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FOREWORD

Ihe low speed wind tunnel testing described in this report was
conducted by the Aerodynamics Technology Staff of the Boeing
Commercial Airplane Company, a division of The doeing Company,
Seattle, Washington. This work was sponsored by NASA Lewis
Research Center and was performed between May 1973 and

March 1974,
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1.0 _SUMMARY

Flow fieid angularity was measured at aft fuselage engine lToca-
tions on the Boeing 727-200 during a Tow speed test of JT8D
Refan engine configurations. The test was conducted at the
Boeing Vertol Wind Tunnel at Morton, Pennsylvania. Flow angles
were measured at nacelle inlet highlight positions for the side
and center engines. Two flow angle probes (yaw heads) were
mounted at each inlet position. Angle measurements were
obtained for airplane flap settings of 0°, 15°, and 40° so the
full range of flap angles wWere investigated. The following
results were obtained:

0 The magnitude of the down-flow angle decreased with in-
creasing wing angle of attack up to the attitude for
stall. Thus, the smallest down-flow angle occurred
just prior to stall.

o High values of down-flow anglie were measured just
beyond the stall attitude, and, as angie of attack was
increased further, wide fluctuations in angle resul ted.

o Down-flow angles at the center inlet location were al-
ways lower in magnitude than those measured at the side
nacelle location. Angle differences at the two dif-
ferent locations became greater at higher flap settings.

0 Cross-flow angles at the side nacelle location were in
a direction toward the body (as could be expected be-
cause of body closure) for angles of attack up to stall.
Small criss=flow angles were indicated at the center in-
let Jocation but these must be considered as data
scatter.




2.0 INTKRODUCTION

The Pratt & Whitney Aircraft refan engine (designated JT8D-109) |
te a derivative of the JT8D-9 turbofan engine. A Targer di-
ameter, single~-stage fan has been incorporated which praises the ;
kFypass ratio to 2.03. The intent of this engine modification

is to provide lower jet noise, increased takeoff and cruise
thrust, and lTower specific fuel consumption., Larger side engine
nacelles and a larger center inlet must be provided if the
JT8D-109 engine is to be installed on the Boeing 727-200 air-
plane. The affected regions are indicated on the 727 general |
arrangement shown on Figure 1.

Flow angle testing was initiated in support of Propulsion Staff
testing of internal inlet characteristics. The range of
anticipated flow angles at the side nacelle inlets and at the
center inlet was required to ensure that the proper range of
angles were run during isolated inlet testing.

The flow angle tecsting was run at the Boeing Vertol Wind Tunnel
during May 28 to June 5, 1973, This tunnel has a square test
section area of 20 ft. by 20 ft. The model was mounted on a
sting support with a dog-leg extension as shown by Figure 2.




3.0 NOMENCLATURE

153 Down-flow angle relative to the fuselage reference
axis, in degrees (+ angle is downward flow relative
to the fuselage)

ﬁ?B Cross-flow angle relative to the fuselage reference
axis, in degrees (+ angle is flow inboard toward the
fuselage)

Gﬂw Wing angle of attack with +ing design chord plane
as reference, in degrees (+ angle 1s airplane
nose-up)

B.S. Body Station

W.L. Water Line

B.L. Buttock Line

BVUT Boeing Vertol Wind Tunnel
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4.0 MODEL AND TEST ODESCRIPTION

4.7 Mode) Description

The wind tunnel model used for this flow angle testing was an
existing .075 scale model of the Boeing 727-200 airplane, The
model configuration included standard 727 wing, fuselage, tai)
surfaces, flaps, slats, etc., The center inlet and side nacelles
were removed to allow the flow angle probes to be placed at
inlet highlight locations., The general model configuration with
nacelles in place is pictured on Figure 2.

Flow angle probes consisted of hemispherical yaw heads as shown
by the sketches of Figure 3. Probe orientation was parallel

to the fuselage reference axis. Down-flow and cross-flow angles
were therefore measured relative to the fuselage axis. The
instaliation is pictured on the model of Figure 4,

4.2 Model Installation and Test Facility

The 727-200 low speed model was sting mounted with a dog-leg
sting as pictured on Figure 2, This type of sting was utilized
during this test period for other testing which included ground
plane work where the additional angie was reqguired. This
arrangement was satisfactory for the flow angle testing so the
saime test arrangement was used. The Boeing Vertol Wind Tunnel
facility has a 20 ft. by 20 ft., test section., A few checks of
flow angles in ground effect were made to ensure that all
reasonable flight conditions were considered,
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4,3 Test Procedure

Individual pressure port measurements were made for the various
ports on the probes. A range of wing angles of attack were set
and pressure measurements recorded. A data reduction computer
program converted these pressures into flow angles, using
previous indijvidual probe calibrations.



5,0 TEST RESULTS AND DISCUSSION

Inlet flow angles which could be expected in flight were re-
quired to set the range of angles to be used for Propulsion
Technology Staff testing of inlet characteristics, This
included the entire flight regime of the airplane., Representa-
tive fiap angles were selected as 0°, 15° and 40°, These
settings correspond to cruise, takeoff, and landing conditions
respectively. A few ground effect runs were made to check

flow angles on the ground.

Down-flow angle data are presented on Figures 5, 6, and 7 ac-
carding to flap position. The higher flap settings tend to
produce the greatest down-flow angles. A general trend is
evident with down-flow angle decreasing with angle of attack
up to the stall attitude. At airplane attitudes beyond stall
there are wide fluctuations in flow angle after an initial
sharp increase in down-flow., Generally, the down-flow angles
for the normal flight regime tend to be fairly small. This
indicates that there should be no problem concerning the
inlet inflow angles,

There was 1ittle change in flow angle due to ground effect as
shown by Figures 5 and 8.

Down-flow at the side nacelle position tends to be greater in
magnitude than that at the center inlet location. This is a
result that could be expected because the body itself tends to
straighten the flow at that location.

Cross-flow results are shown on Figures 8, 9, and 10 for the
same conditions as for down flow angle. Cross-flow direction
at the side nacelle position was toward the body because the
local flow follows the body contour (closure). Cross-flow
angles were small in magnitude at airplane angles of attack



up to stall, At higher angles of attack, beyond the stall, the
flow direction changes abrupily to an outboard direction,



6.0 CONCLUSIONS

"Hha following conclusions were drawn from the test results:

Down-flow angles up to stall .ttitude decreased
with increasing angle of attack.

Down-flow angles at the center inlet location were
somewhat lower in magnitude than angles at the side
nacelle position, The difference in angle at the two
inlet positions became greater at higher flap settings.

Minimum down-flow angle was obtained just prior to
stall.

High values of down-flow angle were demonstrated just
above stall attitude, Flow angle then fluctuated
widely for further increases in attitude,

A general observation was that down-flow angles are
relatively small for the normal flight regime of the
airplane.

Cross flow angles were generally small at the side
nacelle position at alrplane attitudes up to stall,
Flow direction was toward the body up to stall angle
of attack and then abruptily outboard at post stall
attitude.



7.0 FIGURES

Figure No. Title Page
1 727-200/J78D-109 Refan Airplane~-~ecevean-u- 14
2 Model Installation---r-=crmermcmcnmmcnanceaan. 15
3 Flow Angle Probe Detaflsrmrr--wewmamrcnmacuu-a 16
4 Flow Angle Probe Installatione--=vew-rmeccaa 17
5 Down Flow Angle, Flaps Uprr----cumecmeumnna-x 18
6 Down Flow Angle, Flaps 15%--emmmmccmmanaaoas 19
7 Down Flow Angle, Flaps 40°%-ceommmmcmmnannaa. 20
8 Side Flow Angle, Flaps Up-=====--===u-- e 21
9 Side Flow Angle, Flaps 15%--ocmoooomanoun ot 22

10 Side Flow Angle, Flaps 80%-cemcccaammaosano 23

BLANK NOT FILMED

PRECEDING PAGE




INVIIYIV NvTH 6d1-08LIF00C£LEL—"L FHNIIH

NOIIVTIYLSNI
INITNIT NYITE AR
AFLO3=IY SYIAY




15



e
PROBE
NO. 40
i1 2
-
A
8
é AN AAANAN

E._WL 256.87

——
|

WL 350.80 |

= ‘;T— BL 104.00
Y

T

e 2
J7 777777777 777777 77777777777

—BL 120.13%
st_ S—— ‘
SIDE  VIEW TOP _VIEW
(CENTER 'NLET) 2 (SIDE INLET)

FRONT ViEwW SIDE__ VIEW

TOP VieEw

FIGURE 3 - FLOW ANGLE PROBE DETAILS



17



dN Sd¥74 “379NV MO MMOC - S 3¥N9I4

D3 — ™My NOWLLY 0 ITIONY ONIM

82 v ol -1 21 s v (o] Bt *.l

2 '3UONVY MO4 NMOa

DA -

I8



€l €

oSl Sd¥14 *379KV 1014 mMOC - 9 3

wl
b 8
— 1
W
v
LA

230 — M MOWLLVW 40 ETADNY ONIM
St »1 cz 21 kd s v ° >~ 8-

S o R M~ e R B ot i sl >-

"ATNOHNY MO 14- NMOCT

g

i : : - 21
A = = : =

n3q «— %/

‘v

19



of¥ Sd¥14 “379MY 1014 MmOQ - L 3481914

D3C — ™o “NOVLIVY 40 3NV ONIM

vaa — %2 ‘31ony MO1d-Nmoa

0



21

dN Sd¥14 “379MNY MO014 30IS - © 3¥N914
DIQ — Mo 'MUOVWLLY 40 IIONY DNIM

8z ®1 oz 9! 21 = i o - 8-

 {somwWas a3avwHs)  \
: Puwuwmmwgmwz_a :

¥/ ‘aoNvY MOA4d - 3ais

|

|

l

|

|
v3aq

+

T (&

T RE - % et e
SR == ‘ e
e - aeavw,... -



oS1 Sdv14

3@ — ™=

<

“379NY MOT4 3QIS - 6 3¥N9Id

MOWiLV 40 3ANONV ODONIM

naa -~ Y¢/ ‘a1 ony mO4 - aais



o0F SdV14 379V m0OT4 3QIS - OL 341914

D3A — ™y “NOVWLILV 320 IVONY ODNIM
T

- - — - ——— e e =
. — 3 '3
. - 4 : - .
3 S - ——m— s -
- b S : + 3
- 4 M . — - =
4 e ] -=
-4

————— e

»aq — %9 '‘zuny MOT4 - 3AIS

23



	GeneralDisclaimer.pdf
	0001A02.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001A14.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf

