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Derive Newton’s law of viscosity. Use sketches depicting the fluid flow between surfaces at
rest and moving, respectively. Provide the definition and units of each parameter. What can be
deduced from Newton’s law of viscosity? Depict the character of kinematic viscosity as a
function of temperature for a Newtonian liquid and gas (give examples) with the help of a
diagram.

Using sketches, define the two ways of describing fluid flow (Lagrangian and Eulerian
description). Give examples for practical uses. Define the following terms with the help of
examples: pathline, streakline, streamline, streamsurface, streamtube. Under what condition
would a pathline, streakline, and streamline align?

Depict the typical range of vapor, superheated vapor, saturated steam, and liquid on a pressure-
volume diagram of water. Define the ideal gas law. Define all parameters and provide their
units. Sketch the vapor pressure diagram of water, including characteristic points. Describe
cavitation and erosion, providing methods for avoiding them. Draw sketches and write practical
uses for each.

Derive the differential form of the hydrostatic equation and give the conditions for which it is
valid. Define each parameter and provide units. Under what conditions can the equation be
simplified? Provide the simplified form of the hydrostatic equation, along with definitions and
units for the parameters. Provide examples and engineering applications for which the
differential and simplified form of the hydrostatic equation should be applied.

Derive the integral form of the continuity equation and provide its physical meaning. Define
the parameters and provide their units. Apply the equation for a streamtube. Under what
conditions can the equation be simplified? Provide the simplified form of the continuity
equation for a streamtube, defining each parameter and providing units. Give examples for
practical uses. Derive the differential form of the continuity equation, taking into consideration
possibilities for simplification.

Derive the Euler equation and give the conditions for which it is valid. Define all parameters
and provide their units. Mark the components of local and convective acceleration within the
equation. Give examples for cases when the local and convective acceleration play and don’t
play a role in describing the flow, respectively.

Give the integral form of the Bernoulli equation for inviscid flow (lossless). Define each
parameter and provide their units. What conditions have to be satisfied in order to simplify the
equation? Derive the simplified form of the Bernoulli equation and write down its physical
meaning. Describe the static, dynamic and total pressure and the connection between them with
the help of examples.

Define the natural coordinate system. Derive the tangential, normal and binormal pressure
gradient components of the Euler-equation in the natural coordinate system for the following
conditions: steady flow and the effects of the fields of force are negligible. Define each
parameter and provide their units. Examine the streamwise component of Euler equation for a
convergent as well as a divergent nozzle. Examine the normal component of the Euler equation
if R is finite (curved arc) or infinite, respectively. Give examples for practical uses.

Derive the Thomson (Lord Kelvin) theorem (Kelvin’s circulation theorem). Give the
simplification conditions required for deriving the theorem. Define each parameter and provide
their units. Based on the theorem, give the necessary conditions for vorticity to form. Give an
example of a practical engineering use of the theorem with the help of a sketch.
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Derive Helmholtz’s I. and II. Theorems with the help of sketches. Define each parameter and
provide their units. Write down the consequences of the theorems with the help of relevant
engineering examples.

Derive the general form of the integral momentum equation, making the assumption that there
is a solid body within the control volume. Describe its physical meaning. Define each parameter
and provide their units. Provide information regarding the simplifications that can be made
when applying the integral momentum equation for the case of a free jet of water having a
constant velocity interacting with a still flat plate that is oriented perpendicular to it. Give
examples and practical engineering applications for the integral momentum equation.

Based on the Allievi theory, derive the equation for pressure change within a pipe for the case
of a suddenly closed valve. As related to Allievi theory, derive the wave propagation velocity
as a function of the reduced bulk modulus. Define each parameter and provide their units. Give
examples and practical engineering applications for the theory.

Draw the rheological curves of non-Newtonian fluids compared to Newtonian fluids. Describe
the properties of the fluids. Give examples for each type of fluid. Define each parameter and
provide their units.

Write down the Navier-Stokes Equation and compare it to the Euler Equation. Define each
parameter and provide their units. List the assumptions made in deriving the equation. Give
examples for its use (number of unknowns and equations to be solved).

Draw a sketch of and describe the Reynolds experiment. Define the Reynolds number and
derive its meaning (ratio of forces). By evaluating the results of the Reynolds experiment,
compare the characteristics of laminar and turbulent flow. Describe the components of the
velocity and pressure field in a turbulent flow?

In deriving pipe friction loss, the relationship between which dimensionless parameters needs
to be investigated? Provide the universal equation of pipe friction loss for a pipe having a round
cross-section. Show how this equation can be modified for use in determining friction losses
of a non-circular pipe? Define each parameter and provide their units.

Derive the friction factor for laminar flow of a pipe having a round cross-section. Provide
information regarding the application limits of this formula. Define the nth degree polynomial
velocity profile and show the connection between the average and maximum velocity. Sketch
the velocity distribution for a typical laminar and turbulent flow, providing the typical exponent
of each profile.

Sketch the Nikuradze diagram, indicating its typical domains. Describe the meaning of a
,hydraulically smooth pipe”. With the help of sketches, compare hydraulically smooth and
rough pipes. Give the Blasius formula and the conditions for its use. In engineering practice,
which diagram is used for determining the friction pipe loss as a function of Reynolds number
and relative pipe roughness?

Using a sketch, define the boundary layer and its main characteristics. Provide the five main
properties of the boundary layer, with examples. Provide, with examples, the two requirements
for boundary layer separation and methods for mitigating it. List examples of fluid system
components for which the boundary layer causes losses as a result of the following properties:
a) boundary layer separation and b) the boundary layer causes secondary losses.
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Give the Bernoulli Equation with the loss term. Give the general formula of the equation often
used in hydraulics for determining the relationship between the total pressure loss and the
dynamic pressure. Using sketches and equations, characterize the following types of losses: a)
diffuser, expanding nozzle loss, b) sudden expansion, Borda-Carnot sudden-expansion loss, ¢)
outlet loss, d) valve and throttle loss, €) sudden reduction of cross-section loss, f) inlet loss, g)
pipe bend and elbow loss.

Derive the Energy Equation. Define each parameter and provide their units. What conditions
have to be satisfied to simplify the equation? Define the relationship between the static,
dynamic, and stagnation temperature.

. Derive the speed of sound in gasses. Discuss the isentropic change of state applied in the

derivation and the simplifying conditions assumed in applying it. Define the Mach number.

Derive the critical temperature, density, and pressure ratios for flow out of the simple tank.
Ilustrate the example with the help of a sketch.

Using sketches and equations, analyze the flow out of a simple tank for the following cases
(the smallest cross-section is located at the exit of the opening): I) The pe/p: pressure ratio is
between 0.95 and 1. II) The pe/p: pressure ratio is between the critical pressure ratio and 0.95.
IIT) The pe/p: pressure ratio is under the critical pressure ratio. Take into account the following
considerations: a) the range of the pressure ratio, b) pressure at the smallest cross-section, c)
the approximate nature of the isentropic change of state, d) density at the smallest cross-section,
and e) velocity at the smallest cross-section.

Describe the role of a Laval nozzle with an example. Using sketches and equations, analyze
the characteristics of a properly designed Laval nozzle. Take into account the following
considerations: a) the range of the pressure ratio, b) pressure at the outlet cross-section, c) the
approximate nature of the isentropic change of state, d) density at the outlet cross-section, and
e) velocity at the outlet cross-section.

With the help of an example, using sketches and equations, derive the criteria for the similarity
of flows. Take into account the following considerations: a) conditions resulting from the
system of dimensionless differential equations, b) conditions resulting from the boundary
conditions, c) conditions resulting from the initial conditions (including unsteady effects).
Provide further criteria for cases when the density is not constant.

Define the components of the force acting on a body placed in flow. Define the static pressure
coefficient and the local friction coefficient and use them in characterizing the forces acting on
a body. Compare blunt and streamlined bodies concerning the extent of the wake and the main
source of drag force. Define the lift and drag coefficients. With the help of a diagram, describe
the lift and drag coefticients of an airfoil (an example of a streamlined body) as the function of
the angle of attack. Provide sketches describing the characteristic points of the diagram.

Using sketches and the example of a cylinder placed in a flow perpendicular to its axis (a typical
example of a blunt body), define the dimensionless parameters important during the
investigation of the drag force. Using a diagram, describe the drag coefficient of an infinitely
long and smooth cylinder as a function of the Reynolds number. Characterize the typical
domains of the diagram. Describe the effect of surface roughness and finite length on the drag
coefficient.
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[rja fel a folytonossag tétel integréal alakjat, és ismertesse, hogy milyen fizikai alapelvet fejez ki!
Magyarazza el az egyenlet tagjainak jelentését! Hogyan ¢és milyen feltételek mellett
alkalmazhat6 ez az alak dramcsore?

frja fel a folytonossag tétel differencialegyenlet alakjat, és ismertesse, hogy milyen fizikai
alapelvet fejez ki! Magyarazza el az egyenlet tagjainak a jelentését! Milyen egyszertibb alakjait
ismeri a tételnek, és azok milyen feltételek mellett alkalmazhatoak?

Hogyan szamolhat6 ki egy kor keresztmetszeti csOben aramlo kozeg térfogatdrama a v=v(r)
sebességmegoszlas ismeretében (kialakult cséaramlas)?

frja fel a hidrosztatika egyenletét, és ismertesse, hogy milyen fizikai alapelvet fejez ki!
Magyarazza el az egyenlet tagjainak jelentését! Mutassa meg az egyenlet megoldasat
Osszenyombhatatlan kdzeg esetén!

Hatdrozza meg a palya, az d&ramvonal és a nyomvonal fogalmat! Mit jelent, ha egy dramlés
staciondrius vagy instacionarius?

[rja fel és magyarazza a folyadékrészecske teljes gyorsulasat Euler-féle irasmodban!

[rja fel az Euler-egyenletet! Magyarazza el, hogy milyen fizikai alapelvet fejez ki az egyenlet és
milyen feltételek teljesiilése mellett érvényes! Magyardzza el az egyenlet tagjainak jelentését!

frja fel az Euler-egyenletet természetes koordinata-rendszerben stacionarius aramlas esetén!
Milyen kovetkeztetések vonhatok le a komponens egyenletekb6l? Alkalmazési példakon
keresztiil mutassa meg a természetes koordinata-rendszer hasznalatanak elonyeit.

frja fel a Bernoulli-egyenlet altalanos alakjat! Elemezze az egyes tagok jelentését, és mutassa
meg elhagyasuk és atalakitasuk feltételeit!

frja fel a Bernoulli-egyenlet forgd koordinata-rendszerben érvényes alakjat! Elemezze az egyes
tagok jelentését, ¢s mutassa meg elhagyasuk és atalakitasuk feltételeit!

Ismertesse a statikus-, dinamikus- és dssznyomas fogalmat és mérésiik mod;jat!

Mondja el a Pitot- és Prandtl-csoves sebességmérés moddjat, magyarazatat illusztralja
vézlatrajzzal!

Ismertesse a sebességmérésen alapuld térfogatdram mérési modszert kor és téglalap
keresztmetszetii csdvek esetén!

Ismertesse a mérOperemes €s Venturi-csoves térfogatdram mérési modszereket! Magyarazataban
részletesen térjen ki az atfolyasi szdm (o) megvalasztasanak modjara!

Hasonlitsa 0ssze eldnyds és hatranyos tulajdonséagaik alapjan a sebességmérésen alapul6 és a
mérdperemes térfogatdram mérési modszereket!

[rja fel az impulzus-tétel altalanos alakjat, és magyarazza el, hogy milyen fizikai alapelvet fejez
ki a tétel! Adja meg az egyenlet tagjainak a jelentését!

Rajzolja fel az aramlasba helyezett szarnyon keletkezd felhajtoerd é€s ellenallaserd vektorokat!

crcr
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Rajzolja fel jellegre helyesen a felhajtoerd- és ellenallas-tényezd valtozasat a megfuvasi szog
fliggvényében!

Ismertesse az Allievi-elmélet segitségével meghatirozott nyomasndvekedési Osszefliggést!
Milyen feltételek teljesiilése mellett érvényes? Mondjon példat az Osszefliggés gyakorlati
alkalmazasara!

Ismertesse ¢és magyarazza a Newton-féle viszkozitasi torvényt, és rajzoljon fel jellegzetes
reoldgiai gorbéket!

Mit értiink egy aramlas laminaris és turbulens jellegén? Ismertesse a Reynolds-kisérletet!

frja fel a Navier-Stokes egyenletet! Ismertesse az egyenlet fizikai tartalmat és felirasanak
feltételeit! Magyarazza el az egyenlet tagjainak jelentését!

Ismertesse a hatarréteg fogalmat és a hatarréteg levalas kialakulasanak folyamatat! Milyen
modszerekkel befolyasolhato a hatarréteg levalasa?

frja fel a strlodasos taggal bovitett Bernoulli-egyenletet, és hatirozza meg fizikai jelentését!

Adja meg az egyenes csOszakasz, a diffuzor, a Borda-Carnot atmenet és egy idomdarab (pl.:
tolozér, konyok) nyomasveszteségét meghatarozo dsszefliggést!

Hatarozza meg a cs6surlodasi tényezat, és jellegre helyesen rajzolja fel, hogy miként fiigg a Re
szamtol €s a cs6fal érdességétol! Magyarazza el a hidraulikailag sima és érdes cs6é fogalmat!

[rja fel az energiaegyenletet, és adja meg, hogy milyen feltételek mellett érvényes! Ismertesse,
hogy milyen fizikai elvet fejez ki az egyenlet!

Mit jelent két aramlas hasonlosaga, és adja meg Osszenyomhatatlan kdzeg esetén két dramlas
hasonlosaganak feltételeit!

Hatarozza meg a siiritett levegd tartalybodl torténd kidramlas sebességét egyszerii kiomlonyilés
esetén kiilonboz6 nyomasviszonyoknal!

Miért alkalmazunk a kritikus nyomasviszony alatti tartomanyban Laval-favokat? Mekkora ilyen
esetben az aramlasi sebesség a Laval-fuvoka legsziikebb és kilépd keresztmetszetében?

Magyarazza el a hangsebesség fogalmat! Irja fel a hangsebesség képletét differencialis alakban
tetszOleges kozegre, illetve izentropikus éaramlds esetén légnemii kozegre! Elemezze az
Osszefliggéseket!

Ismertesse a kavitacio fogalmat, és mondjon ra példat a miiszaki életbél! Hogyan lehet a
kavitaciot megsziintetni?

Ismertesse a Thomson illetve a Helmholtz I. és I1. 6rvénytételeket!



