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AERE 344 FinaL Exam Poricy

[ Don’t forget to fill out course evaluations

J AerE344 final exam is scheduled from
9:45am~11:45am on Tuesday, 05/07/2024.

J AERE 344 final exam policy:
* Open book and open class notes

* You can use your calculators, computers, and
tablets without WIFI functions.
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e 20 multiple-choice problems (2 points each).

e Four reqgular problems related to pre-lab
assignments and lab reports (15 points each).

e Total exam time is 120 minutes, most of the
students should be finish the exam within ~45
minutes.
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AerE343L: Dimensional Analysis and Similitude

Commonly used non-
dimensional parameters:

Ap . pressure force
pV?  inertial force
pVL o~ inertial force
7 viscous force
\Y o~ inertial force
Jlg  gravity force
Mach Number, M = 14 oc inertia_l f_orce
c compressib lity force
|z . centrifuga | force
\Y inertial force

Vilp . inertial force

Euler number, Eu =

Reynolds number, Re =

Froude Number, Fr =

Strohal Number, Str =

Weber Number, We =

o surface tension force

Similitude:

Geometric similarity: the model
have the same shape as the
prototype.

Kinematic similarity: condition
where the velocity ratio is a
constant between all corresponding
points in the flow field.

Dynamic similarity: Forces which
act on corresponding masses in the
model flow and prototype flow are
In the same ratio through out the
entire flow
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*  “Error” is the difference between the experimentally-determined value and its true value;
therefore, as error decreases, accuracy is said to increase.

A\error = Aneasured o Arue — E= A’n — Arue E _ Aerror

relative —
Atrue

« Total error, U, can be considered to be composed of two components:
— arandom (precision) component,
— asystematic (bias) component,
—  We usually don’t know these exactly, so we estimate them with P and B, respectively.

Repeatability Precision Error ,

U?=B*+P’

Reproducibility Both Bias and Pregcision Errors

B3
prbeidor error X N J

NS
True value measured value °

X=100 X=101 o2

Bias error

fl.ll.lllllll

\
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Uncertainty in velocity V:

U2 =B:+PS

- 2 2
5| OR 1| OR
2 Z : Z

Streamlines Static taps
—» —————— (several, equally

i=1 1=1 i
M .'__'_:___';7-:{" ]
B_ = Z B.2 I | Differential
| I j | manometer
For a large number of P — 28
samples (N>10) ' l

Protal = Pstatic T %PV ’ (Bernoulli)

o[ Blaoxl ]t =S| v o

k=1
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Pressure Measurement Techniques

Deadweight gauges:
Elastic-element gauges:

Electrical Pressure transducers: e
«  Wall Pressure measurements

— Remote connection

— Cavity mounting

—  Flush mounting
Pressure Measurements inside Flow Field:

7
7
7
7

.

SSiire
ransaucer
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Velocity measurement technigques - Pitot —-Static Prohe

Streamlines Static taps

e 1 L
« Simple P, = pstat+§pV2,(Bernoulli) i
» cheap
V = \/2( Po — pstat)
Jo,

Stagnation point

« Disadvantage:
 averaged velocity only

: . Static
. Slngle point measurements pressure
* Low measurement accuracy holes
—— BX [ I
~ | | Differential
& _ | | manometer
. J‘ RN “'f
P S

Do
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Velocity measurement techniques - Hotwire Probe

\%
* Advantage: Flow Field
« High accuracy —>
« High dynamic response —3
—
—
» Disadvantage:
 Single point measurements
» Fragile, easy to broke
* Much more expansive Current flow
compared with pitot-static through wire
probe.

The rate of which heat is removed from the
sensor is directly related to the velocity of
the fluid flowing over the sensor

dT, ., .
mc—~=1R, — T,

« Constant-current anemometry
 Constant-temperature anemometry
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AerE311L: The nature of light

 Light as electromagnetic waves.
 Light as photons.

 Color of light

 Index of reflection

n:c/v=ﬁ>1
A

c, ~3x10° m/s

Snell's Law:

nsin O, = n.sin 0,

Medium 1
Mediuimn 2

Elgctric

field

$

Low energy

Frequency (s~ ')

Visible light

3 < 10® 10'# 3 = 10" = 10'® = 10'*
I | 1 1 1! 1 1 | 1 !

wav:; Microwaves Infrared Ultraviolet X-rays rays
T T T T T T T T T T
107" 02" ors S0 107*" 1072 iw* 1w0* 10" 10

Wavelength (m)
K )
Aerospace Engineering
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Index of refraction: N=C/v= 70 >1

« Depend on variation of index of refraction
in a transparent medium and the resulting
effect on a light beam passing through the
test section

- Shadowgraph systems: are used to indicate
the variation of the second derivatives
(normal to the light beam) of the index of
refraction.

shadowgraph depicting the flow generated by a bullet
at supersonic speeds. (by Andrew Davidhazy )

« Schlieren Systems: are used to indicate
the variation of the first derivative of the
index of refraction

Schlieren images of the muzzle blast and
supersonic bullet from firing a .30-06 caliber
high-powered rifle (by Gary S. Settles )
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Visualization of a Schockwaves using Schiieren technique

"'\-\\"l L]
|:| >, < Light Source

Lens

Concave

Nozzle Mirror

( £ ~,
/ _ | Parallel Rays _ _
of Light /
\ £
~

Concave
Mirror
f = focal length

Enife Edge

Viewing
Screen

L)

Some of refocused
light is blocked by
knife edge.

After turning on the Supersonic jet

Before turning on the Supersonic jet

-

"y .
>, < Light Source

Vertical
Lens
. . Concave
Light bent by negative M
density gradient o
/ /\l
( - nE - _ a4 ]
v Ay
Light hent by positive
Concave density gradient
Mirror Flow
o light stopped
Viewing . o by knife edge
Screen

light passes knife edge

Image Darker
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Shadowgraph Schlieren

Displays a mere shadow

Displays a focused image
Shows light ray displacement Shows ray refraction angle, &
Contrast level responds to Contrast level responds to
o°n on
oy? oy

No knife edge used Knife edge used for cutoff
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Particle Image Welocimetry (PIV)

* Advantage:
* Whole flow field measurements
* Non-intrusive measurements

» Disadvantrage:
* Low temporal resolution
» Very expansive compared with
hotwire anemomerers and pitor-
static probes.

A. t=t,

To seed fluid flows with small tracer particles (~um), and
assume the tracer particles moving with the same velocity as
the low fluid flows.

To measure the displacements (A4L) of the tracer particles
between known time interval (At). The local velocity of fluid
flow is calculated by U= A L/At .

AL
(= i+ AL
AL
=t U="1

100 - spanwise - | - ‘ ‘ - 5.0m/s

[ spanwise
ook vorticity (15) " 9 07 -0.5-03-01 0.1 0.3 05 07 09—

T L L T L
100 150

C. Derived Velocity field

B. t=t,+10 us o
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Particle tracers: to track the fluid movement.
IHlumination system: to illuminate the flow field in the interest region.
Camera: to capture the images of the particle tracers.
Synchronizer: the control the timing of the laser illumination and
camera acquisition.
Host computer: to store the particle images and conduct image processing.
seed flow with Hlumination system

tracer particles (Laser and optics)

camera

| Host computer
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« Stereoscopic PIV technigue
 Dual-plane stereoscopic PIV technigue
« 3-D PTV technigue

« Holograph PIV technigues

« Defocus PV technigue

X \ Laser Sheet Miror # —F
S S-polarized laser_beam P-po&ize'_ Host computef =
S cylinder lens Ia%}neam =
l. l.. ] _:
Z Polarizer'cube =
Laser sheet_ W'th. - ser sheet with P-polarization direction
S-polarization direct

Measurement region Synchronizer
Lobed nozzle 80ppfn by 80mm high-resolution
Polarlzmg eam splitter cubes }lrror #4 CD camera 4
650mm

—-
—.
—.
~
—

Mirror #3

high-resolution

Cameral Camera 2

high-résolution
CCD camera 1

CCD camera 2

Stereo PIV technique
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Laminar Flows and Turbulent Flows

turbulent

u=u+u';, v=v+V' wW=w+WwW

L J i >Lam.nar T
\Mpﬁ I u= T tIou(x, y,z,t)dt

Dye streak

7, T
KSmooth, well-rounded
entrance

) Transitional
laminar —

i )Tmmm flow —— ,' ul: O, \7' — O W‘

(a) (b)
1

0

i
o
= ::i::L. N

to+T

1\ 2 1\ 2 . 1\ 2 1 2
()= Jwydt>0; )*>0 (w)*>0
t
Random,
turbulent fluctuations Tk ey
3
Turbulent 4000
bursts
w
£ 2 L
= Transitional
2 s
Q 2
2000 = =
1 Il £,
Q (%]
[a 4
Laminar
0 0
t, sec
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—
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>

Time-Averaged uly)

Velocity Profiles

Laminar Turbulent
¢ 5t
7777777 ::;/?7 7}7 3
Shaded Areas Have Equal Area
Free stream
T Velocity vector at y= 1) , oo u
i Displacement thickness: §* E[ (1 - —) d
! u=0.99U, ; vl
Z Boundary-laye‘
o thickness
p y = u u
S Momentum thickness: & = [ p— (1 - —) C@‘
g Wall 0 U U
0

S S S S S, S S
Velocity =i
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Review of Quasi-1D Nozzle Flow

dA du Throat
M-y Nl
A u u ingreasing
Subsonic flow Supersonic flow  Flow = S
(Ma < 1) (Ma > 1) M<l | M>1
/ dA >0 dA >0 I
dV<0 dvV >0
Flow =3
\ (a)
- Throat
M=1
dA <0 dA <0 :
u dec¢reasing
M>1 M<1

(e e /\

(b) (a)
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1st, 20 gnd 31 critic conditions

Flow decelerstimg
=y —

Flow Focelkeahbing
f=

fir=
—»

P, increasing

A mbient

nf=1

P, increasing

Flow 3oo :

— —
A=t bl 1st critic
__________________________ condition

1-1h:nFhw;ustchnledlgigégégégégii
v A mbient
Chambe ¥ Thmat
=1
Flow deco,
Flow oo iz -"I-_\?"i:

Ambient
Chamber ?'-'?n:at I
ng=1
Flow oo, Flowaoe, .
iy T I 25t critic
B condition
1(11) Shock ai exlt|
A mbient
Chammbe THmat
=1
SyperEonic
;ET Foo. Flow Fo0, i;;?gmm

flow with nawves

F.'Dw.a'c-:.l
Ni=1{

C¢

5t critic
ndition

Flow ao0

=1 1
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Lah #1: Flow visualization by using smoke wind tunnel

« Path line

- Streak lines v J— v

e Streamline
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Lab#02: Wind Tunnel Galibration

section

Test section

Drive Motor pA - pE = Ap
— *
=C*q,
14 q
0 > 1 .
7 _ * =
120 o =C oV
. 2
7
100 iR
Control Room g
Data Transfer Lines >O_ 80 P 7
fire o
O' rd
e o
/d :
40 /c — — — . Linear curve fitting
o) (o) Experimental data
o
20 o
go/
o
0 20 40 60 80 100 120 140

AP =P, -P_ (Pa)
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Lah #3: Pressure Sensor Galibration and Uncertainty Analysis

« Task #1: Pressure Sensor Calibration experiment

« Lab output:

Setra pressure
transducer
(to be calibrated)

A pressure sensor — Setra pressure transducer with a range of +/- 5 inH20
» It has two pressure ports: one for total pressure and one for static (or reference) pressure.

A computer data acquisition system to measure the output voltage from the manometer.

A manometer of known accuracy
* Mensor Digital Pressure Gage, Model 2101, Range of +/- 10 inH20

A plenum and a hand pump to pressurize it.
Tubing to connect pressure sensors and plenum

Calibration curve
Repeatability of your results
Uncertainty of your measurements

Mensor Digital
Pressure Gage A computer A plenum hand pump
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Lah#04 Measurements of Pressure Distributions around a Gircular Gylinder

DSA3217 (Shown)

1.5

0.5 A a LI Ou

-0.5

-2.5 A

-3.5

©EFD
= CFD
s AFD

theta (rad ) -->

»

Incoming flow

1 —

X
S R
2P
_p (F2V.sin O _1_4sin?6
V.,
1 7
N A U
0f-4 / \4 7’ —————
s 4l | \ L
\ v
WA
21 3 ',l 4"\ j —————
3 \\ﬁ/ \./ i
0 100 200 300 400
@ospace Engineering
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Labh#03: Airfoil Pressure Distribution Measurements

NACAO0012 airfoil with 32 pressure tabs

3.0
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f G— — 9O E>L<perimental data
0.4

0.2
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D

e
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Calibration
I;;?3V3
Lup Pup (3) U, Py U U
ﬁ/ """"""" — poU ij[ (¥) a1- (¥) )]dA,
(D — @] C - D B > U, U,
— ] B 10
o X u(y). B(y) : 2 .U (y) U (y)
] : =C,=— 1— d
— ) o= Py g
ettty ( Z)--“\Y“T """" s
) m4v Fressure rake with 41 total pressure probes
y (the distance between the %dﬁmm)
X

.&)mm

A

y

Copyright © by Dr. Hui Hu @ lowa State University. All Rights Reserved! @ospa ¢e Engineering




Lab 07: Hot wire measurements in the wake of an airfoil
——

y Pressure rake with 41 total pressure probes
(the distance between the w‘d:me)

A

80 mm

| ab#3 Test conditions:

Velocity: V=15 m/s

Angle of attack: AOA=0, and 12 deg.
Date sampling rate: f=1000Hz

Number of samples: 10,000 (10s in time)
No. of points: 20~25 points

Gap between points: ~0.2 inches

Lab#4 —

_» Hotwire probe
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30

20

10

Y (mm)

-10

-20

AerE3431 Lab+6: PIV Measurements of a Flapping Wing

Spanwise Vorticity
(1000*1/s)

-1.00 -0.60 -0.20 0.20 0.60 1.00

Flapping frequency: f = 60Hz

Chord length: C=12.7mm
Wing span: L=76.7 mm
Flow velocity: V=144 m/s

Y (mm)

-10

-20

[~ Spanwise Vorticity
- (1000*1/s)
30

20

10

-1.20 -0.80 -0.40 0.00 0.40 0.80 1.20

0 20 40 60
X (mm)

Flapping frequency: f = 60Hz

Chord length: C=12.7mm
Wing span: L =76.7 mm
Flow velocity: V =6.36 m/s
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Lah#09: Visualization of Shockwaves using Schileren technique

:
I:I m-“:( Light Source

= Under-

| expanded
q
Light hent hy negative ICIO.HC::B ﬂ ow
density gradient
/ g
- ] - a4 ]
(\. 7177 Flow
Light bent by positive C|Ose to
Co.ru:ave density gradient 3rd eritical
MMirror Flow
L light stopped
;{::::ig . o by knife edge

. light passes knife edge
Image
brighter Image Darker

\w/ -, 2nd critical —
" shock is at
. nozzle exit
_'_."-- _-\--\'-\.
_'_." . : \
: 1st critical —
. . Test section )
Tank with compressed air shock is

almost at the
nozzle throat.
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Lah#10: Set Up a Schiieren and/or Shadowgraph System to Visualize a
Thermal Plume

</‘ °

Point Source

Candle plume

Concave
Nozzle Mirror
£ -
| Parallel Rays _ _
of Light /
\ f
Ny
Concave Knife Edge
Mirror
f = focal length

Viewing

Screen
Some of refocused
light is blocked by
knife edge.
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Lah:11: Pressure Measurements in a de Laval Nozzle

Nozzle Pressure Tap Numbering Diagram

Test section

Tank with compressed air

Tap No. |[Distance downstream of throat (inches) |Area (Sq. inches) t
1 -4.00 0.800
2 -1.50 0.529
3 -0.30 0.480
4 -0.18 0.478
5 0.00 0.476
6 0.15 0.497
7 0.30 0.518
8 0.45 0.539
9 0.60 0.560
10 0.75 0.581
11 0.90 0.599
12 1.05 0.616
13 1.20 0.627
14 1.35 0.632
15 1.45 0.634
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lab#12: PIV measurements of the Unsteady Vortex Structures in the
an Airfoil

60

(S B I Y R L L L LA DL |

GA(W)-1 airfoil Before stall

25 m/s

—_—

shadow region

;vort: -4.5-35-25-1.5-05 05 15 25 35 45 i

| NIRRT TN N TSN NN SNNTA VI VI ST TN N TSN MR MV MM

40
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P o
c 3 0
5 01 x
§ >
£ -20
-
— - — C =2na 2
f ; G— — © Experimental data )
04— : : : :
{ -60
0.2
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0.35 |- O/G 0
0.30 |- -
. ‘ ‘ ‘ ‘ ) 20
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g o020 ?/Q —————— o 0
3) >
g 015 |
a -20
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. -40
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14 16 18 20
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X/C *100

After stall

25m/s
—_—
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-45-35-25-15-0505 15 25 35 45
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-20 0 20 40 60 80 100 120
X/C *100
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Lah+#13: Stereoscopic PIV technique and Applications

Laser Sheet v, IR T [ [

0.82 0.84 0.86 0.88 0.90 0.92 0.94 0.96 0.98 1.00 1.02
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==

Cameral Camera 2

Stereo PIV technique
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- B e e
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g | == £ [ _— =
Sl = — S 600 '\\\\\Qf/
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—_— - [— o R e B
Re. =52,000; o =5.0 deg. , Z A =S f =
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i e [ =]
— ; 200 e
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