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ROYAL ATRCRATT LSTABLISHA_NT
The Air Plow under tvhe Towine Carriages
in the R AT Seaplanc Tank

by
K.M. Tomaszewsld, Inz Lotn. (Varsaw)

&l

5. Raymond. 3B.Sc. (Tech.)

G.I', Chalmers

Measurements have been made of vhe air flow under the two carriages
in the R.A B. Seaplanc Tank with a screcn or large Tlap sct at varylng
avcloudes at the rear of the vorking scevion  The flap was used in an
atbempe to reducce the alr specd under the carriase co that of the
carriage, so viaat invescigntlons on she seaplane hull afterbody venti-
lation characterisvics and inverfercnce betwoen Jir flow and water flow

could bec made ~rith the corrcet ~ir Plov round che modcel,
By suiltably adjusting vhe sectvins of the wvear flan, it was Tound

possible To obtaln a mean alr speed under cither carriage the same as
the carriage speed. The [lap alzo served to stabilisc che flow.
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1 Introduction

It has been the nomal rousine In water force measurements made in
air flow to apnly corrcctions fer the 2ir Torcens on the medel. To
detemine these corrcctions, the model was towed just above the water
surface, and the air forces and moments measurcd under these conditions
were  subbracted Tram the corresponding quancitics mcasurced with the
model in the wvatcr, The diffcrcnces were rocarded as being duc fo
water forcees only

A4

R.A E, tank Ecsts‘° showed that the forces on a model are alfected
by the air flov round vhe model and tnat this methed of alloving for ailr
forces was of ten incorrect. These tesbs were swmariscd by GoctY, who
concluded thar for mor. correct measurcments on o sbable hull, 2 screened
registance model could be used, where sae sercen rcduces the air speed bo
a negligible Cicure.  This method mokes ne allovance Tor air-wmter intcr-
ference cffects, but was considercd satisfacvory for normal hulle, when
such interfercnce should he negligible Tesss on scrcencd modcls have
been wade on che Moot coving carriace in the KA D, Scaplanc Tank, the
No 2 carriage having been rctained in the unscrcencd condition,

In rescarch on step and alterbody vencilatlion, however, these alr-
water inverference effects are required. Gott statcs that the air specd
under vhe toring carriages in the R A.E., tank is up to L0% greacer than
the carriage speed It is nccessary, therefore. so reduce the air speod

.

under the towing carriage to that of bthe carriage itsclf.

This nove describes an invescipgaiion of the air flow under the
carriages in the R.ALE. Seaplunc Tank, and methods rox (a) reducing ito
speed to that of the carriage under bovh Vo 1 and 2 carriagccs and (D)
sgopping 1t alvogether under No.2 carriage,

2 Range of investiygacvion

A preliwinary invescigntion of vhe alr Clov nnder No,2 carriage
unscreencd was wade using o sinclce plvot. The alr specd relabive to the
carriage vas measurcd 1n the reglon normally occupicd by the model (ric 1),
and iv was fTound thac, with the drag balance (Fio.1) closc o vhe water,
the air flow wog far Crom uniform  Hencoe sthe tosts were repeated with vho
balance at a series of heilshls above the wacer The alr flow vas foirly
uniform when the balance was 18 inchos above the wosor surfacc.

Fleps were nov Pitvel to e carviace, onc ot che Lront and cne at
the rear. The sceadiness of the Llov who invesvicaced wich ool sufcs
for various setvtinegs of vthe laps.

These tesus csheoved the alr to Lo fairly stveady iith the Cront screen
up and the rcar screen pactly down, so vhay unl, the reur scrcen was used
to reduce the adr gpeed mnder vhe carriarcres.

The air spced was nor ncamured for various scvvin g of the rear
flap to the horizontal nsing o benk of five pitot tubcs sev 6 inches
apart symmetrically abous che consre line (1o 4 M posisions chosen
for the pitocs, corres.ond o the air enbtry and alr exic positions of o
model to e used in researcl: on step vensilaclon A cach longitudinal
posicion of vhe witol. meagurenents of che arr speed woere made ng heirfibs
of 2 inches, 6 incheys and 12 inches above 5he weter gurface.  The drap
balance was sct ws 14 inches above the water chroughous chose Tosts.
To cheelk these resulbs moasurcmentvs nave alse boen made ab the sbep
posicion of the veneilatoed mod. 1 teuvs.



The measurements wrere repeated on vhe No 1 carriage at pitos
positions corresponding vo the bov. zte) and stem model posivions
(Fig.2).

3 Descripricn of Apparatus

In preliminary measurcacnis o. vhe air speed a single N.P.L.
standard pitov-stablc tube was used. To measure tne small pressure
differences obvaincd av such low specds as 10 f.pn.8 , a “"step-up" gauge
was constructedd. This is ces asially a divided V-vubc, but insvead of
restoring the balance b7 raising onc leg chroich o measurcd distance as
in the Chatvock gauge, vhe ont-of balance movencns is measurced. The
gauge is shown in Fig.3, and consists of ©7e vertical brass tubcs of
large borc connceted across the boteow by a horizonval finc-bore glass
tube, into which iz let a toc-plcee. connoectoed to a stop-cock. In the
first instancce the instrument was Cilled wish csher bus this was latoer
rcplaced by hexanc becausc of rapid varourisacron losscs. An air bubble
was introduccd invo the glass cubu, by means of tae teu-Dlece, o act as
a division, Calibravion was madc againsy a magser gauge uscd for cali-
brating A.S.I's. The step-un zauge s found vo have a spced range of
0 to 45 £ .p.s.

For the major investigation of the alr flov in vhe region of
resisvancc models, o stacl of five nivos static cubes was used, and
the five gauges were rcad phovogravhically. Views of she auto-observer,
and the oltov-gsavic mountings arc given in Pl and Pix 5,

The wwo woodcen flaps for modilfying vhe ﬁir flor wrere mounted as
shown in Figs.!, 2 and €. These sorcons wior ~ivosed av their connection
with the czrrlaac and could e get av any anglc to the horizontal over
the range 0 wo 400 For the final concrol of alr speeds, only the rear
flap was uscd, the frowe flap being locked in whne horisontal vosition.

L Bgﬁg}ﬁg

Lo Alr flor wish no screens

The results of mecasuremenvs made under No.2 carriage with a sinple
pitot in vhe longivudinal posicion normall: occupied by the bow of the
model, are Aven in Table I.

The velocivy field incerpolacel from these resules 1z glven in
Fig.8, and the cests shov chec:-

(1) Whilst the drag balance was in ivs nomal posision near vhe
water surface, the air flov behind ic was unsceady and non-
uniform;

(2) raisine the balance causzcd the {low, in che reglon occupiled

by the model, vo be steadied., The air flowv wvas almost
uniform vo a height of § inches above che ater, and cqual
vo 1.2 timeg the carriage speed

It was decided from thwse results to west modcels in air flow with
the drag balance av a height of 18 inches above watcr surface.

L. 2 Nazure of the er__lOn

The front snd rear flaps were Titted on Vo 2 carriage and che
steadiness of the alr flow was ascersained using ool cufts. Runs were
made vith bovh laps dowm, rcar flan-only dom, and fron. [lav only

-l -
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down, and phovographs were taken of the wool tults. Results are given
in Fig.7, and show that the steadiest flov is obtained when the rear
flap only is used to slowv dovm the air under the carriage.

An attempt was made to moasure tvhe air speced relative to the
carriage when both screens were fully dovm, Whilss not being very
consistent, the mcasurcments show that the air speed is reduced to
about 10% of the carriage specd up to 30 5. 5.

4.3 Effcct of flap sctving cn air flov under No.2 carriage

Me abUTmenﬁu of air flow were made with the rvar flay sct at 200,
30" and 40° to the horizontal - the front flap being set horizontally
throughout. Complcte results are given in Table II. The rcadings
showed that there was only a smoll variation in alr specd transverscly.
The two outer pitovs gave conslstontly high readings and were ncglected
when evaluating the mean air spocd Readings made in the forward position
diffcred from thesc made in the alt posivion. bubt no consistent variabion
was found. ~

The results obtained for a given flep secting and speed were meaned
and the points are showm plotted in Fipg . Individual readings may be 10%
different from the mean rcadings, but the majority are within +4% of the
mean,

A working curve showing the [Jap setting required over a range of
air speeds to give correct mean air (low is deduced from Fig, 9 and shown
in Fig,10.

To check thesc results further measuraments were made lascr at the
step position of the ventilatbed model., The reoulbe arc given in Table
ITT  Variation with height of the rmatio, alr speed to carriage specd,for
the bowr, stern and step positions are given in Pag, 11 Tor 20 and 26 £.o.8.
carriage specd.

L.l Effect of balance position on resistance mcasurementcs on

No.2 carriage

Tests have been made tc examine the el feccos f alr fleow on the
zero of the resiscance balance on No,2 carriage. Thegse Sescs were made
with three positions of the balance (12 Lno“c~) 15 inches and 24 inches
above water level) and at carriage specds or 16, 28 and 36 [o/sec., both
with and without air flov. The rcsulss shov wo zj without alr flow the
cffect on the balance is negligible buv with "corrces" ailr flow there is
a gmall cffcct which varics “fith Cforvard spocd and vhe height of the
balancce above the water., The effcces of balance po ition on rcsigtance
measurcment gives the Tollovine correceoron for resistance over tThe rangc
of carrlage spocd 16 to LO T p.s,

. Corrcction w0 roslccance ncagsuramend (LB) for DuldﬂCu
Carriage Speed DO 1130@ abore wraser surface
f.p.s. p— Septe e s 0 DI R
12 inchen 1% inches 2h inches
16 ~O 04 -0 03 MO Oc
28 ~-0. Q¢ -0 075 0.045
36 -0 14 ~0.172 ~-0.075

The results arc plotved in Flg 12 so give curves for the corrcetion to
resigtance recadings over thoe wholc spced range and Tor threc positions
of balancc.



L.5 EBffect of flap setting on air flow under No.1 carriage

Alr flow measurcments were made with the following settings of the
rear £lap, 20°, 25°, 30° and 40° to the horizontal - the front flap being
set horizontally throughout. A4 diagram of the flap arrangement is given
in Fig.2 and a view of the rear flap used to conbtrol the air flow is
given in Fig.6.

Completc results are given in Tablc IV. In the evaluation of the meun
air speed the two outer pitots were neglected. In the forward position
the speed of the air flow even at a 40O° flap setving was higher than the
speed of the carriage. Fig.13 shows the flap sctting as a function of

. A
carriage spccd for constant valucs of %% at the bow, step and stern

model posibions. A flap sciving of 52° givcs the following values of %%

over the range of carriage specd 16 to LO £ op.s.

Distancc of transversce planc fran datum (Inchos) %%
43.5  (bow) $ 0.9
57.0 (suco 2 1.0
9L4.5 (storn) * 1.1

Variation of the ratio of air speed to carriage speed with height
for transverse vertical planes at the same positions are given in Fig. 14
for 16, 20, 28 and 36 £.p.s. carriage speeds.

5 Conclusions

It is possible to considerably improve the air flow under both the
R.A.E., towing bank carriages by means of a large Tlap positioned at the
rear of the working section. Lowering this flap about its upper edge
working line enables the mecan alr spced in the region of the model to be
rcduccd to that of the carriage. The air {lov is also made more steady.

Under No.2 carriage the prescnt drag balance has also to be raised
so that interfeorence with the alr flow over the model may be avoided.

There is however a resultant fore and aft pressure or velocity
gradient which is considerably larger under No.1 than No.2 carriage,
possibly because of vhe presence of the retracted screen used for fully
screened tests. It 1s hoped to reduce this gradient in the future by
transferring the balance on No.1 carriage, the better one, to No.2
carriage. Then all forcc measurements, with and withoubt air flow will
be done on No.2 carriage and dynamic model tests on No.1 carriage. The
present drag balance design on No.2 carriage, by which the model is
towed by a long tow bar, is not considercd satisfactory for tests in
air flow beccause of air flowv and air drag interfecrence.

——— e
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TABLE I (Continued)

Balance ht.
above water

Pitot ht.
above water

Carriage

speed f.n.s.

Ratio of air speed to carriage speed

Pitot 11" port

Pitot 6" port

Pitot central

18 in.

Pitot 6" starbd.

1.10

Pitot 108" starbd.

10 1.24 112 1.10 1.12
5 in. 20 1.23 1,25 1.17 1.20 1.25
30 1.28 1.2 1.20 1.21 1.25
3, 1,21 21 1.21 1.19 1,22
10 1.15 71.20 1.10 B 1.1, 1.170
6 in. 20 1.22 1.23 1.17 1.25 1.17
30 1.23 1.23 1.17 1.2 1.17
3 1.20 1.19 1.18 1.22 1.18
10 1.20 115 0. 91 1.00 [ 1.20
12 5n 20 1.20 1.18 0.96 1.04 1.24
: 30 1.23 1.17 1.00 1.07 1.25
30 1.19 1.15 1.02 1.0k 1.19

Pitot set perpendicular to the vertical plane through a point 84 inches forward of the datum (Fig.1).
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TABLE IV (Continued)

Carriage Angle Height of pitots % in Transverse Vertical Plane 94.5 ins. forward of Datumn

Speed = Ve | of flap |above water level | pitot I |Pitot IIL |Pitot III |Pitot IV {Pitot V |[Mean of |iean over
(f.p.s.) (Geg. ) (ins.) 12"port | 6" port central |6" stbd. |12"stbd. |Fitots the area
AL, LI, IV
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TABLE IV (Continued)

_QI’_

Wt.2078,CP38.K 3,

Va . . . i )
Carriage Angle |Height of pitots 7o in Transverse Vertical Plane 94.5 ins. forward—. of Datum
S?Se;f : SIG ?ge??l’ above ‘(”iz:r) 1evel | pitot I |Pitot IT |Pitot IIT |Pitos IV | Pitot V giiﬁt;’f Mean over
o [Je Da . . 1" " - " 1 1]
B 12"port | 6" port central |6" stbd. 12 sEb'd. IT,TI7,TV the.eirea
0 2 1.184 | 1.178 1.173 1.179 1,181 1.177 1183
6 1.183 | 1.192 1.18% 1.195 1.156 | 1.190 .
2 1.109 1.106 1.100 1.108 1.094 1,105
32 30 6 1.118 | 1.114 1114 | 1120 1.089 1.116 1‘110
20 p) 1T.047 | 1.037 1,059 1.050 1.005 7.042 1 o8
) 6 1.056 | 1,051 1.053 1.062 | 1.020 | 1.085
20 2 1.152 1.152 1.151 1.158 | 1.152 1,150 115
— b A | 1157 + 455 | 1162 1 1,115 - 1,158 :
p) 7.1 1111 1105 YT 17105 17.108 -
6 0 {.110
P el L | oaos | oains | odlop | e | SO
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A b6 w___1;95.Q__’__1 050 JA.0ue b 1,050 | 1016 | 1.049 f T
20 2 - - - - - - -
RS YO — AU DR R N S S
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0 1,
v O e |1y 1090 | aoe | 102 | towe | 1095 | 9% |
0 5 7.035 71030 1027 77046767980 7037 1
N 6. 1.037_| 1.037 1,035 1006 0.990 | _1.036 | 1Ok |

Printed in Grent Britoun.
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FIG. 3.
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FIG.4
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NATURE OF AIRFLOW WITH BOTH
FLAPS DOWNL.FLOW UNSTEADY
CARRIAGE SPEED,20 F.PS.

NATURE OF AIRFLOW WITH
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FIG. 8.
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FIGS. 11&12.
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FIGS. 13 &14.
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