NOTES ON THERMODYNAMICS, FLUID MECHANICS, AND GAS DYNAMICS

(b) Isentropic case: Recall that for an ideal gas undergoing an isentropic process,

B ar  _dp
cp(T) dT
dp = 2 T)— .
p =~ (pPBRT)—, (5.353)
dp = pc,(T)dT. (5.354)
Thus,
d
/?p - /cp(T)dT - /dh = Ah, (5.355)

where h is the specific enthalpy. If the ideal gas has constant specific heats, i.e., is a “perfect”
gas, then, Ah = ¢, AT and,

d,

L — ¢ AT. (5.356)
P

5.13.1. Another Approach to Deriving Bernoulli’s Equation

streamlines

\] . ds dz = ds sin0
~ t

FiGURE 5.32. The differential control volume used to derive Bernoulli’s Equation.

We can also derive Bernoulli’s Equation using the Linear Momentum Equations and Conservation of Mass
applied to a differential control volume as shown in Figure 5.32. Note that the control volume shown in the
figure follows the streamlines. In the following analysis, we’ll make the following simplifying assumptions:

(1) steady flow,
(2) inviscid flow, and
(3) incompressible fluid.

First apply Conservation of Mass to the control volume,

d

— pdV + / (puger - dA) =0, (5.357)
dt Jov cs

where,

d
— pdV =0 (steady flow), (5.358)
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1 1 1 1
/ (purel -dA) =p [V +-dV | A+ =dA ) —p|V —=dV | |A—=dA]), (5.359)
o 2 2 2 2
— pVdA + pAdV + H.O.T.s (5.360)

Note that there’s no flow across the streamlines. Substituting these expressions into Conservation of Mass
gives,

VdA = —AdV. (5.361)
Now apply the Linear Momentum Equation to the same control volume in the streamline direction,
d
— / uspdV + / Us (PUrel - dA) = Fp s+ Fg 5. (5.362)
dt Jov cs
where,
d
— uspdV =0 (steady flow), (5.363)
dt Jov
1, \? 1 1.\ 1
Us (PUye - dA) = —p [V — =dV A—-dA)+p |V +zdV A+ =dA), (5.364)
os 2 2 2 2
=2pVAdV + pV?dA +H.O.Tss, (5.365)
Fps=pdsA(—gsinf) = —pAgdssinf = —pAgdz, (5.366)
=dz
1 1 1 1
Fs s = (p - 2dp) (A - 2dA) — (p + 2dp) <A + 2dA) + pdA, (5.367)
= —Adp+ H.O0.Ts, (5.368)
Combining these terms together into the Linear Momentum Equation,
20V AV + pV2dA = —pAgdz — Adp. (5.369)

Now substitute the result from Conservation of Mass into the result from the Linear Momentum Equation
and simplify,

20V AdV + pV2?dA = —pAgdz — Adp, (5.370)
——
=—pVAdV
dp
— +VdV 4+ gdz = 0. (5.371)
p

We can integrate this equation along the streamline to get,

1
L §V2 + gz = constant (5.372)
p

Again, it’s important to review the assumptions builtin to the derivation of Eq. (5.372):

(1) steady flow,

(2) inviscid flow,

(3) incompressible fluid, and
(4) flow along a streamline.
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NOTES ON THERMODYNAMICS, FLUID MECHANICS, AND GAS DyNamIics COM_BE 02

A water tank has an orifice in the bottom of the tank:

gl&\\\wz

area of orifice, 4(0) § ¥y
cross-sectional § ‘_L

area, A(y) —"

The height, A, of water in the tank is kept constant by a supply of water which is not shown. A jet of water
emerges from the orifice; the cross-sectional area of the jet, A(y), is a function of the vertical distance, y.
Neglecting viscous effects and surface tension, find an expression for A(y) in terms of 4(0), 4, and y.

SOLUTION:

Apply Conservation of Mass to the following CV:

4 [ pav+| pu,-da=0
dt [6\% Cs
where,

4 J. pdV =0 (The flow is steady.)
dt &

J. purel dA = _pV;)AO +IOI/2A2
Ccs
Substitute and simplify,
4,
,=V 4 O]
Now apply Bernoulli’s Equation from point 1 to point 0 and from point 1 to point 2,
(p+ipV —pgy) =(p+ipV’ - pgy), =(P+1PV" - p2v),

where,
P, =Py =P, = Pam (These points are all at free surfaces.)

¥, =0 and Vo and V> are related through Eq. (1).
W==hy,=0,y, =y
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Substitute and simplify,
pgh=1%pVy =5 pVi - pgy

2
pgh=5pVs =5pVs (iJ - pgy
A2
The first two equations in the previous expression state that,
V, =+2gh @)

Equation (2) combined with the second two equations gives,

2
) [ R
4, 3PV,

2
A4
[—0] —1+L8 =1+%

4, pgh
4, 1
I
h
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NOTES ON THERMODYNAMICS, FLUID MECHANICS, AND GAS DyNAMIcS  bernoulli_01

A person holds their hand out of a car window while driving through still air at a speed of
Vear. What is the maximum pressure on the person’s hand?

VC ar

SOLUTION:

Change the frame of reference so that the car is stationary and the air approaches the car
at a velocity, Vear. Apply Bernoulli’s equation, neglecting elevation differences, along a
streamline from a point far upstream of the car to the stagnation point on the person’s
hand (this will be the point at which the pressure is the greatest).

V=0, po

Vear, Patm stagnation point

patm+%pl/c§r:p0+%pV02
——

=0

p0:pmax:patm+%ch§r (1)
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NOTES ON THERMODYNAMICS, FLUID MECHANICS, AND GAS DyNaMmIcs — bemoulli 02

Water is siphoned from a large tank through a constant diameter hose as shown in the figure. Determine
the maximum height of the hill, Hnin, over which the water can be siphoned without cavitation occurring.
Assume that the vapor pressure of the water is pv, the height of the water free surface in the tank is Hank,
and the vertical distance from the end of the hose to the base of the tank is Hend.

Hiank

constant diameter pipe

7 discharges into atmosphere

SOLUTION: B

—

I"[tank
constant diameter pipe

c discharges into atmosphere
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NOTES ON THERMODYNAMICS, FLUID MECHANICS, AND GAS DyNaMmIcs — bemoulli 02

Apply Bernoulli’s equation along a streamline from the tank free surface (point A) to the end of the tube
(point C).

2 2
(i-‘_V__'_ZJ :(£+V_+2J (])
pg 28 ), \pg 28 ).
where
pA:pC:patm

V, =0 (free surface of a large tank)
Z4"2c = Htank +chd
Solving Eqn. (1) for Vc gives:
VC :\/2g(Htank +Hend) (2)

Now apply Bernoulli’s equation along a streamline from the tank free surface (point A) to the top of the
tube (point B). Note that the velocity everywhere within the tube will be equal to Vc (from conservation of

mass).
(1+V—2+2J :(£+V_2+ZJ 3)
pg 2¢ ), \pg 28 ),
where
P4~ Pam
Pp =Dy

(From Eqn. (3) we see that the pressure at point B will decrease as Hnin increases so we should use
the smallest allowable pressure at point B to determine the maximum Hhiu.)
V, =0 (free surface of a large tank)

Vg =V = \/ 2g(H g +Hepg) (from conservation of mass)

24—z = Hyy —Hyy

Substituting into Eqn. (3) and solving for Hhin gives:

Pam H e —Hyin = Loy H g + H g
pg pg
Patm — Py
Hyy, = e H “4)
Pg
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You are to design Quonset huts for a military base. The design wind speed is U= 30 m/s and the free-
stream pressure and density are p-= 101 kPa and p»= 1.2 kg/m?, respectively. The Quonset hut may be
considered to be a closed (no leaks) semi-cylinder with a radius of R =5 m which is mounted on tie-down
blocks as shown in the figure. The flow is such that the velocity distribution over the top of the hut is
approximated by:

u, (r = R) =0

u,(r=R)=-2U,sin6

The air under the hut is at rest.

hut
Ux

_1] - /<'9 |
L11177777777777777777777777

a. What is the pressure distribution over the top surface of the Quonset hut?

b. What is the net lift force acting on the Quonset hut due to the air? Don’t forget to include the effect
of the air under the hut.

c. What is the net drag force acting on the hut? (Hint: A calculation may not be necessary here but
some justification is required.)

SOLUTION:

Apply Bernoulli’s equation over a streamline adjacent to the upper surface of the hut to determine the
pressure distribution. Neglect elevation effects since the fluid is a gas and the elevation differences are
small.

(p+%pV2)w :(p+%pV2)
where
p, =101kPa

V2 =U? = (30 m/s)” =900 m?/s®

M

surface

=u, =4U2sin’ 0 (0<0<r)
p=12kgm’

p surface

2

surface

Substitute and solve for the pressure on the hut’s upper surface.
psurface =Po + % p(sz - Vs121rface )
Dasinee = P +3 pU? (1 —4sin’ 0)

Cp,wp - % PUi, (2)

where C, is known as a “pressure coefficient.”

_psurface_poo :1—4Sin20 0}‘ 7[/22 7Z'i "

The pressure under the hut will be the stagnation pressure. It can also be found by applying Bernoulli’s
equation and noting that under the hut the velocity is zero.

_ PP _ 3)

p.bottom — | 2
2PU,
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NOTES ON THERMODYNAMICS, FLUID MECHANICS, AND GAS DyNAMIcS  bernoulli_05

The net lift force is determined by integrating the vertical component of the pressure forces over the entire
surface of the hut.

pdA

70\

Us
E—
. Po2R)
L= (— psin 9)(Rd9) +p, (2R) (Note that positive lift is directed upwards.) “4)
9=0 — ——

=dA bottom

top

where po is the stagnation pressure.

L= _T[pw +3pU2 (1-4sin> 0) |sin 0RO+ (p, +1 pU2 )(2R)
6=0

O=r
C, =]+ _1 | {]}7—"‘32+(1—4sin2 9)}sin9d0+[]p—°"2+lJ
3PUL(2R) 27, 5pU; 1pU;
where Cr is a “lift coefficient.”
1 i 177 ,
C, === P > J sinfd —— J (s1n9—4sm39)d9+1p—”2+1
2 ngm 6=0 2 6=0 EPUM
\_ﬁ/__/
:70059‘::l+1:2
p 1 O=m 0=1 p
== [sin0do+2  [sin’0d0 +—=+1
2 pU_ 2 6=0 6=0 2 pU.
N D
:‘0059‘3:“'1:2 :—%(2+sin20)c059‘::%+%:%
L 8
L= 7 2 =3 )
1pU2(2R) 3
The net drag force is determined by integrating the horizontal component of the pressure forces over the
entire surface of the hut.
O=rx
D= .[ (-pcos@)(RdO) (6)
6=0
O=r
D=- j I:pm +1pU? (1 —4sin’ 9)]0050Rd0
6=0
O=r 0=r 0=r
=-Rp_ _[ cos@d0—1pU’R _[ cos0dO —4 _[ sin’@cosHdO
6=0 6=0 6=0
| ——
:sine‘Z:O :sine‘Z:O :%5,',13 9‘::0

D=0 @)

We could have also anticipated that the drag would be zero since the velocity field is symmetric between
the upstream and downstream sides of the hut.
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NoOTES ON THERMODYNAMICS, FLUID MECHANICS, AND GAS DyNAMIcs  beroulli_06

An air cushion vehicle is supported by forcing air into the chamber created by a skirt around the periphery
of the vehicle as shown. The air escapes through the 3 in. clearance between the lower end of the skirt and
the ground (or water). Assume the vehicle weighs 10,000 Ibr and is essentially rectangular in shape, 30 by
50 ft. The volume of the chamber is large enough so that the kinetic energy of the air within the chamber is
negligible. Determine the flowrate, O, needed to support the vehicle.

0
! \ fan
3in | | skirt

_—

A I NI AN

SOLUTION:

The weight of the vehicle is supported by the increased pressure within the chamber.

0
Patm /%)%\ fan
h <3|(-<———' ) | skirt

_

AT T  hah

A simple force balance gives:
W = (pl - patm )Aprojcctcd (1)

Note that we have neglected the downward momentum flux of the air caused by the fan since it will be
negligible when compared to the weight of the vehicle.

The pressure within the chamber, p1, can be found using Bernoulli’s equation applied along the streamline
shown in the previous figure.

[£+V—2+zj :(£+V—2+2J 2)
rg 28 ), \pg 28 )
where
D> = Pam p="
0

L = V, =0 (large chamber)
Askirt

z, =~ z, (Elevation differences are negligible, especially since a gas is being considered.)

Substitute and simplify.
2
p]—pm%p( 2 ] G)

A4

skirt

Substitute Eqn. (3) into Eqn. (1) and solve for the flow rate Q.

2
Q
W = %p(A Aprojcctcd

“
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Substitute the given parameters.

w = 10000 Ibs= 322,000 Ibmft/s?
Askirt = (3 in.)(ft/12 in.)[2(30 ft + 50 ft)] = 40 ft> (rectangular cross-section)
Yol = 7.68e-2 lIby/ft?
Aprojected = (30 f1)(50 ft) = 1500 ft*> (rectangular cross-section)
= 0 = 2990 ft}/§]
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NOTES ON THERMODYNAMICS, FLUID MECHANICS, AND GAS DyNamIcs — bemoulli 07

Oil flows through a contraction with circular cross-section as shown in the figure below. A manometer,
using mercury as the gage fluid, is used to measure the pressure difference between sections 1 and 2 of the
pipe. Assuming frictionless flow, determine:

a. the pressure difference, p1-p2, between sections 1 and 2, and
b. the mass flow rate through the pipe.

section 1 (diameter, D)
0il (SG=0.9)
g l H \ / D1 =300 mm
D> =100 mm
H =600 mm
h =100 mm
— section 2 (diameter, D»)
h l
—
b |
mercury (SG = 13.6)
SOLUTION:
First determine the pressure difference using the manometer.
0il (SG=0.9)
13! section 1 (diameter, D1)
] \] /
¥ 1 e2] section 2 (diameter, D2)
X
h
—5
I
\4
mercury (SG = 13.6)
P, =P+ Pug(H+x+h) = pygh—pygx
b,=p+ SGoilpHZOg(H+ h) _SGngHzogh
pP—D szZOg[SGth_SGoiI (H+h)] (1)
C. Wassgren 613 2022-09-16
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NOTES ON THERMODYNAMICS, FLUID MECHANICS, AND GAS DyNAMIcs — bernoulli 07

Use the given parameters.

oo = 1000 kg/m?

g = 9.81m/s’

SGug = 13.6

h = 100e-3m

SGoi = 09

H = 600e-3 m

= |p1 -p2 = 72 kPa]

Now apply Bernoulli’s equation along a streamline from 1 to 2 to determine the mass flow rate.

2 2
(LJ_HJ (LV_j
Pag 2¢ ), \pug 28 )

where
P, —p, =7200 N/m* (found previously)
_90 _40 _ 90 _ 40
=i 2D ! =L 2D}
z,—z,=H

Substitute and simplify.
pop gy 80711
Dl

P& 7'g D,
m’g[ D'D, \(p,-p

moi=poiQ=poi o — 2 I_H (2)

l 1 1\/ 8 \D 24 -D, 14 Pu&

Use the given parameters.
pmo = 1000 kg/m?
SGot = 09
g = 9.81 m/s?
H = 600e-3 m
D = 300e-3 m
D» = 100e-3 m
pi-p2 = 7200 N/m?
= i = 37.5kg/
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NOTES ON THERMODYNAMICS, FLUID MECHANICS, AND GAS DyNamIcs — bemoulli_10

If the approach velocity is not too large, a hump of height, H, in the bottom of a water channel will cause a

dip of magnitude Ak in the water level. This depression in the water can be used to determine the flow rate
of the water. Assuming no losses and that the incoming flow has a depth, D, determine the volumetric flow
rate, 0, as a function of Ak, H, D, and g (the acceleration due to gravity).

lAh

glr—\T/__L

Q

D ——
| —
mmkm&m

SOLUTION:

Assume steady, incompressible, inviscid flow with uniform velocity profiles at the inlet and outlet of the
control volume.

D ——

i e

| < i
N N W\

Apply Bernoulli’s Equation along a streamline on the free surface from point A to point B.

2 2
(L+V_+ZJ :(L+V_+2j (1)
rg 2 ), \pg 28 ),
where
pB =pA :patm (2)
0 0
Vy=———— and V, == 3
" D-H-Ah D )
z,=D-Ah and z,=D “)
Substitute and simplify.
2 2
pﬂ+i(—Q J +D—Ah:pﬂ+i(gj +D 5)
pg 2g\D-H-Ah pg 2g\D
2 2
(ta) o-(3)
D—-H-Ah D
] 2gAh

Now) G
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NOTES ON THERMODYNAMICS, FLUID MECHANICS, AND GAS DyNAMIcS  bernoulli_11

In which of the following scenarios is applying the following form of Bernoulli’s equation:

2
L . constant
prg 2g

from point 1 to point 2 valid?

a.
1
or Stagnant column
§ § of water
RTINS N
) ) steady, inviscid, uniform
—>
> stream of water
SEEEEEEEEEE R
b.
2 Ma=0.5
[ : —
aircraft °1l
c ANNSNAN 3
le ump o2
boundary
d layer .
. 1 ./ T N - ° 2
e.
oscillating U-tube manometer
containing an incompressible,
inviscid fluid
C. Wassgren 616 2022-09-16
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SOLUTION:
Bernoulli’s equation, as written in the problem statement, can be used in NONE of the scenarios presented.

a. The flow is rotational at the interface between the vertical and horizontal channels and, hence,
Bernoulli’s equation cannot be applied across the flow streamlines.

b. Since Ma > 0.3, the flow should be considered compressible. The given form of Bernoulli’s equation
is valid only for incompressible flows. An alternate form of Bernoulli’s equation that takes
compressibility effects into account could be used, however.

c. The pump between points 1 and 2 adds energy to the flow and, hence, the constant in Bernoulli’s
equation changes across the pump. The Extended Bernoulli’s Equation (aka energy equation) could be
used in this scenario instead of the given form of Bernoulli’s equation.

d. Bernoulli’s equation assumes inviscid flow. Viscous effects are significant in boundary layers and
thus Bernoulli’s equation may not be used.

e. The given form of Bernoulli’s equation assumes steady flow. The oscillating U-tube is unsteady and
the given Bernoulli’s equation cannot be used. Note that it is possible to derive an unsteady form of
Bernoulli’s equation that could be used in the given situation.

C. Wassgren 617 2022-09-16
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NOTES ON THERMODYNAMICS, FLUID MECHANICS, AND GAS DyNaMmIcs — bemoulli_12

The device shown in the figure below is proposed for measuring the exhalation pressure and volume flow
rate of a person (the device is known as a “peak flow meter”). A circular tube, with inside radius R, has a
slit of width w running down the length of it (a cut-out in the cylinder). Inside the tube is a lightweight,

freely moving piston attached to a linear spring (with spring constant k). The equilibrium position of the
piston is at x = 0 where the slit begins.

I 0, Pgage
2R — I

Hg § 7 F TG 19

»

K

Patm
Derive equations for:
a. the volumetric flow rate, O, and
b. the gage pressure in the tube, pgage,
in terms of (a subset of) the piston displacement, x, as well as the tube radius, R, slit width, w, spring
constant, k, and the properties of air. Assume that the slit width, w, is so small that the outflow area is
much smaller than the tube’s cross-sectional area, TR?, even at the piston’s full extension.

SOLUTION:

Apply conservation of mass to the control volume shown below.

Vout
4

T 0, Deage

Lk

Patm
d
— [ pdv + [ pu-dA =0 ¢))
dt CcvV CsS
where
4 j pdV =0 (at steady state) 2)
dt &y
_[ pu, -dA =—pO+pV, wx 3)
CcsS
Substitute and simply to get:
~pQ+ pVp wx =0 )
0=V, wx (%)

where Vou is the speed of the air flowing out of the slit. This speed may be found by applying Bernoulli’s
equation from a point located within the tube (1) and a point just at the slit exit (2).

(p+ip7?) =(p+1pV?), (6)
where
P1 = Pgage (7
P2 =0 (patm,gage = 0) ®)
Vi = Q/(nR?) 9)
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V2 = Vout (10)
Since the slit area is much smaller than the outlet area, V1 << V>, Eqn. (6) becomes

2
V- 2P e ' (11)

Substituting into Eqn. (5) gives:

bS]

2
e (12)
P
The pressure, pgage, may be found by balancing forces on the piston:
Poge TR —hx =0 (13)
kx
Puge =50 (14)

Note that we could have used the linear momentum equation in the x-direction on the same control volume
to arrive at this expression (see below).

Combining Eqns. (12) and (14) gives:
2k
prR’

0 =wx” (15)

Thus, by measure the displacement of the piston on the simple device shown in the figure, lung functions
such as pressure and volumetric flow rate can be easily determined.

Note that we could have also worked out Eq. (14) of this problem using the linear momentum equation in
the x-direction applied to the same control volume.

d
E J.u,\pdV+ '[ux(purel.dA):FB,x—i_FS,x (16)
CcvV CS
where
d
7 I updV =0 (steady flow) (17)
Ccv
2
J u, (purel ~dA) = %2 (—p%n’sz =-p QRz (no x-momentum flux out through side) (18)
o T T T
£y, =0 (19)
_ 2
Fy, = P AR —k (20)
Substitute and simplify.
2
—p ﬂ%i = P TR — hx (21)

Substituting from Eq. (12),

o), |

_ 2
—pT = P TR — hx (22)
2
wx
_lz[mzj “]”Rngage -k @)
But since wx < 7R?,
p.. = ﬂz which is the same as Eq. (14)! (24)
¥€ R
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Water 1 m deep is flowing steadily at 10 m/s in a channel 4 m wide. The channel drops 3 m at 30 deg, and
simultaneously narrows to 2.5 m as shown in the accompanying sketch.

Determine the two possible water depths at downstream station B. Neglect all losses.

v i
t 10 my/s ;
1m I |
v !
t :
width =4 m 3¢m 30 deg f’ :
B width=25m
SOLUTION:

Apply conservation of mass to the control volume shown in the figure below.

B width=2.5m

ijpdmjpum-dA:o (1)
dt CcvV CS
where
4 j pdV =0 (steady flow) )
dt &
jpuml -dA =—(pVzw)  +(pVzw), 3)
CsS
Substitute and simplify noting that the water density remains constant.
z, \(w
—(pVew) , +(pVzw), =0 = (Vaw), =(Vzw), = V, =V, [Z—AJ(W—AJ 4)
B B
Now apply Bernoulli’s equation along the free surface of the stream from point A to point B.
2 2
££+V—+2J :(£+V—+zj 5)
pg 28 ), \pg 28 ),
where
PA = DB = Pam (6)
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2 2
V—B+ZB=V—A+ZA (7)
2g 2g

Substitute Eq. (4) and solve for zs.

2 2
z w
| 4
A[ZBJ [ij #

+z, =24z 8
> b=3e ®)
2 2
2| 24 Wy 2
v, [—J [—J +2gz, =V, +2gz, ()]
Zp W
2
vz [W_] 1225 =(V: +2¢2,) 22 (10)
WB
2 y2 2
| A +z, |zp+-2L2 Tal 2o (11)
2g 2g "\
Using the given parameters:
Va =10m/s
g = 9.81 m/s?
Z4 =1lm
wa =4m
wp  =25m
Eq. (11) may be written as,
z,—(6.097 m)z; +(13.05 m) =0 (12)

Solve Eq. (12) numerically to get,
zp=1.728 m, 5.695 m, -1.326 m (13)

Thus, the two possible depths at location B are: |1.7 m and 5.7 m|.
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A Venturi pump is used in the design of a carburetor, a device used to create a fuel-air mixture to be fed
into the cylinder of an internal combustion engine. Simplified schematics of a carburetor are shown in the
following figures.

AIR Basic Carburetor
- I I (Cross Section) air
””;l.]lI'”. A lpm
| i, T,
Float Valve
- A2 0%,
o

Image from: http://hdabob.com/wp-
content/uploads/2009/10/carburetor.jpg

The air, which may reasonably be assumed to be incompressible, has a density p4 and the liquid fuel has
density pr. The fuel reservoir is located a distance H below the inlet port into the Venturi. The inlet air is
at atmospheric pressure as is the free surface of the fuel reservoir. The air inlet cross-sectional area is 41
and the Venturi throat area is 42. The fuel line cross-sectional area is 4r.

If the desired air-to-fuel mass flow rate ratio at the outlet of the carburetor is R (= 1, / 11, ), determine the

required ratio 41/4> in terms of (a subset of) the air-to-fuel ratio R, air density o4, the fuel density pr, the
inlet air mass flow rate 7z, , the acceleration due to gravity g, the height from the fuel reservoir to the

Venturi throat H, the fuel pipe area Ar, and the air inlet area 4.

C. Wassgren 622 2022-09-16
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bernoulli_14

SOLUTION:
Apply Bernoulli’s equation from 1 to 2.

air

Ar I 1patm l g

2 2
(_P +_+zj {_P +_+Zj m
r.g 28 ), \pg 28 )
where
p1=pam and p2="7? 2)
V=—24 and V,=—4 3)
pAAl pAAZ
Az is negligible compared to the other terms in B.E. since the fluid is a gas “)
Substitute and simplify.
1l 1 1
PP =5 a2 O]
2 t 2 pA (AIZ 14;}
Apply Bernoulli’s equation from 3 to 4.
2 2
( P +V—+zj :[ 2 +V—+z] 6)
prg 28 ), \prg 228 )
where
p3=pam and ps=p> @)
m
V,~0 and V,=—2= 8
3 an 4 pFAF ( )
Az=z4—z3=H ©)
Substitute and simplify.
1 s}
- =—p o ———F 10
5% Pun =—Pp8H —5 p 1 (10)
Combine Egs. (5) and (10) and solve for 41/4>.
1 1 1 1 st
—— ——— |=—p, gH -~ —L (11)
2p, 4 4 2p.A,
11 H 1 ;
[_z__z]:_ y Fg.—z——z&n.i—i (12)
Al A2 A4 AF pF mA
C. Wassgren 623 2022-09-16
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2 2 2 .2
-2 |=ap p, 0 AL Pa (13)
A2 mA AF pF mA
4 2 ghd® (4 2 p \( 1 2
—L | =1+2 +H | = 14
[AZJ Pabr mft (AF] [ij(mAJ (9

2 2 . 2 2 2
A 1+2p ,p, ng1 +[iJ [&][&] or | = 1+2p ,p, g@j‘ J{i) (&j% (15)
AZ mA AF pF mA A2 mA AF pF R

For a typical carburetor,
pr =770 kg/m® (gasoline)
p1 = 1.23 kg/m? (air)
A1 =1.34*%10°m? (D1=4.13cm=15/8 in.)
Ar =1.70*10° m? (Dr= 1.47 mm = 0.058 in.)
R =147 (ideal fuel to air ratio for gasoline)
g =981 m/s?
H =2.00%102m (= 2 c¢m)
m, =0.290 kg/s (500 cfm @ 1.23 kg/m’)

= A1/42=236 = D2=2.69 cm
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