COURSE DESCRIPTION

1. GENERAL INFORMATION

SCHOOL | CIVIL ENGINEERING

DEPARTMENT
EDUCATION LEVEL | UNDERGRADUATE
COURSE CODE | 1015 | SEMESTER | 4

COURSE TITLE | FLUID MECHANICS

COURSE UNITS HOURS ECTS CREDITS

O€ TTEPITITWAN TTOU 01 OIOAKTIKEG ATTOVEUOVTAI OE OIQKPITA €PN TOU IABAUATOG TT. X.
AiaAééeig, Epyaotnpiakég AOKRoeIS K.ATT. Av ol SI0QKTIKEG ATTOVELIOVTQI EVIQia yia TO
gUvoAo Tou pabnuarog avaypayrerigeBoouadiaicgwpes d1daoKkaAiagkaiToauvoAo
TwV OIOAKTIKWYV [ovadwv / ECTS

lMpoobéoTe aeipég av xpeiaarei. H opyavwon didaokaliag Kai o1
OI0QKTIKES [1E60O0I TTOU XPNTILOTTOIOUVTAI TTEQIYPAPOVTAI AVAAUTIKA OTO 4.

COURSE TYPE: | MANDATORY

[evikoU YmmoaBpou, Eidikou YréBabpou, EidikétnTag

PREREQUISITE KNOWLEDGE: Mathematical Analysis & Linear Algebra, Multivariable Calculus,
Differential equations, Mechanics of deformable solids

COURSE AND EXAMS LANGUAGE: | GREEK

COURSE OFFERED TO| NO
ERASMUS STUDENTS:

COURSE WEBSITE (URL): | https://helios.ntua.gr/course/view.php?id=1529

2. LEARNING OBJECTIVES

Learning Objectives
lepiypapovral Ta pabnaiakd amoreAéouara Tou uabruaTog oI GUYKEKPIUEVES YVWOEIS, OEEIOTNTES KAl IKAVOTNTES
KaraAAnAou emirédou mou Ba aTTOKTHOOUV OI QOITNTEG UETA TNV ETTITUXT OAOKANPWON ToU uabnuarog.
SupuBouAcureite o lMNMapdptnua A
o [lepiypagn Tou Emimédou Twv Mabnaoiakwy AmoteAeaudrwy yia kGOe éva kUkAo atmoudwv oUuewva e lNAaioio Mpoadviwy rou
Eupwrraikou Xwpou Avwrartng Ekmraideuong
o [lepiypagikoi Acikteg Emmimédwy 6, 7 & 8 rou Eupwrraikou lMAaigiou lNMpoodviwy Aig Biou Mabnaong kai lMapdptnua B
o [lepiAnmTik6g Odnyos auyypaens Mabnoiakwy AmmoTeAsoudTwv

The course aims to provide students with knowledge of the fundamental laws of Fluid Mechanics and ability
to solve problems regarding stagnant fluids and fluids in motion. It includes the computation of hydrostatic
forces on plane and curved surfaces submerged in a fluid at rest. Also, the course material includes the
computation of flow parameters of ideal and real fluids. The flow is analyzed using the control volume
approach and the differential analysis. Typical cases of laminar flow are analyzed. Finally, an introduction
in turbulent flow is provided.

Upon the successful completion of the course the students will be able to:

e calculate hydrostatic forces on plane and curved surfaces submerged in a fluid at rest

e to use control volume analysis to calculate flow parameters (velocity and pressure) as well as the
dynamic loads on structures that contain a moving fluid or they are submerged in a moving fluid
calculate flow rate through orifices, over weirs and under sluice gates

calculate lift and drag forces on bodies submerged in a moving fluid

calculate the velocity and shear stress distribution in laminar flow fields

draw the Energy Grade Line (EGL) and Hydraulic Grade Line (HGL) in closed systems




General abilities

AauBavovTagumrown Tic YEVIKES IKAVOTNTES TTOU TTPETTEI VA EXEI ATTOKTHOEI O TITUXI0UXOG (OTTWS QUTEC avaypd@ovTal GTO
lNapéprnua AimAwparog kai mapariBevral akoAoUBwg) o€ moia / TToIEG AT QUTES ATTOOKOTIEI TO UGonuas;.

Avadnmon, avdAuon kai ouvBeon OedOUEVWY  Kal 2X€01a0UOS Kal OlaxEipion Epywv

TANPOQOPIWY, HE TN XPACON Kal TwV Qmapaitniwyv ZeBaouog arn d1apopeTIKOTNTA Kal aTNV TTOAUTTOAITIOUIKOTNTA 2€RA0UOS
TEXVOAOYIWV 070 QUOIKO TTEPIBAAAOV

lNpooapuoyn o€ véeg karaaTtaaeis Anwn Emideiénkoivwvikng, emayyeAuarnikngkainOikng umeubuvorniag kai
amopdoewv euaiobnoiag og Béuara puAou

Aurévoun epyacia Ouadikn A0oKNon KPITIKAS Kal QUTOKPITIKAG

epyaacia lNpoaywyn g eAeUBEPNS, ONUIOUPYIKAS KAl ETAYWYIKAS OKEWNS

Epyaaoia o€ diebvég mepiBariov
Epyacia g€ diemoTnuoviké mepiBdAiov
lMapaywyn véwv EpEUVNTIKWV IOEWV

Autonomous work
Promotion of free, creative and inductive thinking
Generation of new research ideas

COURSE DESCRIPTION

Vi.

Vii.

viii.

Introduction: Fluid characteristics.

Hydrostatics: Basic equation of hydrostatics, pressure distribution in homogeneous and density-
stratified fluids, manometers, hydrostatic forces on plane and curved surfaces, Archimedes' principle,
buoyant force on submerged and floating bodies.

Kinematics: The velocity field, Eulerian and Lagrangian flow descriptions, the acceleration field,
streamlines, streaklines, pathlines, motion and deformation of fluid elements, vorticity, circulation.
Control volume approach (one-dimensional analysis): System and control volume, Reynolds transport
theorem, conservation of mass-Continuity equation, Newton's second law-Momentum equation, First
Law of Thermodynamics—Energy Equation. Energy and hydraulic grade lines. Hydraulic machinery
(pumps and turbines).

Differential analysis of the flow: equation of continuity and Navier-Stokes equations.

Ideal fluids and applications: Euler and Bernoulli equations, irrotational flow, potential and stream
function, Laplace equation, Pitot tube. Flow separation and cavitation. Flow discharge through orifices,
time to drain a container, trajectory of free jets, flow over weirs and flow under sluice gates.

Viscous fluids: Reynolds number, laminar and turbulent flow. Lift and drag forces on bodies
submerged in a moving fluid.

Laminar flow: Couette and Poiseuille flow.

Turbulent flow.

TEACHING METHODS — STUDENT ASSESSMENT

TEACHING METHODS: | Face to face teaching
lNpéowrroue mpéowrro, EEamoordoswg
EKTTAIOEUON K.ATT.

TEACHING MEDIA: | Use of ICT in teaching and communication with students
Xprion T.[.E.atnAidackalia, atnv
Epyaatnpiakny Ekmaideuan, atnv Emkoivwvia

LETOUS QOITNTES
ACTIVITY IMPORTANCE
COURSE ARRANGEMENT:
lNeprypdeovral avaAutikd o TpOTTog Kai €6odol
di1daokaliag.
AiaAégeis, Sepvapia, Epyaatnpiakn Aoknon, Aoknon | Lectures in class using 52
lediou, MeAérn & avdAuon  BiBAioypagiag, blackboard and PowerPoint
®povrioripio, [paktiky (Tomobérnan), KAvikn . .
Aoknon, KaMirexviké Epyaorripio, AiadpacTikr _slldes, solving example problems
Sidaokadia, Ekmaideumkéc emokéwerg, Exkmévnon | in class.




HEAEINS (project), Suyypaegr epyaciag / epyaciwy, Study 39
KaAAitexvikn dnuioupyid, K.ATT.

Avaypdgovrai o1 WPES HEAETNS TOU QoITNTH Yia KGOE
uabnoiakn o6pactnpEIdTNTa KaBWs Kal Ol WPES un
KaBodnyoupuevng HEAETNG WOTE O GUVOAIKOS POPTOG
epyaciag og emiredo e€aunvou va avrioToIXEl aTa
standards rou ECTS

Students are provided with five 25
series of problems as homework
for practicing.

The solutions are uploaded at the
website of the course.

Preparation for the final exam 20

136
OVERALL:

STUDENT ASSESSMENT: | Final written exam (100%) which includes problems for solving.
Mepiypagn g Siadikaoiag agioAdynong It may also include multiple choice questions.

MNwooa  AloAdynong,  MéBodor  aioAdynong,
Aiquoppwriky 1 Zuumepacuarikn,  Aokipacia
MoAAamAng  EmAoyng, Epwrioeis  2uvroung
Amavrnong, Epwrroeis Avarmrruéng Aokipiwv, EmriAuon
lMpoBAnudrwv, [pammy Epyaocia, Ek6eon /
Avagopd, lMpogopikn E&éraon, Anuooia
lNMapouaiaon,  Epyaotnpiaky  Epyacgia,  KAvikn
Eééraon AoBevoug, KaMAirexvikn Epunveia, AAMn /
AMec

Avagépovtal pnrd mpoadIopIouéva KpITAPIa
aéloAbynong kai eav kai ou givar mpooBaaiua arrod
TOUS QOITNTES.

5. TEXTBOOKS - BIBLIOGRAPHY

-Mpoteivéuevn BiBAoypaepia :

1. Noutsopoulos G., Christodoulou G. (2010). Fluid Mechanics Lessons for Civil Engineers, Fountas
Editions. (in Greek)

Liakopoulos A. (2019). Fluid Mechanics, 2™ edition, Tziolas editions. (in Greek)

Elger D.F., Wiliams B.C., Crowe C.T., Roberson J.A. Engineering Fluid Mechanics.
Papakonstantis I. Fluid Mechanics. Slides uploaded at the website of the course. (in Greek)
Papanicolaou P. Fluid Mechanics. Notes uploaded at the website of the course. (in Greek)

Papathanasiadis T. (2006). Fluid Mechanics - Solved Problems issue. Uploaded at the website of the
course. (in Greek)
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-Juvaen emoTNUOVIKA TEPIODIKA:

Journal of Fluid Mechanics

Physics of Fluids

Experiments in Fluids

Environmental Fluid Mechanics

Journal of Hydraulic Engineering (ASCE)
Journal of Hydraulic Research (IAHR)
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