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Volumetric Flow Rate and Velocity

Activity 1: Case Studies

Question Group 1

Question 1

Fluid in a pipe undergoes a sudden change from a wide cross-sectional area to a
narrow cross-sectional area as it flows from location A to location B.

Area=
0.080 m?

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?

The QB is the Qa.
The vB is the va.
Question 2

Fluid in a pipe undergoes a sudden change from a wide cross-sectional area to a
narrow cross-sectional area as it flows from location A to location B.

0.020 m?

Area=
0.080 m?

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?

The Qs is the Qa.

The vs is the va.




Question 3
Fluid in a pipe undergoes a sudden change from a wide cross-sectional area to a
narrow cross-sectional area as it flows from location A to location B.

Area=
0.090 m?

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?

The QB is the Qa.
The vs is the va.
Question 4

Fluid in a pipe undergoes a sudden change from a wide cross-sectional area to a
narrow cross-sectional area as it flows from location A to location B.

Area=
0.060 m?

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?

The Qs is the Qa.

The vs is the va.




Question Group 2

Question 5

Fluid in a pipe undergoes a sudden change from an area with a large diameter (D) to an
area with a small diameter (D) as it flows from location A to location B.

Ae oB

D=
0.20m

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?

The QB is the Qa.
The vB is the va.
Question 6

Fluid in a pipe undergoes a sudden change from an area with a large diameter (D) to an
area with a small diameter (D) as it flows from location A to location B.

Ao <B

D= 0.08 m

0.16 m

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?

The Qs is the Qa.

The vs is the va.




Question 7
Fluid in a pipe undergoes a sudden change from an area with a large diameter (D) to an
area with a small diameter (D) as it flows from location A to location B.

Ae oB

D= 0.06 m

0.12m

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?

The QB is the Qa.
The vB is the va.
Question 8

Fluid in a pipe undergoes a sudden change from an area with a large diameter (D) to an
area with a small diameter (D) as it flows from location A to location B.

Ae oB

D=
0.10m

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?

The Qs is the Qa.

The vs is the va.




Question Group 3
Question 9
Fluid in a pipe undergoes a sudden change from a narrow cross-sectional area to a

wide cross-sectional area as it flows from location A to location B.

B
A o o
Area=
0.040 m?
Area=
0.080 m?

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?

The QB is the Qa.
The vB is the va.
Question 10

Fluid in a pipe undergoes a sudden change from a narrow cross-sectional area to a
wide cross-sectional area as it flows from location A to location B.

Area=
0.040 m?

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?

The Qs is the Qa.

The vs is the va.




Question 11
Fluid in a pipe undergoes a sudden change from a narrow cross-sectional area to a
wide cross-sectional area as it flows from location A to location B.

Area=
0.080 m?

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?

The QB is the Qa.
The vs is the va.
Question 12

Fluid in a pipe undergoes a sudden change from a narrow cross-sectional area to a
wide cross-sectional area as it flows from location A to location B.

Area =
0.120 m?

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?

The Qs is the Qa.

The vs is the va.




Question Group 4

Question 13

Fluid in a pipe undergoes a sudden change from an area with a small diameter (D) to an
area with a large diameter (D) as it flows from location A to location B.

0.040 m D =

0.080 m

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?

The QB is the Qa.
The vB is the va.
Question 14

Fluid in a pipe undergoes a sudden change from an area with a small diameter (D) to an
area with a large diameter (D) as it flows from location A to location B.

0.030 m D=
0.060 m

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B

compare to that at A?
The Qs is the Qa.




Question 15
Fluid in a pipe undergoes a sudden change from an area with a small diameter (D) to an
area with a large diameter (D) as it flows from location A to location B.

D=
0.090 m

How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B
compare to that at A?
The Qs is the Qa.

Question 16
Fluid in a pipe undergoes a sudden change from an area with a small diameter (D) to an
area with a large diameter (D) as it flows from location A to location B.

D=
0.120 m
How does the volumetric flow rate (Q in m3/s) and the flow velocity (v in m/s) at B

compare to that at A?
The Qs is the Qa.




Activity 2: Ranking Tasks
Question Group 5
Question 17

Consider the three situations in which fluid in a pipe flows between regions with a
different cross-sectional area (A). Rank the Vout values for the three situations.

~

-

Ain = 0.002 m?
Kp\out - 0008 mzj
Question 18

Vin Vout
U=
Aout
Ain
Vin - 5 Cm/S
Ain = 0.004 m?

@out = 0002 mzj

Vin Vout
—t))
Ain
AOU‘
Ain = 0.006 m?

\A\out - 0012 mzj

Consider the three situations in which fluid in a pipe flows between regions with a
different cross-sectional area (A). Rank the Vout values for the three situations.

/

Vin Vout
03
Aout
Ain
in=95 cm/s
Ain = 0.004 m?

\Aom =0.002 m2/

Vin Vout
{))
Ain
Aout
Ain = 0.006 m?

4 )

Aout
Vin =20 cm/s
Ain = 0.002 m?

\Aout - 001 2 mzj

\Aom =0.008 m2/




Question 19

Consider the three situations in which fluid in a pipe flows between regions with a
different cross-sectional area (A). Rank the Vout values for the three situations.

4 —)

Vin Vout
Aout
Vin=12 cm/s
Ain = 0.006 m?
\Aout =0.012 m2)

Question 20

4 )

Vin Vout

Aout
Vin - 20 Cm/S
Ain = 0.002 m?

kAout = 0.008 m2/

Vin Vout
Aout
Ain

Vin=5cm/s
Ain = 0.004 m?

\Aout = 0.002 mzj

Consider the three situations in which fluid in a pipe flows between regions with a
different cross-sectional area (A). Rank the Vout values for the three situations.

4 —)

~

4 )

Vin Vout
Aout
Vin=12 cm/s
Ain = 0.006 m2

\Aout =0.012 mzj

Vin Vout
Ur—
Aout
Ain
in=5cm/s
Ain = 0.004 m?

@out - 0002 mzj

Vin Vout
—4))
Ain
Aout
Vin =20 cm/s
Ain = 0.002 m?

kAOUt =0.008 mzj




Question Group 6
Question 21

Consider the three situations in which fluid in a pipe flows between regions with different

diameters (D). Rank the Vout values for the three situations.

- )

-

Vin Vout
U—
AOUt
Ain
Vin=12 cm/s
Ain=0.012 m?2
\p\out - 0006 mzj
Question 22

Vin Vout
—t))
Ain
Aout
Ain = 0.004 m?

@out = 0016 m2/

~

Vout

-

Vin

Aout
Vin =32 cm/s
Ain = 0.006 m?

\Aout =0.012 m2/

Consider the three situations in which fluid in a pipe flows between regions with different

diameters (D). Rank the Vout values for the three situations.

/

Vin

~

Aout
Vin =40 cm/s
Ain = 0.004 m?

@out =0.016 mzj

a4 N

Aout
Vin =32 cm/s
Ain = 0.006 m?

@out =0.012 mzj

Vin Vout
Aout
Ain

Ain =0.012 m?

\Aout = 0.006 mzj




Question 23

Consider the three situations in which fluid in a pipe flows between regions with different
diameters (D). Rank the Vout values for the three situations.

~

4 \

( NG O\\/ou.

Vin Vour
= [
Aout
Vin =32 cm/s
Ain = 0.006 m?
\Aout =0.012 mz)

Question 24

Aout
Ain

Vin=12 cm/s
Ain =0.012 m?

@out =0.006 mzj

Vin Vout
{))
Ain
AOU‘
Vin =40 cm/s
Ain = 0.004 m?

\Aout =0.016 mzj

Consider the three situations in which fluid in a pipe flows between regions with different

diameters (D). Rank the Vout values for the three situations.

~

~

-

Vin

4 )

Vin

\ OVout

—4))

Vin Vout
|
Aout
Vin=40 cm/s
in=0.004 m?

\Aout =0.016 mzj

Y —
Aout
Ain
Vin=12 cm/s
in=0.012 m?2

@out = 0.006 mzj

Aout

Vin =32 cm/s
in = 0.006 m2

\Aout =0.012 mzj

Ain




Question Group 7
Question 25

Consider the three situations in which fluid in a pipe flows between regions with a
different cross-sectional area (A). Rank the Vout values for the three situations.

4 )

Vin Vout
Dout
Din =0.020 m
\Dout = 0080 m/

Question 26

4 )

\

b

Vout

Vin Vout
Din
Dout
Vin =32 cm/s
Din =0.060 m

\Dout =0.120 m/

Din
Vin=6 cm/s
Din = 01 OO m

eout =0.050 mj

Consider the three situations in which fluid in a pipe flows between regions with a
different cross-sectional area (A). Rank the Vout values for the three situations.

~

VOU'

B

Din
Vin=6 cm/s
Din=0.100 m

\Dout == 0.050 m/

-

Vin

\

VOUt

Dout
Vin =48 cm/s
Din =0.020 m

\Dout = 0.080 mj

4 )

Vin Vout
Dout
Din = 0.060 m

\Dout =0.120 m/




Question 27

Consider the three situations in which fluid in a pipe flows between regions with a
different cross-sectional area (A). Rank the Vout values for the three situations.

4 —

- )

Vin Vout
Din
Dout

Vin =32 cm/s

Din = 0.060 m

Douwt =0.120 m
\_ J
Question 28

Vin Vout
Dout

Din
Vin=6 cm/s
Din=0.100 m

\Dout = 0.050 mj

4 )

Vin Vout
Dout
Vin =48 cm/s
Din = 0.020 m

\[)OUt = 0-080 mj

Consider the three situations in which fluid in a pipe flows between regions with a
different cross-sectional area (A). Rank the Vout values for the three situations.

/

\

~

-

Vin Vout
Din
Dout
Vin =48 cm/s
Din =0.020 m

\Dout = 0080 m)

Vin Vout
Dout

Din
Vin=6 cm/s
Din =0.100 m

kDout = 0050 m/

4 )

Vin Vout
Dout
Vin = 32 Cm/S
Din = 0.060 m

\DOU'[=O-120 m/




Question Group 8
Question 29

Consider the three situations in which fluid in a pipe flows between regions with different
diameters (D). Rank the Vout values for the three situations.

- )

Vin Vout
Dout
Din
Vin=12cm/s
Din =0.240 m
\Dout =0.120 mj
Question 30

4 —\

Vin Vout
Dout
Vin = 64 cm/s
Din = 0.050 m

\Dout = 0100 m/

4 )\

Vin Vout
Dout
Vin =80 cm/s
Din =0.060 m

\Dout =0.120 mj

Consider the three situations in which fluid in a pipe flows between regions with different

diameters (D). Rank the Vout values for the three situations.

-

Vin

~

VOUt

Dout
Vin = 64 cm/s
Din =0.050m

\Dout =0.100 mj

~

(~ )

-

Vin Vout
Din
Dout
Vin =80 cm/s
Din =0.060 m

\Dout =0.120 m/

Vin Vout
Dout
Din
Vin=12 cm/s
Din=0.240 m

\Dout =0.120 mj




Question 31

Consider the three situations in which fluid in a pipe flows between regions with different
diameters (D). Rank the Vout values for the three situations.

4 -

- )

Vin Vout || Vin Vout
Din Dout
Dout Din
Vin =80 cm/s Vin=12 cm/s
Din - 0060 m Din - 0240 m
\Dout == 0120 m) kDout - 0120 m/
Question 32

\

VOUt

-

Vin

DOU‘

Vin =64 cm/s
Din = 0.050 m

\Dout =0.100 m/

Consider the three situations in which fluid in a pipe flows between regions with different

diameters (D). Rank the Vout values for the three situations.

/

\

N

-

Vin Vout
Din
Dout
Vin = 64 cm/s
in=0.050 m

kDout =0.100 rnj

Vin Vout
Dout
Din
Vin=12cm/s
in=0.240 m

\Dout - 0120 rn/

-

Vin Vout
Dout
Vin =80 cm/s
in=0.060 m

\IDout=0.120 mj




Activity 3: Law Breakers
Question Group 9

Question 33

Fluid in a pipe flows from a narrow to a wide section. The cross-sectional areas (A) and
flow velocities (V) are listed. Identify all situations that violate the law of conservation of

mass.

Question 34

Fluid in a pipe flows from a narrow to a wide section. The cross-sectional areas (A) and
flow velocities (V) are listed. Identify all situations that violate the law of conservation of

mass.

\
Vin =80 cm/s Vout = 40 cm/s
in=6 cm?2 Aout= 12 cm?2
Aout /
~
Vin =90 cm/s Vout =30 cm/s
Ain =6 cm2 Aout =18cm?2
J
N
Vin =24 cm/s Vout = 48 cm/s
Ain =8 Cm2 Aout =16 cm?
\ Aout /

L Aout

\
Vin =30 cm/s Vout = 60 cm/s
Ain=12cm? Aout = 24 cm?2
Aout /
\
Vin=80cm/s Vout = 40 cm/s
Ain = 6 cm?2 Aout= 12 cm?2
Aout /
\
Vin=30cm/s Vout = 90 cm/s
Ain =6.Ccm2 Aout =18 cm?2




Question 35
Fluid in a pipe flows from a narrow to a wide section. The cross-sectional areas (A) and
flow velocities (V) are listed. ldentify all situations that violate the law of conservation of

mass.

Question Group 10

Question 36

Fluid in a pipe flows from a wide to a narrow section. The cross-sectional areas (A) and
flow velocities (V) are listed. ldentify all situations that violate the law of conservation of

\
Vin= 60 cm/s Vout = 20 cm/s
in=8 cm?2 Aout = 24 cm?2
\ Aout /
4 N\
Vin =25 cm/s Vout = 50 cm/s
Ain=10cmz2 Aout = 20 cm?2
J
\
Vin= 60 cm/s Vout = 30 cm/s
in=10 cm?2 Aout = 20 cm?
\ Aout /

mass.
\
Vin=40cm/s Vout = 80 cm/s
Ain =10cm?2 Aout =5cm2
J
\
Vin =30 cm/s Vout = 90 cm/s
Ain =24 cm?2 Aout = 8 cm?2
J
\
Vin= 60 cm/s Vout = 20 cm/s
Ain =32 cm?2 Aout = 16 cm?2




Question 37
Fluid in a pipe flows from a wide to a narrow section. The cross-sectional areas (A) and
flow velocities (V) are listed. ldentify all situations that violate the law of conservation of

mass.

Question 38

Fluid in a pipe flows from a wide to a narrow section. The cross-sectional areas (A) and
flow velocities (V) are listed. ldentify all situations that violate the law of conservation of

~
Vin=40cm/s Vout= 120 cm/s
Ain = 36 cm?2 Aout =12cm?
J
\
Vin = 40 cm/s Vout = 80 cm/s
Ain =10cm? Aout =5cmz2
J
\
Vin = 60 cm/s Vout = 20 cm/s
in = 24 cmz2 Aout =8 cm?2
J

mass.
[ N

Vin=30cm/s Vout = 60 cm/s

Ain =16cm?2 Aout =8cm?2
J
\

Vin=90 cm/s Vout = 30 cm/s

Ain =36 cm2 Aout =12cm?
J
\

Vin=15cm/s Vout = 30 cm/s

Ain = 24 cm? Aout = 12 cm?

J




Question Group 11

Question 39

Fluid in a pipe flows between two sections with different cross-sectional areas. The
areas (A) and flow velocities (V) are listed. Identify all situations that violate the law of
conservation of mass.

\
Vin =60 cm/s Vout = 30 cm/s
Ain =24 cm? Aout =12cm?2
J
\
Vin=40cm/s Vout = 20 cm/s
Ain =16cm? Aout =8cm2
J
N\
Vin =90 cm/s Vout = 30 cm/s
Ain =10cm?2 Aout =30cm?2
k Aout /

Question 40

Fluid in a pipe flows between two sections with different cross-sectional areas. The
areas (A) and flow velocities (V) are listed. Identify all situations that violate the law of
conservation of mass.

\
Vin =20 cm/s Vout = 60 cm/s
Ain=12cm? Aout = 36 cm?2
\ Aout /
/- I
i Vin=32 cm/s Vout = 64 cm/s
in =24 cm?2 Aout= 12 cm?2
J
\
Vin=48 cm/s Vout = 24 cm/s
Ain =16.cm? Aout =8 cm?2




Question 41

Fluid in a pipe flows between two sections with different cross-sectional areas. The
areas (A) and flow velocities (V) are listed. Identify all situations that violate the law of
conservation of mass.

~
Vin=40cm/s Vout = 20 cm/s
Ain =24 cm? Aout =12 cm2
J
\
Vin=90 cm/s Vout = 30 cm/s
in=12cm?2 Aout = 36 cm?2
\ Aout /
/- N\
i Vin=36 cm/s Vout=72 cm/s
in = 24 cm?2 Aout = 12 cm?
J

Question Group 12

Question 42

Fluid in a pipe flows between two sections with different cross-sectional areas. The
areas (A) and flow velocities (V) are listed. Identify all situations that violate the law of
conservation of mass.

\
Vin=48 cm/s Vout = 24 cm/s
Ain =20 cm?2 Aout = 10 cm2
J
\
Vin =90 cm/s Vout = 30 cm/s
Ain =12cm? Aout =36 cm?
k Aout /
4 N
Vin =48 cm/s Vout = 24 cm/s
Ain =9 cm2 Aout =18 cm?

\_ Aout J




Question 43

Fluid in a pipe flows between two sections with different cross-sectional areas. The
areas (A) and flow velocities (V) are listed. Identify all situations that violate the law of
conservation of mass.

N
Vin=20cm/s Vout = 60 cm/s
Ain=10cm?2 Aout = 30 cm?2
J
\
Vin =24 cm/s Vout = 48 cm/s
Ain =20 cm?2 Aout = 10 cm?2
J
N
Vin=48 cm/s Vout = 24 cm/s
Ain=15cm?2 Aout = 30 cm?2
K Aout /

Question 44

Fluid in a pipe flows between two sections with different cross-sectional areas. The
areas (A) and flow velocities (V) are listed. Identify all situations that violate the law of
conservation of mass.

\
Vin=48 cm/s Vout = 24 cm/s
Ain =15cm? Aout =30 cm?
\ Aout /
4 I
Vin =50 cm/s Vout = 25 cm/s
Ain=12cm?2 Aout = 24 cm?2
K Aout /
\
Vin=45cm/s Vout=15cm/s
Ain =30 cm? Aout =10cm?




