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Q1-The drag force exerted on a car by
air depends on a dimensionless drag
coefficient, the density of air, the car
velocity, and the frontal area of the car.
That is, FD = function (CDrag, Afront, ro,
V). Based on unit considerations alone,
obtain a relation for the drag force.





Q2- At 45° latitude, the gravitational acceleration
as a function of elevation z above sea level is
given by g =a - bz, where a =9.807 m/𝑠2 and b
=3.32 x 10−6 𝑠−2. Determine the height above
sea level where the weight of an object will
decrease by 1 percent.





Q3-The pressure in an automobile tire
depends on the temperature of the air in
the tire. When the air temperature is 25°C,
the pressure gage reads 210 kPa. If the
volume of the tire is 0.025 𝑚3, determine
the pressure rise in the tire when the air
temperature in the tire rises to 50°C. Also,
determine the amount of air that must be
bled off to restore pressure to its original
value at this temperature. Assume the
atmospheric pressure to be 100 kPa.





Q4-The ideal gas equation of state is very simple, but its range of
applicability is limited. A more accurate but complicated equation is the
Van der Waals equation of state given by

where a and b are constants depending on critical pressure and
temperatures of the gas. Predict the coefficient of compressibility of
nitrogen gas at T =175 K and v= 0.00375 𝑚3 /kg, assuming the nitrogen to
obey the Van der Waals equation of state. Compare your result with the
ideal gas value. Take a = 0.175 𝑚6.kPa/ 𝑘𝑔2 and b = 0.00138 𝑚3 /kg for
the given conditions. The experimentally measured pressure of nitrogen
is 10,000 kPa.



Bir akışkanın üzerine basınç
uygulandığında sıkıştığı, öte
yandan akışkanın üzerindeki
basınç düşürüldüğünde ise
akışkanın genleştiği bilinen bir
özelliktir. Diğer bir değişle
akışkanlar basınca karşı elastik
katılar gibi davranırlar. Dolayısıyla
katılar için tanımlanan Young
elastik modülüne benzer şekilde
akışkanlar içinde sıkıştırılabilirlik
katsayısı K (coefficient of
compressibility) tanımlanabilir.



Q5-Carbon dioxide enters an adiabatic
nozzle at 1200 K with a velocity of 50
m/s and leaves at 400 K. Assuming
constant specific heats at room
temperature, determine the Mach
number (a) at the inlet and (b) at the exit
of the nozzle. Assess the accuracy of
the constant specific heat
approximation.





Q6-A thin 30-cm 3 30-cm flat plate is pulled at 3 m/s
horizontally through a 3.6-mm-thick oil layer
sandwiched between two plates, one stationary and
the other moving at a constant velocity of 0.3 m/s, as
shown in Fig. P2–81. The dynamic viscosity of the oil is
0.027 Pa.s. Assuming the velocity in each oil layer to
vary linearly, (a) plot the velocity profile and find the
location where the oil velocity is zero and (b) determine
the force that needs to be applied on the plate to
maintain this motion.







Q7-A thin plate moves between two parallel, horizontal,
stationary flat surfaces at a constant velocity of 5 m/s. The
two stationary surfaces are spaced 4 cm apart, and the
medium between them is filled with oil whose viscosity is
0.9 N.s/ 𝑚2 . The part of the plate immersed in oil at any
given time is 2-m long and 0.5-m wide. If the plate moves
through the mid-plane between the surfaces, determine the
force required to maintain this motion.

• What would your response be if the plate was 1 cm from 
the bottom surface (h2) and 3 cm from the top surface 
(h1)?

• b) If the viscosity of the oil above the moving plate is 4 
times that of the oil below the plate, determine the 
distance of the plate from the bottom surface (h2) that will 
minimize the force needed to pull the plate between the 
two oils at constant velocity.





In steady laminar flow, the fluid velocity 
between the plates varies linearly 
between 0 and V, and thus the velocity 
profile and the velocity gradient are







Q8-







Q9-The water in a tank is pressurized by air, and the pressure is
measured by a multifluid manometer as shown in Fig. P3–12.
Determine the gage pressure of air in the tank if h1 =0.4 m, h2 = 0.6 m,
and h3 = 0.8 m. Take the densities of water, oil, and mercury to be
1000 kg/ 𝑚3, 850 kg/ 𝑚3, and 13,600 kg/ 𝑚3, respectively.





Q10-The basic barometer can be used to measure the height of a
building. If the barometric readings at the top and at the bottom of a
building are 730 and 755 mmHg, respectively, determine the height
of the building. Assume an average air density of 1.18 kg/ 𝑚3.





Q11-Two chambers with the same fluid at their base are separated
by a 30-cm-diameter piston whose weight is 25 N, as shown in Fig.
P3–54. Calculate the gage pressures in chambers A and B





Q12-A 6-m-high, 5-m-wide rectangular plate blocks the end of a 5-m-
deep freshwater channel, as shown in Fig. P3–75. The plate is hinged
about a horizontal axis along its upper edge through a point A and is
restrained from opening by a fixed ridge at point B. Determine the
force exerted on the plate by the ridge.





Q13-A water trough of semicircular cross section of radius 0.6 m
consists of two symmetric parts hinged to each other at the
bottom, as shown in Fig. P3–79. The two parts are held together by
a cable and turnbuckle placed every 3 m along the length of the
trough. Calculate the tension in each cable when the trough is
filled to the rim.







Q14-A cylindrical tank is fully filled with water (Fig. P3–80). In order 
to increase the flow from the tank, an additional pressure is applied 
to the water surface by a compressor. For P0 =0, P0 =3 bar, and P0 =
10 bar, calculate the hydrostatic force on the surface A exerted by 
water







Q15-A 4-m-long quarter-circular gate of radius 3 m and of negligible 
weight is hinged about its upper edge A, as shown in Fig. P3–88. The 
gate controls the flow of water over the ledge at B, where the gate is 
pressed by a spring. Determine the minimum spring force required 
to keep the gate closed when the water level rises to A at the upper 
edge of the gate.







Q16-Consider a 1-m wide inclined gate of negligible weight that
separates water from another fluid. What would be the volume of
the concrete block (SG = 2.4) immersed in water to keep the gate at
the position shown? Disregard any frictional effects.







Q17-An elastic air balloon having a diameter of 30
cm is attached to the base of a container partially
filled with water at +4°C, as shown in Fig. P3–151. If
the pressure of the air above the water is gradually
increased from 100 kPa to 1.6 MPa, will the force on
the cable change? If so, what is the percent change
in the force? Assume the pressure on the free
surface and the diameter of the balloon are related
by P = C D𝑛 , where C is a constant and n = -2. The
weight of the balloon and the air in it is negligible.







Q18- A room in the lower level of a cruise ship has a 30-cm-
diameter circular window. If the midpoint of the window is 4 m
below the water surface, determine the hydrostatic force acting on
the window, and the pressure center. Take the specific gravity of
seawater to be 1.025.
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