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Tsinghua has become an important institution for scientific and engineering research.

Center of Aero Innovation & Realization students (short for AIR) is an association.

of students affiliated to School of Aerospace Engineering of Tsinghua University. Since
founded in 2007, our Center provides pleasant workitece and necessary
equipment for both undergrad and graduate studserb build and make our designs

fly. We also have professors from School of Aerospace Engineering of Tsinghua
University as consultants. Also, a club named THU Aeromodel was established in 2020
based on THUAIRpming witha better managementor our team

1.2 Tsinghua University in Air Cargo Challenge
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2. Project management and financial budget

2.1 Financial Budget

Project cost form

]JE E (5 *SEM SUE

E} Cv u] « <]PVX

Financial budget Details Expenses

Preparation Power System SRR
Wing Mould SRR
Flighttest PRI
Material 1011
Others PTi

Competition
Airline tickets hviv}Av
Registration fee 1O
Accommaodation hvliv}Av
Others P

Total 100i1=

2.2 Time Schedule

The time schedule is presented as following:
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Team formation
Exploring material
Testing Propulsion system
CFD and airfoil design
Test model
Preliminary Report
Test Flight

Design Adjustment
Technical Report
Model Building
Looking for sponsors
Flight Test

Pack Up

2.3 Sponsors and Supporters

Support from sponsors is vital for keeping this project going. During the preparation
of this competition, School of Aerospace Engineering and Tsinghua University offered
sufficient funds. Besides, the following sponsors amdt @lso provided reliable
equipment and place.

Sponsors

KST

KST Digital Technology Limited offers good quality servos with comprehensive
categories. Thanks to KST for offering us servos.

Haobo (Fujian) New Material Technology Co., Ltd.,

Haobo (Fjian) New Material Technology Co., Ltd., provides a complete R & D,
manufacturing, marketing and technical support. The company regards HyboFOAM
series higkperformance PMI foam as the main product. Thanks to HaoboTechnology
for offering us higkperformane PMI foam.

Supporters

Hydrodynamics and wind tunnel lab of Tsinghua University. This lab is our neighbor,
they have rich experience and reliable equipment for wind tunnel. We really
appreciate thathey helped us in testing thrust and airfoil.
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The results of our analysis show that the requirements for airfoil are summarized as
follows:

1) excellent liftddrag ratio during takeoff and climb

2) The ratio of lift coefficient in takeff to drag coefficient in cruise shall be as large
as possike. (The lift coefficient in cruise state shall be approximately 1 / 4 of that in
takeoff state)

Using flaps is a classic solution. Of course, the Fowler flap can definitely perform better.
But in fact, when preparing for acc2015 in the spring of 2015fowed that the slide

rail mechanisms not only complex to make, but alsbe problem of seHocking can
hardly be avoided after taking difecause of the aidragand vibration.

Meanwhile, it is necessary for flap to make full use of the whotgspan. If the flaps

are only arranged in the middle section, on the one hand, the area of the airfoil with
high lift coefficient is not enough; on the other hand, the lift distribution in the take
off state is closer to the "bell distribution”; the wingthout flaps in the outer section

is just only equivalent to put winglet flat, and the lift drag ratio is obviously not as good
as the elliptical distribution under the same span. Therefore, the outermost flap also
plays the role of aileron, which elinates a large number of flap forms that can only
deflect downward and cannot deflect upward.

In our estimation program, the dependence on the airfoil is only reflected in three
aspects: lift coefficient when taking off (about 80% of the maximum lift aoefit),
climb-drag ratio (taken as 80) and drag coefficient when cruising(0.0075).

For example, fuller flaps can greatly improve the maximum lift coefficient (from about
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1.8 to about 2.8), so as to improve the tas# lift coefficient (from 1.45 to 2.2and
reduce the wing area. However, the clirdbag ratio and cruising drag coefficient are
likely to decrease.

To compare the performance of the two, which is shown below, the takeoff lift
coefficient is changed from 1.45 (blue) to 2.2 (red).

Figure 5.1
the dotted line is 60m running distance, which can be ignored

It can be found that the use of slotted flaps can reduce the wing area from G4% m
0.31 n¥, reducing the empty weight of wings with about 1509, which also increases
the paylad of about 200g and slightly improve the maximum speed.

Considering that there is no reaalyade scheme for flap slide rail or other mechanism
CFD for analyzing slotted airfoil is not as simple and reliable as Xfoil. and because the

Reynolds number of thwing is smaller after reducing the wing area, it seems unwise
to add so many uncertainties for these non decisive advantages.

Figure 5.2 (slotted flaps in ACC2017)
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5.2 Airfoil Optimization

Based on the constraints of climb rate and talfédistancethe optimal load capacity,
wing area and the speed of takdf, climb and cruise are estimated. We abandoned
the high lift airfoil INACQ015 and 2017 and chose the optimized airfoil based on
optl6. Combined with the smaller wing and thinner thicknessthaf aircraft of
ACQR022, it is difficult to arrange complex backward flaps or multi end flaps, so we
chose the concept of simple flap and made appropriate fine adjustment based on the
optl6 airfoil optimized byACQ019 (the thickness was reduced to 10.7datme
streamline was scrambled at 55% on the upper surface), and a new generation of
optl6m2 was obtained\ These fine adjustments are mainly to adapt to the lower
Reynolds number cACQR022. The simple flap hinge is located at 74%.

Figure 5.3

Here, the alculation condition of Re * sqrt (CL) = 241000 is selected, which
corresponds to aspect ratio = 10 and total weight = 6.5kg. When the flap deflection
angles are 4°, 0° 4°and 9°, the lift coefficient and lift drag ratio are:

Figure 5.4
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But as wecan see from the figure, the thickness of 2021 opt16m2.2 airfoil at 74% is
only 2.8%, the average chord length in the preliminary design is abeRb@@M, and
the thickness at the flap position is too thin to be processed.

Therefore, based on this, weittkened the 2021 opt16m2.2 airfoil at 74% to obtain
2021 optlém?2.3. According to the characteristics of 2021 _optl6m2.3, we slightly
modified the flap angle and selected the flap deflection angle of 10°during takeoff.

The maximum lift coefficient given d0° flap deflection angle is about 1.8, and the
available lift coefficient at the moment of takeoff is about 1.45. The minimum lift
coefficient (before stall on the lower surface) allowed by the flap deflection angle of
4°is about 0.3.

In the climbing &ge, it is considered that the liftrag ratio of the airfoil = 80 is a
reasonable estimation, because the lift coefficient in the climbing state can always fall
into the "high lift drag ratio pocket" by adjusting the flap deflection angle within a
certain range. We use Xflr5 software to analyze and get the optimal angle of the
climbing flap, which is 2 °. At 2 °, we can get the maximum lift coefficient of 1.35 when
the lift drag ratio is greater than 80.

However, when approaching the maximum speed (i.es,Ci XieU §Z E P } ((]] vs
remains stable regardless of the change of the flap deflection angle, which is
approximately 0.0072. Based on the lift line position, a more appropriate flap angle (

4 degrees) is selected. This drag coefficient is closkedimit, while the other wing

scheme (2021 _mh32m1.1), which makes a large concession on the maximum lift
coefficient, has a minimum drag coefficient of 0.0065 when CL=0.3.

Figure 5.5

Finally, we got the final airfoil and its three working stat€)21 optl6m2.3 f10,
2021 optlem2.3 f2, and 2021 _optl6m2.31 &s follows.

Figure 5.6
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Pitching stability:

In order to ensure sufficient tail capacity (more than0.4) and tail arm (more than
0.45m) at the same time, finally the tail arm and the flat tail area are determined. Also
we get 0.45 tail capacity. Xflr5 analysis can be seen: Withdtkdimb speed, taitic
stability margin is 16%. In higipeed mode, the static stability margin is 4.5%. It can
ensure enough stability in the climbing stage, and it can be sensitive enough after the
speed adds up.

Since the longitudinal stability of conventional layaugenerally not a major problem,
we will not overstate it.

Course stability:

Due to the size limitation of the diamond frame, the tail arm is short. And there is part
of the vertical tail in the wake of the fuselage. So the vertical tail is less effiéient
the same time, too large and too long fuselage has side effects on course stability,
which cannot be estimated. In summary, we cannot predict the course stability of our
aircraft precisely. To be on the safe side, we will make the vertical tail langeadd

the end plate to the outer end of the flat tail.

6.5 Manipulation

Pitch control:

Generally, the range of elevator is 2840 of the tail area, but due to the strict size
limitation of ACC2022, the tail moment arm is short, and we used T tailleso
increased the elevator area for fear that the aircraft would be difficult to change
when entering a deep stall.

Yaw control:
Similar to longitudinal maneuvering, we chose a larger rudder area because of the
shorter moment arm and potentially weakerectional stability

Roll control:
Assuming that the wingspan is b, and the length of the flap.iS® he roll moment
generated by the aileron will be:
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U %the difference between the lift coefficient of maximypositive deflection and maximum
negative deflection of aileron.

The aerodynamic damping of the roll direction is defined as the reverse roll moment
generated by the roll Angle w. We assume that the slope of the lift line at each
section is Hrad.

For composite wings, the wing weight is approximately proportional to the area, and
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6.6 Verification Calculation
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Rate of climb:

Use xflr5 to model and calculate wing drag dach down the flap with O degres
Angle of attack othe whole plane. Usinthe Dragcalculded by6.3and }u ]v
AlSFZEpes aHBA® § + 5 J(( € v *% =+ Vv 0 po § X

The dimensionless parameter describing the climb iiat@.2% whichalso meesthe
requestthat more than8%.

O0X "SEU SUE 0o °]PvVv

0Xi D Jv t]JvP

ATV % EEW

dZ }u%}+]$ § Zv}o}PC Alsz P}} (( 8§ ]v %OGE,A,I]%(U}(Q Ee ]
SZA]JvP «2 4+ *Z}Av ]Jv §Z (]JPuUE X dZ & }v AA o0}8z S
v 8$Z u ]v u (JdBWEU AZ] Z E+ owEwo Z Vv ]JVvP

ulu v3 }v 8Z u Jv AJVPXEi}RIuUOS ]* pe e« §Z }ud CEul*s o C E
}( 18 o]PZ8 A JPZE v @&] Z Popu ]Jv 3Z (1V[*Z}BUBAE} u 35X
U3 E 3Z % JVS]VP % @&} e+ v o0 | }( <pu]%u vidU A §Z]vl
o1 E ( (}JEu C E}v (o8] ulE }VAV]VS JE 0§ E $E
ulv AJvP « v A] Z o<} ]Jvop < iuuWD/ (J u v i0C E-}( (] d

25



d~/E',h hE/s z~/d d D d,h /Zz

-
—
-
-

(JPUE 6Xi
u % ESW

dZ u ]Jv uljle S 8 8Z %}e]S]}v }( 1709 Z}E o0 vPSZU v §.
ZYE o vP3Z }( Z e+ 3]}v}(8Z A]JvP ]Je}v 8Z e u %0 v U Az

u vp( SHE]JVPX p 8} 8Z ]I o]Juld SHvZ)v3Z Ao A uSB]vP

ujv u Jvs} A} « §]}veU Z iiftAuuX ~]v §Z ule uljvoC
v JvP u}u v3U Jv }E & 8} Z A u((] 1 v8 % ]5C &} E v

A}} PE Jv ]E 8]}V upes % E% VvV ] po & &} EZ dEVP A]>
v §}P 8Z & v A}} Z]%e+ & pe 38} vepE& 38Z $3Z us E
ve X §8Z +u SJluU @&E }v «8E]%°* v <Aoo E E pe- &}
us}t vepu@®& 8Z +SE& vPSZ }( SZ u]v uX

He A pe }Ju%}e]0}PCZ¥} plo }IHE J]E& & (SU SZ ulo Je
ulv AJvP u}o Je u }( Aio0 % }AC d}lo]JvP } & X /v ]8]}vU
v ul ]85 ¢Ju%co U 00i %}AC d}}o]jJvP } & & pe Jv $Z (o
ulo U v vCo}v %o 3]y S AZ o u}o X

tJ]vR& e 0OP epu((] ] v380C +3E}ISR0 @Bub}e]3 %0 3 ] HE] Jv

§Z (pe o P o vEE o AJvP uU AES v e 38} }8Z ] « v ] ]
u 8§ 38Z AJvP E}}SX 8 8Z e« u 3Ju 8} SAMV 186337 A JuP E]

%0 § Vv 3Z (p* o P ] A o0 8} vepE 3Z 313 Aloo v}3 ( oo
ES ]Jv v JvP u}u vs§X

D ]Jv AJvP tZ o
&]PUE 6X1

26



-
—
-
-

d~/E',h hE/s z~/d d D d,h /Zz

7.2 Cargo Bay and Fuselage
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7.3 Tail Wing
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