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Introduction

Preface
Even before | lefScotland | knew my internship in Korea would be packed with new experiences,
unusual sights and interesting people. Howeué 2 dzf Ry Q dicteld th@\@rietyJAlBjuality of

the memories | have of my visithis report is a record of my time here; whatQ @S € S+ Ny G | 0 2 dz

and wind energy.

¢ KNRPdzZAK2dzi GKA& R20dzyYSyd L NBFSNI (2 {2dziK Y2NBI

R 2 y QéSouthlKéred evefyday conversatiowhenreferringto their country.

Organising this report has provetiallenging because many of the experiences ar@eoted and

separatingthemh 8y Qi Sl aeéd / 2yaSldSyates GKSNBE Aa az2ys d

context.

I have really enjoyed writing this becausean remember all the good times | had.

About Me
I amstudying for a Masters Degree in Mechanical Engineering at the University of Strath¢igue.

finishedmyi KANR &SI NJ 2F FAQS FyR LQft adl NI 7F2dz2NIK

| enjoy my course, especially the practical parts. lanmndeNB g KI & LQR fA1S G2
One of my main motivations of participating in this placement was to help me decide.

When | am not working | like playing badminton, juggling and snakeboarding. | also like building and
making things, especially vots!

IAESTE Summer Placement

We are strongly encouraged by our university togetk experience relevant to our Degre€here
is a lot of competition and industrial placemermsgprove our prospects of finding a good job when
we graduate Soon after | begn third year | madefinding a smmer placement for 2014 priority. |
was aware of IAESTE from previous years but none of the placehsappealed to me. This time
there were a few placements around the world f&cottishstudentsl was interested iiso lapplied
for them.

In March, | was delighted to discover | had been nominatedherdoingwind energy research in
Korea. | had never been to Asia (indeed | had never even left Europe) so | was very excited. | had
been given the opportunity to explom@n exotic country, work in a field | am interested in and get
paid to do it!

IAESTE is an international group of committees that organises placements asitigisgresearch
institutes andcompanies around the world. An interested student applies fac@ients through

their local committee. This committee then decides who is best suited to go on a given placement
and nominates the student to the committee in the country of the placement. If accdptebe
employer,the student receives support from tHeost committee and many aspects of the

LX F OSYSy (i Aa 2NEBFIYAASR FT2NJ GKSY®d L!9{¢9 Ifaz
encountered in the course of the placement.
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Korea Institute of Energy Research (KIER)

The Korea Institute of Energy Reseafch ) is a government institute based in
the city of Daejeon (). Daejeon is famous fddaedeok Innopolisa relatively small area that is
packed with scientifiorganisations There are two national universities with KAIST being considered
a toptechnical university that is one of the best in the country. There are over 20 major research
institutes and more than 40 corporate research centres that form this scientific cluster.

IworkedAy GKS G@2AYR 9ySNHE& wSaShkNOKE RSLI NLYSyd i
fuel cells, hydrogen energy, carbon sequestration and many other fields. Led by my host, Br Hyun

D22 YAYZ YLO9w NBOSyidfe NBfSIFaSR apstiowsitheRindvS a 2 dzND &
resources all over Korea. It is the accumulation of many years of measuring, recording, simulating

and validating.

| KIER-WindMap™
+ g t3 — b |
Wind Resource Map of Korea T SR A= EReNIE

National Wind Atlas
Korea Institute of Energy Research
National dissemination target of wind energy

has been established based on wind potentia
calculation by the national wind atlas

| : ¥
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e

s ) I : § 2 3 = Yy - i 3 5 < 3
jnssssssscssssssscsssssssscsncssnsacssanasannanaas TITYTTITITTITTITIT

Promotional Material for the Korea Wind Map

Website
| kept a blog (online journal) about Korea on my tonathan Tomieson (] Y o 7 [
website that | updatedveeklywith some of my I
experiencesThere are many blogs aboliting in
Korea so | tried to keep it personal and share my
thoughts and the things I did.

1got a dojang!

My blog will remain available to view in the future at:
www.jonathanjamieson.com

Recent Posts

o sy

The blog entry about my Dojang
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Preparing for and comin g to Korea

Preparation in Scotland

Once my placement was confirmed | needed to buy my plane tickets, insurance and sort out my visa.
I did have some problems getting a visa which caused a considerable amount of stress in the two
weeks befoe | left.It wasonly available for me to collect the day before | left for Korea! | travelled
down to London to pick it and | was very glad to get it on time.

| bought a bottle of whiskey and some small Scottish souvenirs to give as gifts. It is common in Korea

to exchame gifts after meeting someone. They should always be wrapped (although | confess |

RARY QO fgl&a &aiNR NS LIS e dheRiifkatydQrondiriostioe | YR K S
IA DS N . 2dz R2y Qi KI @S G2 LneBerscytire WilksonfethriesS A GH Y2
ask if they should opeit there and then because they know that is often what is expected.

| did read a number of guides on Korean etiquette so | had some idea of how | was supposed to

behave. This meant | coustvoidthe major fauxpas sucha$ S Ay 3 OK2 LA GA Ol a & dz0
as an offering to the dead), leaving my shoes onindoorssaNdh 1 Ay 3 &2YS2y SQa vy I YS
AYRAOI (1S4 i KidheeddhosRghideS arefdeigformal etiquette thatwould only be

observed on special occasions and possibly dining with the older generations.

For instancewhen drinking shots with your superior (usually age) then strictly speaking you should
turn away as you drink. Naturally, this is very awkward! | tbthe best way is to follow what others
do around you and follow their behaviour.

Fortunately most Koreans do not expect foreign people to know and follow all the customs. Provided
@2dz FNB LRtAGS YR R2y Qi R2 | yeérédeuygudllymoKl & A a dzy A
problems.

From Scotland to Korea

On Thursday "™ June | boarded the first plane of two planes for my journey to Korea. My parents

and Kimhad seen me off from the airport anadvias eager to get on my way. | had a few hours to

wait at the QarlesdeGaulleAy t I NA& F2NJ 6KS &aSO2yR LXIYyS FTNRY C
despite the impatient security staff angrily barking orders in thick French accents thaiative

Engish speaks were clearly struggling to understand.

When | headed to the departure gate I think it finally sunl

in that | was leaving Europe and going to Asia. There mu mmN AIR

have been well oveB00 passengers for the plane and 95%

of them were Korean. Ithink 0 Q& GKS FANBEVes ™~ the 706 does 1S
LQ@S FStdG 2dzi 2F LI -toGsBioks ¢ the Pepsi logo! 24 | &
person so | was unfazed. | later read it is at this moment

a2YS @2dzy3a LIS2LX S oOdzadz-fte 3A2Ay3A (2 GSFOK 9y3IfAs
themselves in for.

daly

L ¢l a @GSNEB LX SIFaSR (42 FAYR L ¢g2dZ RyQid 3ISi 02NBR
personal entertainment system where you could chose different films to watch. | managed to fit
three mindless Hiblywood action films in but no sép.
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Interrupting movie time waslinner, supper and breakfast. Because | was travelling Kotlean Ait

got my first taste of Korean food. It was good but very spicy. Actually, that sums up my experience of
GKS OdzA aAy S ¥F2NJ iKS ! ThédwBsRvidélyaceract wvapid &t tiie&Sy K S NB
airline dinners because | was given an A4 page with English instructions. The kind Korean gentleman
sitting next to me showed what to do.

aSNOATdzA f &8 (KS@&@ RARYQ(G dzasS G213 DR OA Ry RFENIAABS (K32
have been anightmare® S Kdzy ANEX onnnn FSSG Ay GKS FAN gA0K
YSGIEt OK2LIAGAO1A 42 Y& KeLRGKS&aAA (GKSNB 6SNB y2
a security hazard!

| pased through immigration in no time and waited 20 minutes to reclaim my suitcase. Some IAESTE
representatives were at the airport to meet me. Apparently one of them was allowed to skip
FFGSNYy22y fSO0Gdz2NBa 2yfeé AT K SwusdRdbked a littlgkr@ughsat ¢ A G K Y
that point!

| got on the bus from Inchedn ) Airport to Daejeon which takes three hours. | nearly got off at

the wrong place because | was told to wait two stops but the bus stopped at an unscheduled place
toletacouple2 ¥ LI 8aSy3ISNAR 2FFd 'a L aidz2z2R 02y ¥FdzaSR (Kl
NBLISIFG§SRf& AYyF2N¥SR YS a2y 0dzax 2y 0dzaé o

At Daejeon another IAESTE representative took me to my dormitory at KIER where | would be

staying for the first two weeks. By thsint | had been awake for 30 hours so | was quite put down

G2 FAYR y202Re& KIR NBIftAASR L ¢2dzZ RYyQld oNAy3a Ye
awaited me. | curled up with my Scotland flag as a blanket and feeling very patriotic, fgll. aslee

Ty Sy

KIER Dormitory Building The fetching pink bedding | bought for my
bed because it was the cheapest available
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My research at KIER

At the first meeting with my host, Dr Kim, gave me a selection of 5 projects in the wind energy field
to choosefrom. | spent the first couple of days looking at them in more detail. The options were:
wind speed prediction using streamline analysis, investigating wind at the government complex
towers in Daejeon, neural networks, Sirhowy valley test case and inaistjighe blockage effect.

This was an important decisipwhatever | chose would have a big influermremy time in Korea.
dzii K2y Sadtex FGSNIt221Ay3a 4 GKSY FT2NJ I FS¢
decision. They all lookegbod so | just picked one and hoped for the best!

Streamline Wind Prediction

Dr Kim hasmidea for short term wind prediction using streamline analysis. Initially interval data
over a period of time at a high resolution that covers a large area is ne@dedlata should have
the wind speed and wind directicat that moment in timegriddedacross the domain (area covered
by the data)

LON LAT WSPD WDIR

127.577 34,251 4.81 356.23

127.578 34.261 4.89 355.49 3

127.578 34.271 4.92 355.27

127.578  34.281 4.89  355.33

127.578  34.291 4.8  356.17

127.578 34.301 4.66 357.01

127.578 34.312 4.5 358.04

127.578 34,322 4.3 0.71

127.578 34.332 4.05 3.31

127.578 34.342 3.88 3.79

127.578 34,352 3.71 7.99

127.578  34.362 3.62 9.74

127.579  34.373 3.52 11.23

127.579 34.383 3.46 11.54

127.579 34.393 3.45 11.59

127.579 34.403 3.45 11.38

A small portion of the dataset An example domain covering South-

available East Korea
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From the wind speedagnitude and direction a wind vector plot can be credimdeach interval
Each arrow represents thepeed and direction at a point in the domain. The length of the arrow is
proportional to the magnitude of the speetilext, the location you want to prextiwind speed at

needs to be decided.

g 4
5 £
2 2 .
Easting Easting
Wind Vector Plot The red circle marks the location
where the wind speed is to be
predicted

¢KS f20FGA2y @2dz NB AYGSNBaldSR Ay OFy 0S SyidSNE
tracing streamlines yoaan create a curve that is an instantaneous tangent to the velocity vector of
the flow. The streamline shows the direction a fluid edarhwill travel in at any time. For each time

interval a streamline can be created.

Northing
Northing

Northing

Easting Easting

Easting

Streamlines at 3 different time intervals
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After analysing the streamlines, the prevailing wind patterns can be observed. A measurement
station can be located upstream of the wind farm. The ideal position for the measurement station
would be where the majoty of the streamlines passed through.

) - M
£ £
£ £
S S
z () z (-]
Easting Easting
An example of a good location for a An example of a bad location for a
measurement station based on the measurement station based on the
previous streamlines previous streamlines

After performing an analystke ideal result would find a correlation between the wind speed at the
measurement station and the wind farm location. If a linear relatfop between the wind speed
predicted by the theoretical model and the actual wind speed then this could be exaffuiriedr as

a real world method for wind speed prediction.

| was given access to data that covered the whole of South Korea in 1km resolution at an hourly time
interval. However, the software used to extract this from the data was not automated. You had to
take each time interval out individually and it was quitee consuming. To get around this problem

I met with two programmers from SELAB (Space Environment Laboratory) to discuss the
development of an automated program that could extract data from over a time perodever,

soon after this meeting Dr Kim ahdecided ttat both Voxler and Tecplot 360 weresuitable for

the purpose.

Initially | used Voxlera volumetric visualisation package from A\
Golden Software. While this software was simple to aise
produced very good visual results it was not well suited to
manipulating the data. If the final results are available then
Voxler would be a good choice but because | needed to
LISNF2NY +y FylLteara 2y RIFGL

R &y Qi | LILINE LINXR I (

Predicted Wind Speed

>

Actual Wind Speed

The graph that would prove this idea
works in principle
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& Vorler (data. 52t 00 oxb] [~ Leae - =i s =l Y e
@ File Edit View Create Tools Window Help =15 x|
NEHdRR I |[Ba@EX |9 2|ea O e g P =@M
Module Library 8 x| wetwork LIE
E
3 Viewer Window 0D
=14 Examples
.. Gold (ScatterPlot) | [] KIER_20070527_00H_L1 D3 1km.csvay
T Helens (ContourMap)
. Skull (VolRender) [ VectorPlot@D> b [¥] Axesor>
= Teddy (Orthoslice)

.2+ Torus (lsosurface)
5 Vortex (VectorPlot)
- Load Data
3 Graphics Output
-+ Annotation
o Axes
. BoundingBox
= ClipPlane

-+ Contours
= HeightField N\ \\
. sosurface \ N
=+ Obliquelmage A\ -~
.5 Ortholmage L\
~

B ScatterPlot
-+ Streamlines
= Text . -—k
-+ VectorPlot T \
= YolRender % ¢
=143 Computational Properties ax| R )
& ChangeType ¥ Auto Update | 2 B . . 1/)
,

. DuplicateFikter =l

Gridder @[>

\—[é smamunswg$

Gridder 2@[>

= ExclusionFilter = VectorPlot (id:5) (connected to Math) N p f / R
= Filter Orientati... XV Plane N \

B Gradient Frequency 2 [I ~. / |
= Gridder Sice |0 f =

= Math Vector St... Arrow 4 - =) L

= Merge Color M... Magnitude

= Resample Colorep NI N Rainbow =

= Sice =

Scale Me... Linear
B+ Subset

= Transform

Max Scale. 007194244604 [}
{4 Data Source Arrow Sc.. 0.7913663065 T
& Functionlattice
BaseSy.. 0 1}
= TestLattice
Reverse ... |[]

Min Scale 01679856115 1}

/23 General Modules

o Info Line Wid... 1395683408 {} / /
= Light Legend  [[] Show /

VectorPlot (id:5) ‘\L

Create a new document WS = 502,011 FPS =19.9/92.2

Screenshot of Voxler

Next, | tried Tecplot 360 fromecplot Incorporatedhich isdesigned to plot, animate and analyse
data. There was more @flearning curve to this software than Voxler so it took me a few days to get
familiar with the basics. The user is giverefinontrol and there were many options to experiment
with.

As | progressed | began using swipting functions that allow the user to automate procedutes.
believe that learning how to script is very beneficial when using any software that offers it. During
my first semester this year at university | had an introduction to ANSYS. The initial simplicity of the
GUI soon turned to frustratiowhen making evesmall changes proved very difficult.

Pagell



Sirhowy Valley

The Sirhowy Valley is an industrialised valle
in south Wales (United Kingdom) that is
named after the Sirhowy River that runs
through it.

Wind Farm

| was given instructions to creatdfiatitious
wind farmin the Sirhowy valley as a learning
exercise using WindSim. | also gained an e
appreciation for the processf developing a Sirhowy Vaftey’
wind farm. L

. e . Location of the Sirhowy Valley
| started by taking a grid file of the area in the

GWSileform G 'y R f2FRAYy3 Al Ayd2 2 AyR{AModéRBthedNBI 4GS |
ALX AG Ayid2 Yirye aOStfta¢é¢ OGKFIG FNB a2t SR RdzZNAy 3
the accuracy of the results. A low resolution (small nunddegells) will produce poor results

because the simulation is not accurate to the real world whilst a high resolution (many cells) will

take a very long time to solve. A compromise should be made where the lowest number of cells are

dza SR (K I i fidarghScamptdinisedhk acyufiacy of the simulation.

¢t2 FAYR GKAAa O2YLINRBYAAS | GRSLISYRSyOe GSaide akKz2d
are used until the error in the results stops reducing significantly. Due to time constraints | was
unable to perform one in this case.

The grid datdor the simulations | performed is shown below.

X y z Total
Grid spacing (m) 60 60 Variable -
Number of cells 183 150 25 686250

Digital Terrain Model Resolution at ground level

The next step is to generate the wind fields based on the 3D model. This is the most computationally
intensive part of the process and can takeery long period of time to solve depending on the
computer used and the complexity of the terrain. The wiiettis are determined by solving the
Reynolds Averaged NaviBtokes equationdBecause these equations are nlimear the solution
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process is iterative, the initial conditioase estimations and the solution is achieved by
progressively improving the eaderation. To check the solution has converdkd residuals are
monitoredfor each sector and they should tend to zero.

WindSim splits wind directions into sectors. The default number of sectors is 12, which solvis for 0
30°,60°,90°, 120¢°,150°,180°, 21, 240°, 270°, 300° and330°.

max :

min

The residuals have tended to zero for sector 9 (240°)
which means it has converged

¢KS ySEG adSLI Ay GKS LIN2OS&aa Aa GKS ahoeSoOGaté
Ot AYrdz2t23eQa FLLXASR IyR GSEGdNBa I RRSRo®

I had the choice to use one of four climatologies that were available from the Merra Atlas.

5216666

V.
1
\

$ N £
I 51733333"% I ;
Vo g 516666
g cardiffO 2 :
¥ o Bristol

’y

Four surrounding climatologies (yellow markers).
Sirhowy Valley is indicated by
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To decide which climatology to @$ applied them to the same location in the Sirhowy Valley area
and compared the results. | found that changing the climatology had little effect. | then applied them
to a different location in theSirhowy Valley and compared the results to the previass. tThey

were significantly different so | concluded that where | located the climatology had more effect than
which climatology | used.

To decide where | would locate the climatology in the Sirhowy Valley letempared the terrain of
the climatolog¢ @&étual position and tried to ensulematched this.

Using Google Earth | made a texture file that | applied to the model. This made it easier to visualise
the terrain because real features such as towns and rivers were shown. It also prelcraidg
turbines in areas that were clearly unsuitable (eg. Residential).

Sirhowy Valley texture

2NB L &adFNILISR GNBAY3I (2 LA HQR OMyaRizE § deNMSARY S
i2NJ -, %éd ¢KA& LI2006SR GKS 6AYyR &ALISSR a0l f
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Velocity Vector XYZ for Sector 9 (240°)

I chose to focus on Sector 9 because after examining the climatology file using Windographer | found
that the predominant vind direction was SouthVesterly.

After looking at the Velocity Vector XYZ plot in combination wiiatellite view of the area | chose
the location of the wind farm.

Wind Farm site indicated by black ellipse

I chose this loationfor a numberof reasons. The wind resources are good so there should be a
reasonable energy production from turbines located here. It is far enough away from realdent
areasso as not to cause a disturbance and there is plenty of rdtlemning permission would need

to be obtained from whomever owned that field.

After deciding the location of the wind farm the next step is to miite the turbines in the wind
farm area. Micrositingsias process where turbines are located to maximise wind energy production.
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There @ae some general rules to follow when siting wind turbinAdggeneral rule is that turbines
should be placed with a distance of at least two rotor diameggrart in the plane perpendicular to
the prevailing wind direction (SoutWesterly in this case). the plane parallel to the prevailing
wind direction a distance of at least 10 rotor diameters is needdtkse separations are necessary
to prevent wake loss; reduced wind speed at downwind turbines because of turbulence.

Turbulence is also caudédy anystructures or vegetation upstream of the turbines and should be
avoided. Large gradients also create turbulence and increase construction costs. Because | chose a
location with slopes on the western and eastern side | needeshgure the turbines were not

located too close to the edge.

Micro-siting is a complex operation that can take many simulations to optimise. Nowadays software
is capable of taking many didse factors into consideration.

Turbine Layout

This layout had an annual energy productio®8964.8 MWh/y with wake effects and 58901.7
MWh/y without wake effects. This means the wake loss is 16.87%.
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KIER Business Trips

Conference

Dr Kim invited Mr Wang ange to join him for a conference i@yeongjy yon7"and &

July It was hosted at thélilton Hotel and organised by KIER. There were various speakers and
workshops about energy related topics. Since they were all presented in Korean and Mr Wang and |
did not understandrery much but we tried to follow the slides.

Mr Wang did a presentation about the current status of wind energy in the United States. | gave a
presentation on Scottish wind energy and my research proposal.

SUMMER INTERNSH

Beginning my presentation Posing outside the venue

Summer School
From the 18thto 20th of JulyDr Kim Mr Wangand |

went to Kyung Hee Universify ) as part of : pp—
GKS aDt2olf /2ttF02NIGAL , " NI Y Ay
{dzaGFAYylIo0fS 5S@St2LISyiia N AR flySice

Kim had three afternoonteachingand we were there H n &
to provide assistance T

The students were all around my age but came from
different academic backgrounds (i@t necessarily
science or engineering). Dr Kim was keen to give the
a good introduction to something most had heard a
little about but neve given much thought or consideration.

Helping one of the groups

For the finalecture Mr Wanghad prepared a project on the wind farm development process. After
being split into teams, the students were given wind resource maps along with some other
information and challenged toadign a wind farm.

Although greatly simplified from the real world it was still complicatek As expected, the initial
reaction was confusion and befuddlement. However, 4 hours later | think everyone (including me)
had learned more than could ever baught by gpresentation
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LIDAR Demonstration i Pohang

On Monday 2% August | went with Mr An to Jangsain( ) to collectLIDARL(ight Detection
And Rangingequipment and take it to POSTECH university in PoRED§TECH is a private
university that iganked as one of the best for science and technology in Asia. On Tuesday Mr An
was to give a demonstration to graduate students.

Panorama of the Jangsan-ri test site

We arrived to Pohang late in the evening so after dinner we
went to find somewhere tstay. | had seen many before but
this was the first time | had been to a matel

In Korea, a motel iglwaysl & f 23S Y23GStéd ¢KAA YAIKEG az2dz/R
seedy and dodgy but actually they are great places to stay.

They are kept clean arate much cheaper than regular

hotels. Many of the people staying will actually be those on

business or travellingsgome motels have fancy decorations

YR GKSYS& odzi (GKS 2yS 68 &0 @EgesqieRARY Qi @

¢tKS RSY2yaiduN}GA2Yy 2y 2SRySaRFe ySIENIe& RARyQil 32
becauseof the heavy rain. Thankfully the sky cleassd we

got outside. The group was consisted of graduate students

from various instituions and universities.

The LIDAR equipment is very heavy and very expensive. It is
the most accurate method of wind measurement and this
particular model could measure up to 500m high. Mr An demonstrating the software

Desktop computer, Jacuzzi!
widescreen TV and a
double bed in the motel
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