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Introduction

A REVIEW of the various types of airplanes currently in use
as ab-initio trainers (e.g., Jane’s All the World’s Aircraft,

1988–89) reveals that these designs predominantly feature a trac-
tor (front-engined) con� guration with a conventionalwing and tail
arrangement. However, unconventional con� gurations with a pod-
and-boomfuselageand a pusher engine offer advantagessuch as re-
duceddrag, improvedvisibilityfor the pilots, and lowernoise levels.
These advantages have been studied by Strojnik1 and Carmichael.2

Based on similar considerations, Sharma3 had proposed a pusher-
engined, pod-and-boomdesign for a two-seat ab-initio trainer.

Wind-tunnel tests on a model of this airplane showed,4 as com-
pared to theoretical estimates, much lower lift curve slope, much
higher induced drag, and much higher static stability. The tests also
indicated a signi� cant region of separated � ow near the wing root.
Taking clues from this and observations made by Muttray,5 the lift
distributionon the wing was calculated, in the present investigation,
with regionsof separated� ownearlyequal to thoseindicatedby � ow
visualization. In this region the local lift-curve slope is assigned a
very small value. Calculated lift-curve slope of wing, induced drag,
and downwash closely match the experimental values and serve to
explain the unusual behavior of the con� guration. The con� gura-
tion and results of wind-tunnel tests are brie� y described in the next
section.Calculationof the lift distributionwith a region of separated
� ow and results and discussion are presented subsequently.

Con� guration and Test Results
The con� guration of the low-wing pod-and-boom airplane with

a pusher engine is shown in Fig. 1. Important dimensions are also
given. Ashok et al.6 give a detailed description of the con� gura-
tion. Karthik7 has estimated the characteristicsof the airplaneusing
methodsdescribedby Smetana et al.8 and U.S. Air Force DATCOM.
Lift coef� cient CL vs angle of attack ®, drag coef� cient CD vs C2

L ,
and moment coef� cient Cm vs CL are shown in Fig. 2. The wind-
tunnel tests4 were conducted on a one-seventh scale model in the
4:2 £ 3 m wind tunnel of the Indian Instituteof Science, Bangalore,
India. The Reynolds number, based on the aerodynamic chord of
the model wing (0.178 m) and the freestreamvelocity (40 m/s), was
0:4 £ 106 . The model was tested without the propeller. The � ow
over the model was tripped by the use of grits, which were located
at 10% local chord on the wing and tail surfaces and at 10% of body
length for the fuselage.Two grits with broad (10 mm wide) and nar-
row (5 mm wide) were used. The Cm vs CL curve and the minimum
drag coef� cient were almost the same for the two grits, indicating
that the boundary layers were fully tripped in both cases. The angle
of attack® was variedbetween¡10± to 16± in stepsof 2± . The exper-
imental resultsare shown in Fig. 2. The valueof the Oswald ef� cient
factore fromexperimentaldata is 0.3, whereas the estimatedvalue is
0.88. Further, the value of downwash gradient d"=d® deduced from
experimentsis roughly¡0.46,whereas estimates indicatea positive
valueof 0.37. This upwash over the horizontaltail was, at � rst sight,
unexpected.

Received 19 March 1998; revision received 15 May 1999; accepted for
publication 19 May 1999. Copyright c° 1999 by the American Institute of
Aeronautics and Astronautics, Inc. All rights reserved.

¤Research Scholar, Department of Aerospace Engineering.
†Professor, Department of Aerospace Engineering. Associate Fellow

AIAA.
‡Professor, Department of Aerospace Engineering.

Fig. 1 Airplane con� guration.
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Fig. 2 Airplane characteristics.

Flow visualizationstudieswere also carried out,7 which indicated
that therewas � ow separationnear thewing rootover theentirewing
chordat all angles of attack. It is surmised4 that the separationon the
wing at all angles of attack is caused by the fact that both fuselage
and thewing terminateat the samestreamwisestation.The separated
regionextendedbetween25 to 28%ofwing as shownin Fig. 3. From
this the conclusion was made that the inboard portion of the wing
extending to about 25% of the span is producing only negligible
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Fig. 3 Observed spanwise extent of separated � ow.

Fig. 4 Spanwise load distribution.

lift. Hoerner and Borst9 have quoted results of Muttray,5 wherein
experimental investigation on wing with trailing-edge cutouts near
wing root showed that some portion of the tail experiencedupwash.
These two viz. � ow visualizationresults and Muttray’s � ndings led
to the inferencethat loss of lift near the root could result in upwashat
the tail. However, downwash/upwash at the tail can be calculated,
fairly accurately, once the lift distribution on the wing is known.
In the present investigationdownwash calculationshave been done
with negligible lift near the wing root. Details are summarized in
the next section.

Numerical Study and Results
To study the effects of � ow separationon spanwisedistributionof

lift, induceddrag,anddownwash,a numericalstudywas undertaken.
It utilizes the lifting-line theory described by McCormick10 and the
downwashestimationmethodof Silversteinet al.11 that accountsfor
the downward displacementof the vortex sheet.The implimentation
details are given in Karthik.7

The numerical computationhas been carried out using 30 control
pointsalongthe span.Trialswith a differentnumberof controlpoints
indicated that spanwise load distribution convergedwith more than
20 grid points. To take into account the lift loss, the assumption was
made that the slope of the lift curve C1® in the region from the root
to a certain distance along the span is very small. A value of 0.005
per degree was prescribed. The results are not very sensitive to the
value as long as it is small. Elsewhere C1® was prescribedas 0.1 per
degree. Lift-curve slope of the wing, induced drag, and downwash
at the tail were calculated for different extents of the region where
C1® is 0.005 per degree. When the extent was equal to 0.267 of
semispan,thecalculatedvaluesofCL® , e, andd"=d® almostmatched
with experimental ones. The � ow visualization studies indicated
that the separation region lies between 25 and 28% of semispan.
The spanwise load distributions(cc1=s vs y=s) with and without lift
loss are shown in Fig. 4. CL vs ® curve and CD vs C2

L curves are
shown in Fig. 5. The calculated value of average d"=d® is 0.461,
which matches the experimental value. The results con� rm that the
unusual behavior of the con� guration was caused by the effect of
lift loss near the root.

CL vs ®

CD vs C2
L

Mean downwash vs ®

Fig. 5 Characteristics with and without lift loss.

Concluding Remarks
A low-wingpod-and-boomcombinationwas found to suffer from

almost total loss of lift in the region near the root of the wing. The
separated region is almost equal to the tail span. The region of the
wing that producesthe lift causesan upwashon the tail and results in
largestaticstability, low lift-curveslope,and high induceddrag.The
results are con� rmed by a numerical study that employs a lifting-
line theory with a small value of local lift-curve slope in the region
of separated � ow. Thus a low-wing con� guration does not appear
to be suitable in combination with pod-and-boom con� guration.
However, it may beadded that, thoughsandpaperwas used to trip the
� ow, the size of model is rather small and a test at higher Reynolds
number may be needed, and the effect of pusher propeller was not
simulated in tests. In� ow from a pusher propeller is likely to reduce
extent of � ow seperation.
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