
can only absort after much Stuay and it will remain a valuable

source of reference.
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Mr. H. J. S. Canham (Associate-Member, R.I.N.A.): The paper
describes what at first sight appears to be a remarkable piece of
work. There is apparently good correlation between the per-
formance of the Lubumbashi at the end of five years in service
immediately after the hull surface had been sandblasted and
repainted, and the trial performance of the newly-built ship.
This correlation is indicated by comparison of trial performance
data, surface roughness data and pitot Io?_traverses. This could
be a very significant result because it implies that the attainment
of a _h_){_drodynamlcally smooth ship, Is well within Pracncal
capabilities. Unfortunatelkll there are inconsistencies in the data,
In"common with so many trial Perfor_mance_ results.

Fig. 6 Indicates an “important inconsistency hetween the
measured roughness and the performance of thé ship, unless it
IS accepted that the difference In mean aPparent amplitude of
roughness hetween that for the pew hull “condition and that
after sandblasting would not, in fact, materially alter the resis-
tance of the hull. ~ Unfortunately, the range of freguenc covered
In Fig. 6 does not Include thé frequenties used at B.SR.A.
wher€ efforts have been concentrated so far on frequencies of
mand 2 per inch, Assuming that 1t is permissible to do so
extrapolation of the curve of mean anarent amplitude against
the frequency for the sandblasted hull to a frequency of 4 per
Inch gives a. mean apparent amplitude of 8,000 microir, Rough-
ness and trial performance data gbtained by B.S.R.A. sugﬁ,est
that with a mean apparent amplitude of this order the Ships
concerned have greater resistance than for the hydrodynamically
smooth con?mon. ,

Presumably the purpose of changing the propeller was to
obtain a more efficient propeller, in which case a somewhat
nigher proPuIswe efficiency might be expected, everything else
bemg eqﬁja. For_a_gwen on?mon ofthe hgllsurface any mcrgase
In propulsive efficigncy should be shown by a reduction In dnp.
Such a reduction in dhp could well be masked by an increase
due to the Increased. roughness of the hull after sdndblasting.

The figures given in Table VI for propulsive efficiency do not
aﬁpea[ t0 be correct.  For example, with values of V, T, /, and
dhp given, the 8propulswe efﬁmen% at a speed of 15 knots has
the value 0-738 and at 17 knots has the value 0-697, These
values are significantly lower than those for the new ship at the
same speed.” Perhags the author will look into this point.
This may not be a matter of great significance, since the values
of t are onlgl assumed fo apply to “the shlg, but the %maller
Rropulswec efficient indicates a lower ehp for a (T;lvend p and

ence a less resistful hull after sandblasting than for the newly-
built ship, 1t seems hlghla/ unlikely that this was the case.

Referring back to the data which the author oanaIIy gave
for this ShIE In 1955, it Is noted that a Frouge correfation”factor
of 1 00 was deyived from the trial results qf the new ship. This
value is somewhat higher than the average for a sh|? with welded
hutts and riveted seams and frames, which is about 0-95. Thus
the newly-built Lubumbashi had a trial performance rather
worse than the average. Here again there js evidence to suggest
that the n?w ship was not hb)idrodynamlcallg smoogh.

I therefore seems advisable to obtain more performance and
surface roughness data from_other ships before drawing any. firm
conclusions” about the practicability or otherwise of achieving a
h¥dro%\{)nam_|cally smooth surface on a new or old ship by means
0f san Iastm% or other special bottom freatment. Thanks are
ghu_e to tﬂe author for the significant lead which he has taken in

IS wor

~ Maore details of the new propeller would be welcomed, and it
I rtlopteﬁ tFtlaLt it will be possible for new model tests to be carried
out at N.P.L.

Mr. T. Macduff (Associate-Membe

_ R.IN.A.): The funda-
mental consideration concerning the s

[
hipowner is the economics

1

of sandblasting and painting in dry-dock, weighed against the
cost of fuel saveq by the restlting smooth hull, over a“period of
time, and from the fesults of this valuable investigation it should
be p%ssml_e to determine the desirable econamic interval betweep
sandblasting, operations for the Lubumbashi. It would be much
aﬂpremated If Professor Aertssen could give an economic analysis
on the above lines. . . . ,

Concerning this investigation, the particylars of the new
pro[)eller,_a_lso any sqnn‘lcant (ialn in oPen efficiency over that
of the or|?|nal propeller, would help to eliminate’a possible
variahle. Tt is considered that pitot measurements in the vicinity
of the propeller, might have permitted an assessment of the
chanﬁe In frictional Wake arising from change in hull surface
roughness. — Professor Aertssen’s opinions on the resulting
\é\{g{(eedgam in propulsion due to hull roughness would be appre-

Due to the abrasive nature of the sandblasting process, the
Bosslblhty of accelerated hull surface deterioration from sand-

lasting cannot be discounted entirely, and thus suggests the

desirability of still further sea trials for the Lubumbashi which
would be of great interest.

Mr. A, Simpson §Assomate-Membe_r, R.I.N.A.): Reference has
been made to the erfects of sandblasting on the foughness of the
hull. ~Were measurements made of the'mean thickfiess after the
first five years of fouling, corrosion, and sandblasting? It there
Were any serious reduction oftotfll thickness, the initial thickness
would have to be corrected to allow for this.

Mr. A, E. Franklin (M.IMar.E.): A point occurs to me which
the author has not raised In his paper.” If one.assumes that the
hull had not been sandblasted at the end of five years’ service,
It could e exi)ected that subsequent deterioration” between dry-
dockings would be more rapid owing to the poor adhesion of
anﬂ-& frosive and,anu-fouhn% Bvamts on the roughened surface.
In addition to_?wmg the underwater surface, what 1s, In fact, a
new lease of life, sandblasting would also decrease the rate of
deterioration between subsequent dockings.

Mr. E. Wellman (Stud. R.I.N.A.{: In the text of the paper,
ahove Fig. 5, the author states that he took some 100 profiles
ggné%?asqiunll before sandblasting and some 200 profiles after

This bnr?gs to mind two important points. Firstly, for the
Rurgose of ?] statistical analysis, one would %ssHJme that it I
necessary to have more profilés for the rougher hull. - From what
IS stated In the, paper it aﬁpears that a” considerably greater
number of profiles were taken after sandblasting, which s a
reversal of normal procedure. _

Secondly, an examination of the photoPraphs reproduced in
the text reveals_that there are aﬁprommate y ten profiles on each
Photograph. This suggests that only ten photographs were
aken "of the hull beforé sandblasting. The areas chosen may
have been representative of the whole surface, but it does seefh
a rather small. number. PerhaPs Professor Aertssen would
comment on this and tell us how the areas were selected.

Mr. D. W. Webb (Associate-Member, R.IN.A.): Professor
Aertssen has devoted a lot of study to ship performance per-
sonally.  Inhis comparison, on the last Fage of the paper, he
refersto_the service performance data of the ship on the last
voyage, from New York to Rotterdam.  Will he %w_e his opinion
0f'the value of that data as compared with that of his own data ?
He visits and sails on these ships, but now he Is speaking, |
Rresume,dfrom observations which the staff of the Lubumbashi
ave made.
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Mr. J. M. Murra%, M.B.E., B.Sc. (Vice-President, R.I.NA.%:
| would like to ask Professor Aertssen a question about FIH. .
| ‘have looked up the paper by Allen and Cutland and have
found that the reduction of the amplitude/wavelength ratio
from 0-06 to 0 02 would_halve the_excess resistancg, on the
assumption that the amplitude remained copstant. Allen and
Cutland showed from experiments on the resistance of a surface
with re(I;uIar corrugatmns that Cf is proportional to ht/a for
constant speed, when h/a is the amplitude/wavelength ratio,
and t1s the distance affected by the transverse oscillations set uR
by the irreqularities. The effect of sandblasting Is to, reduce
and with it't, so the reducélon of re5|st%nce on this basis Is mu%h
greater than the amplitude/wavelength ratio parameter would
Sl% est. fIn adtdhmonl the sa?d%astl_ng has remotvedothethaspgrlty
of the surface, thys giving a further improvement. On this basis
the effect o? sangblgstln on the Lubupnbashl seems reasonabfe,
and | wouyld like Professor Aerts_?en’s comments on this aspect.
| trust the trials on this ship wi

| continue.

Mr. R. Cook, M.Sc. (Chairman of Council, 1.Mar.E.): Having
seen something_of this type. of investigation at fairly close
quarters in the British Shipbuilding Research Association | am,
although a mere enginegr, weII,ac%ualnted with the many pitfalls
and possible_sources of error in this type of work, Indeed, on
a umber of occasions | have watched Mr. Canham ang
colleagues making an a omsz
an endeavour to make them fal

| am therefore full of admiration for the manner Professor
Aertssen has managed to obtain results which fall into line with
each other, and | must congratulate him on his work. It seems
fo me that on all counts our two Institutions are fortunate to
have_hls,i)a er presented to us at this joint meeting, and | am
sure it will Torm a very valuable addition to our Transactions.

It gives me great pleasure to propose a hearty vote of thanks
to Professor Agrtssen.

his
_re-aPHrmsaI of their results In
into line.

Written Discussion

M. Jourdam_(‘M.I.Mar.E.%: Professor Aertssen mentions that
the propeller fitted before the last sea trials of the Lubumbashi
was a new one, but it does not appear from the paper that he
considers this fact as important. _ ,

In my oglm_o_n, sugported by one shipowner at least, there is
some probability that the overall aeterjoration pr VIOUf|y
measured would not be due to the hull rothness only, but also
t? some extent to the,ErOPeIIer_roughness; should like to know
It Professor Aertssen'shares this vigw. _

The question has not only a theoretical interest, because if
the propeller is responsiple for a fair amount of the deterioration,
this one can be reduced by repolishing It, an operation which is
not t?o expensive to bé repeated at shorter intervals than
sandblasting.

Professor E. V. Telfer, D.Sc., Ph.D. (Vice-President, R.I.N.A.):
Once more we are indebted to

Professor Aertssen for an excellent
and Informative paper.

| have been particularly .intrigued by the lines running
across the Ipa,mt %hotographs,ln Flgs.3t? 5. Presumably these
gmig%e profile bases” of Fig. 2.° Could Professor Aertssen

ten us?
Professor Aertssen: A glass set upon the hull surface is marked
by a series of parallel lines. A bundle of rays falling obliquely
on these lines gnlarges the height of the roughiness asperities, the

7%

amplification factor bein%_ The asperities, traced In_this
wag on thenPhoto raﬁh, |?_. 3 are then worked out by micro-
photogrammetry to the profiles A of Fig. 2.

b3
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Professor Telfer: Thank you. Now | understand the
graphs.  This work 1s undoubtedly extremely useful
warthy of much emulation. | would st_ronqu recommend the
British Sh|pr|Id|n%1 Research Association 10 consider similar

Itot tube tests on their ship rials eneraII%/, since the Informa-

0
It

hpte:

ﬂon they give should certainly enable us to reduce the gap in
our knowledge betwe%n ship and mod?l. hould be apPre-
clateq, nevertheless, that this very useful method does not as
yet tell us anything about structural roughness. The pitot tubes
are Installed “away from the riveted ﬂlae seams and the paint
aﬁpears to be sufficiently thick either to cover or at least
erfectively reduce the frdme. rivetin prosjecnon. It foll?ws,
therefore, that the pitot specific resistance Is only a sample of the
actual frictional resistance; and this is likely”to be distinctly
|?her than the measured valye. This latter’ will be a correct
value, however, for an aII-weIdeg ship and theref%r,e ofters_a
very. valuable means of quanfitying’ minimum _ship specific
frictional resistance.  An “analysis of Allan, Canham, and
Clements’s (B.S.R.A.) work suggests that this is not likely to be
less than (1-2 + 3-5/L|) and Will be independent of Reéynolds
number. ~ Corresponding to the 35 constant, Professor
Aertssen’s data give an average value of 3+18 for the sandblasted
sh|£ 3-44 for the new ship, and 4 -45 for the clean ship (August
1954).” There is, of course, a question as to the Intrinsic accuracy
of these results, but in any case their mean_is not far from the
3¢5 value deduced from the B.S.R.A. data. This value presumes
that the ship surface aIthou%h apparently commermaIIX,smooth,
Is actually ‘technically rough. 'In Professor Aertssen’s earlier
work his”data seemed to Show a Reynolds number effect, |
wonder if he now still feels the data are in fact influenced by
Reynolds ngmll),er?, _ o

ouling influence is concerned a recent re-examination

0 faras
of the ve(rjy extensive tests carried out bY Hiraga on the old
Japanese destroyer Yadachi clearly shows that fouling resistance

Increases directly as time out of dock

time out of_dock,_depending upon the Surface deterioration

before p_alntln%. The worse” this deterioration the higher of

course will be the added resistance, but curiously enough painting

does not agrEetﬁE to rhave any effect until the fouling Is actually
Su

beyond a certain Initial

rougher th surface deterigration. ActuaII?/, If'the slope of
the “ultimate foulln_(t; resistance line 1s extrapolated, back to” zero
daYs out of dock it 1s found to start from the original smooth

hull condition. The Yudachi tests, already nearly” thirty years
old, certainly have lessons very valid today. They clearly show,
for example; as Professor Agrtssen’s tests also Show, that the
original smoothness cannot he regained by painting hut on(ljy
bY remov%the surface deterjoration as, for examplg, by sand-
blasting. The Yudachi data do not show the increase varylnq
as some frictional powey of the time out of dock. The actua
resistances Increase itself is, at constant sPeed, lingar with time.
Asthe Yudachi datla are explicyt, | feel that they must be respected.
In the absence of the Yudachy my own experjence suggests an
Admiralty constant or power loss varying as the squareroot of
the days out of dock. ~Further data ‘are undoubte_dly [e%ulred
to decide the issue, but in any_ case surface deterioration Is a
real thing and can take place mitially very rapidly. Painting at
more_frequent intervals than usual may Slow %own the rate of
deterioration just as Professor Aertssen has shown. | believe
that this ﬁrob,ably explains the Ygdachl contradiction.

In connection ‘with the Lubumbashi trials Professor Aertssen
states that he derives his average speeds by applyln? the mean
of means method hoth to the Sighted speeds over the ground
and to thepltots eeds. This me _og IS not correct. Thé mean
of means Is only accurately applied under a lingarly varying
tidal condition, the basic idea being that by taking the mean
of the first and third runs this Is very nearly simultanéous in time
with the second run and can be justifiably averaged with it.  The
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pitot readings are not subject to such tidal influence. All results
carry equal weight and should therefore be SImE| averaged.

One point in conclusion. Professor Aertssen States that for the
last trials a new propeller was fitted. As this was slightly but
| suppose deliberately, different from the original it would
undouhtedly add to thé value ofan already splendidly informative
pafJer It Professor Aertssen could include a plan of a new pro-
Pe ler in his reply. It the new propeller is a proprietary design
he comparative ‘Issues raised by Professor Aertssen may not be
s0 clear cut as they now appear'to be.

Author’s Reply

In the first place | must say that | was very pleased to obtain
from Monsieur Dufour, General l_\/IanaPer of the Compagnie
Maritime Beige, some more statistical nformation on the
performance Of the sandblasted Lubumbashi, which | think is
conclusive in this matter. _

From Table VII it may be concluded that the Lubumbashi, after
sandblasting, was refréshed so far that her performance was
again that “of the newly-built ship. It is Perhaps somewhat
nazardous to conclude from a comparison of two single voyages,
the maiden voyage of this ship and the voyage taking place Tive
years later, |mmed|atele//v after sandblastm&;| two voyages with
quite arfferent types of weather. that the hull surface tame back
to its newly-built condition. But, as Mr. Dufour emphasizes
the crossing New York-Rotterdam, which was part of the first
voyage aftér sandblasting the hull, took place in a following
wind-and sea, 4.to 5 in the Beaufort scale, which represens an
ideal sea state without gain or loss of speed, Now the Admiralty
coefficient Ca for that Crossing is exactly the Sﬁme as Cafor the
newly-bult ship .in still air.” That means that the ship has
regained her original gerformance as when n_eWI)( built, _

ne remarks Of Professor Telfer concerning the information
on roughness and minimum ship specific frictional resistance to
he ﬂ]alned from pitot traverses are to the point. The hull surface
of the Lubumbashi, as well in the newly-built condition as five
ears later when she was sandblasted, vias remarkably smooth:
his Is shown by the pitot tube tests as well as by the propulsion
data. But there remained indeed a certain roughness on this
hull as compared with the hydrauhcallg smooth surface. No
effect of Reynolds number can'be deduced from the last measured
mile trials.” This Reynolds number Js 3 x 108 for pitot log Pf
against 5 x 108 for pitot log P2, while the computed frictiona
résistance data from' the traverses are pr,actlcallg the same for
both logs: 0 00174 for pitot log Pj against 0 00171 for pitot

log P2. " : .

qt Is difficult to say whether there is an appreciable effect of
the roughness of the seams on the traverses of the pitot tubes.
There must be some effect of this roughness, as the traverse does
not give the local frictional resistance but integrates the resistance
over the whale of the surface from stem to_ the place where the
pitot tube is installed. A great number of pitot tubes distributed
around the hull must certainly give a more reliable figure of the
overall smoothness. The traverses indeed are a good means of
comparison of hull surface state and mainly therefore they were

us%d IP this WO[ y : :

_Professor Telfer's comments on the fouling and the deteriora-
tion of the hull surface are welcome. The effect of surface
deterioration, by corrosion essentially, and further the effect of
fouling, bg barnacles and sea grass, were treated somewhat con-
cisely In Section 6. And | am glad that Professor Telfer and
after him Dr. Todd have clarified our ideas on these sources of
resistance increase, which are really separate but which converge
to the same effect. In the beginning of a ship’s life, the effect
of fouling is important, some 6°per cent for the first three months’
service, but later on this effect goes down; it Is 9 per cent after
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six months and 12 per cent after a year’s service, This is roughl

Lper cent for a month’s service, "When after that year the shi

IS dry-docked, cleaned and painted, the surface doeS not resume
its newly-burlt condition: there remains an unevenness which is
due_parfly to corrosion, partly to broken paint coats, and partly
to imperfect cleaning. "Herice the resistance Is increased &s
comPared to the resiStance of the newly-puilt ship, and that Is
what Is called here the effect of deterioration of surface. When
now, let us say after the second year the ship is dry-docked,
cleaned, and painted again, the hulf surface does not come back
to Its_condjtion after the first_dry-docking and painting,. but
there is again an increase of resistance, due o further detériora-
tion of the surface. The rate of increase of resistance due to the
deterioration that second year, however, will be smaller than
the increase of the first year: we leaned that pecujiarity from
Kempf's work on the éffect of roughnesses: ‘adding a same
amount of deterioration o a hull sufface does not double the
Increase of resistance. This explains the parabolic form of the

curve of Fig, 14 _

On the other hand, once the hull surface deteriorated, the
effect of fouling on ship’s resistance will be less than for the
newlﬁ/-bunt ship. And this effect will he very small when, as
on the Lubumbashi after five years” service, the hull roughened
so far that sandblasting could no longer be avoided.

| thank Dr. Todd for having brou?ht out more clearly than
| did in the Raper, the relative importance of deterioration and
fouling of t His explanation gives the true
meaning of ki

It 15" a dls(%urblng conclusion that after sandblasting the
measure( rouphness was still three times as great as on thé new
ship and that the power absorbed was the same. Dr. Todd
draws attention to_the work of Mr. C. J. Posey on the shape
of roughness and its effect on resistance.  This work is to be
compared wjth the work of Allan and Cutland on the same
subject. It Is confirmed that the shape of the asperities of a

roughness is perhaps more important than the height of these

aspérities. _ .
rft IS ver% interesting to hear from Mr. Canham that it is
%ug ested tat In view of the mean a aren(s %m;flltude of a
requency of 1/2 per inch. of the sanablasted hull measuring
somewhat as 8,000 microin,, this ship must have a greater
resistance than for the hydrodynamically smooth condition.
But this does not mean that the sandblasted hull I1s worse than
the hull of the n_ew!jy-bunt ship. And Mr. Canham. from the
measured mile trial data of the newly-built Lupumbashi, deduces
that t?here IS evidence that the new ship was not hydrodynamically
smooth,
Mr. Canham, as well as Professor Telfer, Mr. Macduff, and
Mr. Jourdain, Insist upon more knowledge on the new propeller,
There must be a misunderstanding. The propeller was renewed
after two years’ service, and at the moment of the sandblasting
was more_ than two ){ears on the_ship and was left in its place.
It was a Zeise propeller, the design of which is not completely

nown. - . . .

It is very difficult to give a definite answer to the question of
Mr. MacdUff concerning the desirable economic interval between
sandblasting operations on a ship. This interval certainly must
depend ugon the route followed normally b%/ the ship. Southern
routes are more fouling than northern foutes and conseqeuntly
require a more frequent sandblasting. . For a ship ‘sailjng

frequently In warm waters the normaq interval must be five

ears. . : .
y arhe economic side of the question has been explained clearly
\% Mr, Dufour _%en_eral manager of the shlgpmg company,

ere in his contribution he said that, calculated ovér the whole
of the periog where sandblastmq from experience must have a
decreasing effect on power—for this type of ship and this route

e hull surface.
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att)out five years—the anef_lt of fuel consumption should largely
offset the cost of sandbas_tm(%. L o
_Concernlng the wake in the vicinity of the propeller, it is
W|thout_do_% t that m%ch could be learned from a stud%/ of the
wake distribution In the vicinity of the propeller. Many pitot
tubes, however, are needed then, and Mr. Macduff can Delieve
me when | tell him that it takes a lot of trouble to install a pair
of such mstrumf?nts on. a ship as was done on the Lubumbashi.
The principal efrect of fouling or deterioration, which represents
an increase of roughness, is a resistance increase. Buf & certain
amount ofPowercan be gained from an increasing hull efficiency
due to the Increase of wake. Finally, that increase of roughness
results in-an increase of power, - We have, however, stillmuch
to learn about a propeller working behind a ship, 1fs efficiency
In open water, and its scale efféct, as well as about thrust
deduction and wake. o
Mr. Macduff tears an accelerated hull surface deterioration
and is Interested about further data from the voyages. of this
ship. In his contribution Mr. Dufour has fortunael¥ jven the
answer to that question. It can be read there that, from an
analysis of the voyage data, it is concluded that, within an
Interval of six months after san bla,stmg, the Increase of power
due to fouling 1S 6 per cent. That Incréase of Fower was 9 Fl)er
cent for the newly-built ship, It is known that the season of the
year, the temperature, and time sgent In harbour have an
|anUTn§e, but from these flqure% of 6 and 9 per cent it can be
concluded that there 1s no risk tor the sandblasted ship fouling
more quickly than a well-painted newlg-bunt ship. _
_ Mr. "Simpson questlons_the thickness of plating after the first
five years of the life of this ship, Corrgsion cavities of a depth
of some 0-1 in. and g surface 0f 2 X 2in. were spread over the
bottom. These cavities remained after sandblasting.

SANDBLASTED LUBUMBASHI

| fully agree with Mr. Franklin where he emphasizes that
sandblastlng 8|ves the underwater surface a new lease of life
and 15 a good protection against further corrosion. But one
thing is curjous: the further rate of increase of power would
nave heen less were the ship not sandblasted. "The rate of
Increase 1s worse on the smooth surface of a ne,WI)(-bunt or,
what IS ractmal(lly the same, on a sandblasted ship than on a
very fouled and deteriorated Shlﬂ. The Increase of power after
six'months was 9 per cent on the newly-built Lubumbashi and
0 per %ent on the sandblasth ship_five Xearg later; 1t was no
mare t ran 3ord ger,cent after ejght months’ service when the
null surface had deteriorated b;{ three years’ service.

Mr. Wellman questlons on the number of photographs. It
must be said that 18 hoto%,ra hs were taken before and 22
photographs. after “sandblasting, whereas 100 profiles were
worked out in the crude conaition and. 200 profiles in the sand-
bla?ted congition,  The chosen profiles represent the mean
surface conditign for both states of the hull,

| was very Ypleased by the remarks of Mr. Webb on the data
of the New"York voyage prior to the sandblasting. ~This gives
me_the opportunity to “mention the h|fgh quality of these data
which came indeed from the staff of"the Lubumbashi. For-
tunately, two series of diagrams were taken and it can be said
that the data are in line with the whole of the data taken with
torsionmeter, thrustmeter, and pitot log.

| thank Mr, Murray for having drawp attention to the factor t
of Allan and Cutland which Certainly decreases after sand-
blastm(I;, That (ecrease must have, | agree, a diminishing effect

on frictional resistance, _
It was Indeed gratlfym? to hear from Mr. Cook that this whole
work might havé been of some use, and that if 1s honoured by

Inclusion’in the T ransactions 0f hoth Institutions.
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