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Abstract In view of Bernoulli equation’s instructional design in fluid mechanics, this paper analyzes some
common misunderstandings in demonstration experiments of Bernoulli equation, provides different derivation
methods of Bernoulli equation, discusses the physical meaning of the pressure term, and further expands this
lesson, so as to deepen the students’ understanding and establish scientific analysis method. The derivation of
Bernoulli equation is the basis. When using Bernoulli equation to explain the demonstration experiment, we
must pay attention to the applicable conditions of Bernoulli equation, and comprehensively consider the influence
of fluid viscosity, entrainment and other factors. Most textbooks in Chinese or English give different physical
interpretations of the pressure term in Bernoulli equation. Based on the derivation of Bernoulli equation, it
can be seen that the pressure term in the equation has the property of potential energy, which is true only for
fluid. By establishing the relationship between Bernoulli equation and other knowledge points and comparing
compressible and incompressible Bernoulli equation, students can acquire a better understanding of Bernoulli

equation.

Key words Bernoulli equation, fluid mechanics, instructional design, demonstration experiment, pressure

potential energy

AT 2020-12-21 Y E].
1) W TRER A HOH ORI IR B B8 B o
2) G, BHW, FENFRAE ) FHE SR T E-mail: yiwenbinhjge@163.com
3) AHE, BI#EE, FEMNE I EEE SR ME. E-mail: denghui8411@163.com
IR FeM, &RE, M. MR RBE R T, 135528, 2021, 43(6): 967-972
Yi Wenbin, Meng Qingchang, Deng Hui, et al. Several issues in Bernoulli equation’s instructional design. Mechanics in
Engineering, 2021, 43(6): 967-972



968 ¥ s

ST 2021 4 5 43 &

ESMITRER R I E R B P EEN R
FEHA T S SEREUR T REHES S MR X
TG SRR R IR R S RS IATY o SR #25K
B RE R, H BT LS R, AR SRR
FEREANGEL, SEAEXT T REAE T KO R P R SR I
B OB R, 0 T AR R B T A i, ANRE
FR ST AR RARTH B AR o X DA b [, A SOh AT
L5757 RN S rh R AR AR, MBS
ANFIHES T7 3%, WHEJTRE T SR R B L I
KB MRt — DB AR, OIS AR 2
RIE AR, LR (R BT 755
1 SERSEIPEE TR

FERFE N SIS, HOMAEAEIE L — 28 5 1)
TR S SRUR, S AR R, SR T X 7 S 36 14 A
AR i, HAE RS T 7 REAE 0 BR 2%
2 B IR BRSSO AN - S A R 2 P L ) A
] 2 o

AR P S 96 TR AS 1 — AR SE
(& 1) FRAELCR B9 — i, FHWE B WXL B 48R
(I EJ7 WA s 40 R Rk . AR B4R
TR AR R, R IRAG, SAAERA SR RAA S
HMITRERY R Fs2 b, 4R BRI 7 AR A
Wb [R—iRi ek, HANGARRT —EHURAE A ARSE (10
W IR AIHUEE K TR 5 R BIBURREE ), AN A2
ST LR IE I AF

1 WRYR T Sk

T 56 00 B R RS 9L ) s 5 5 o L A 5 T i
ACHHAE,  WH A SR AT BEOKUE ZE2 5 A K
WA S 86 P AR 2 i DL 46 S R R
B R R RO DL K AR R ARG S il I A R 151,
Pivkiinid S i BRI, KONBEERIVER, S
& A B A ] R AL, EPRL FE AN TT
SR T B R e o AR AR RO A LA, BT
X BUFE FULT R 77, AR R 2 R T 36

o BRIEE T BN BE MRS, R EIE N A
R, WORAGARNE, FRABRINE,
I 1 R, AR EREh iR AU, HAA S HELT
[

K 2 Pos R TIER S 86 /2 — NN A B R
SRR SR IR I RUATL ] b AR AR /N BR TR T X
BLETT, ZK PRSI, BRI 2 B2 KT
g, HLEWMRHUEUR —E M, 078 /Rt
BE 2 BB I EAE T o STHR [4-5) WP IZSERdE AT 17
W, ERR T UTRER S A6 MR S+ LR

Bl 2 ARk

N T RIS, A SCHEET CFD At
BT T BRI THE R B NEONAR R f2 BBk, H
2N 0.04m, EEN2.7g, FEE T AEREE 0.3 m.
THE AT SR RN 12.7 m/s B, ANERATLRER
SPAT o 3 IR I A RO IS PR 4 P 3 B 3 A o R
SONER TN 7 B AE B o A TR RE R, SR
A B F LR, FRSRAZOX ARG B 4N
SFHIA IE X BRI 3 (1) e 5 o0 A, ER ARSI R
AR ZE N, B AR R 5 22 A

HE/(mes™)

0.00 289  5.77
| D |

8.66 11.50 14.40

'm
B 3 S IEXTER ORI 1 T BE 43 AT



%6

Dy A RS AT RE A B T ) 969

-
71 /Pa
—40.0 —12.0 16.0 44.0 72.0 100.0
| N

Bl 4 SR IE X BRO I 3t 4 1) 5 43 AT

5 NS IR0 /NER ZE AN B R IE B A, T 6
N/INERRTHI I B8 50 A o /NERZE 7 NSRS
TV N R R X ANER AR K, IR AT
BRIGFEED, A R X o T AR NERZ 1)K
FHEBIA SR, N 5.5 mN, MI2TF 0.2 fF/hEk
&, Ik Aihish/ NER ) e R Bl . Horp— PR B
SRR UG B/ INBR A ) R 5 A, T = A2 KT 1Y
YER 77, [RIE e i B AR 2 HA IR 4R 25 il FL O 3 o i
I 5061,

WA/ (m-s™)
0.0 2.8 5.7 8.5 11.4 14.2
| N |
P 5 SRIRLIE X /NI A I AR 2 PR3k A

i

=
571/Pa
—13.2 7.7 28.6 49.5 70.4
L N |

B 6 St o N ER 2 M /NER ES L 558 20 A

—34.1

2 BEFAENHESREEX

AT T 22 R A ST R A
AT S AR T EARKIE S M TR (R
PR IR ) R 8], IR T
RESR AT ANFRHES RS AR, 5 T i#
ZAHE T A BT A IR A S R T RE AR
B

2.1 ESHE—
TESER P, HEF A8 — S o BT AR

ROTIRII 2 77, WASBIBRh S S TT RN
8 Ouy, Ou, 1@
var T, YU, =femog, ()
Buy Ouy 8uy 10p
8 +u Uy a + Uz fy pay (2)
(‘3uz ou,, 8uz B 1@
vor T, T o O

X, p IR wr gy we 0N E w IR
élé*/f\‘&ﬁﬂ Ty Ys 2 Eﬁ\ﬁﬁiﬁgﬁj\ii fg;y fy’ fz %%IJ
NN FERAARI RS f 3 2y, 2 ZAT5RLE

i, - MaEE A L.
BT (1) ~ (3) IRREA 7 Bl AT 45 2H 54 7
PR, iR 12
dr_dy _de "

Uy o Uy Uz
] e = u,dy, uade = updz, TR (1) b
dr JER[E R

P 12 + up 24 gy 4, 2
g O T e Ty W T ey

10p

dz =
Jzdz —

B

10p
or —dz (6)

I, 2 (2) Mk (3) FERPIAH 15 2]

10p
ZETd (7)
10p
;a—d (8)

K3 (6) ~ 3 (8) AN, JREIPUONET) g I, 47

_dp
92) == )

Uzpdu, = frdx —

Uy dity

= fydy

udu, = f,dz —

Ugpdug + uyduy + udu, = d(—



970 ¥ s

ST 2021 4 5 43 &

1) ~agm) - 2 (10)

2 p
FEE WA RGRRs T, p NEE. Hik, tH D)
VR B € B AN TT R 4iim sh A S5 R T #E 8

u? p)
dl{—+2z2z+—1]=0 11
(29 pg ()
U2 p
—+z+—=C 12
2g pg (12)

o, u?/(29) ARSI EERAERIBIEE, = HPALE
ERRRIE SIS EE, p/(pg) MR TS AL E B AR
Bl T o BRARGRAACHY G TR 2 W B, B EE A
WA B RE « ARERE S Th 2 FAF H . X =R
XM BE R A LER B B R R T DAL ), R 8%
7 RS2 e AL 5 SR e e R U ) e B AR
R,

WAk, R DUAR 95 22 42 B o 5 R 0 AT HE
T8l =W B T FE A BR RIS B T FE )
Hh—FhRIETEI, AR T Themsn i, Jrf2n] LA
KKk, AR
2.2 #HESHE=

FEFRAR AR B 8 A, BRI IR 2 T A E
T RE S —Aoc B, FERE IR S 4
FER (B 7). EETIRANIHOTEImAR A
EERIRIR, FHEAK/ANH dA BN dA + o(dA).
WS /NRE, Ot BTE N

m = pdAds (13)

(p+dp)dA

7 WIS oS
R DIZTT AT %2 F1 00 M, BRI AATEY)
277, Wt /1M

pdA — (p+ dp)dA = —dpdA (14)

A, EOERST A ErEA

—pgdsdAsinf = —pgd Adz (15)
TR TT o) B AR W5 — e A, 19
—dpdA — pgdAdz = pdsdAa (16)

RS AR 2, T BRI R IR L o =
w(Ou/0s) + Ou/ot. EH TN, a = u(du/ds).
M= (16) LM A

dp

?—i—gdz—i—udu:O (17)

i (17) 530 (10) HIF, 3&EH T 0] AR FIAS AT K 45
WA . FEAN AT R 4 254 SRR 53 BT 15 20 % 0L A
BBFTE K (17) EE BRI — 4B TR, &
5 BN f . ]y (Leonhard Euler) T 1750 E 1 %6S
o BTV SE T A R AR WCh 8 3 i o
Tt B8 L1 B A 45 R D7 AR )4 T
2.3 HSHE=
RS E F R, AR—HRER, W
1-2 BAE N HAREAT 20 (K] 8). fRiXAE ¢ B
Z, MAERGSHEGHEES, £ ¢+ d Bz, i
WRGIEHNE -2 LB, WK R 1-1
22 AMITAR, EIR, GOE, WA, SN
dAy, dAys pis p2s urs Uzs p1s P2 215 220 AIAATE
AR, p1 = pao

A

5A 4

Kl 8 JEH R R IR R

FH 5 o AN AT R 4R 460, O ORAE 1-17 A1 2-2
BYRIARIAREE, H AV For. 2 BN, AR
1-2 BEN 3] 17-2 SIS S5t R GiAh

dW = pldAluldt — deAQUth = (pl — pg)dV (18)



%6

Dy A RS AT RE A B T ) 971

TR 1-2 Bz sh 3] 172/ A B AU EE r 3 &
pdVu3

dE = — + pdVgzy —
2
(pd2Vu1 + pdngl) (19)
u2 u2

% + pgz2 +p2 = % +pgz1 +p1 (20)
U2 P
—+tz+—=C 21
29 rg 1)

SHTPIAHES ITIEAE, Trik 3 23T IhRER
HAE SRR, J5iA 3 RS B, 38 A 2R R
WIS R,

2.4 ASEFFHEFERHNIEE X

i L EHE SRR WL, BRI RE T 2 AR T
H A A R AR PN L, 2R A R
WIESIHEE. p/(pg) IREK T HJoxs A BB AR BT
WIS, T EEEME, 0 i SCHEOM th Rk 2 0 Ar
HEVAR SR EE (FIARIRRE), J& T —FHLiEE
FAEAEUREL S ST AT REB B LU R IR A% i & — b
RN ? A BT R H e ?

NG s P AR R R, KRR e T
B FIT7 R b s BRI A B SO AR 2 R0 2
B [10] BRI RE (12) A230 =I5 FR N B =
EIARRIBIRE, HBREMATIEREaRTh. HbF [11]
K RISk, HAR I — AR EON S T8 . Uit
PR AEAE I S, X B RARAE S R R AT

CARAIM ), BRI — FRFER K RE R, 4RI 3%
AIXFREE . BEAh, I a] A B A EE R AR Y
RER 7RG (ANFRAE% TN p/(pg)), 1HXST—
AN F G B s eI HOE AR 70 SR A5, Xt R TR
HSRIGAE Dy — TP RERRAC BN, A BEAEHE S 5 7%
3 ol sz E oy A AFRE R R E

3 BENFENKRSHRE

BT S HAR D)0 P B HA A B
HUIBAR (K 9). Wimikaiibnt, A5 R
NERFIEIEARTTRE; BRI ERUAE A T sh 1R kI
ALV R RS AT R WRAE R 5 T
SR ST R T () RR A FORE A B IR A A X B
ANURRE I B AR AR .

SCHR [12] FEE 7RSSR R LA 15
WAL R RIEE IR . S AR R R R e
WA BT T IR « A TCRT 250 £F, Tk
AR VIR )T B TR SR 2 R AT
FEIERAAZE AT REAE RN 0 I REIRE . 1653
G W R OB IR I S A S R v B R AR S AT
PR —MREIRIE R 1643 4, BRMBHARIET RS
B IR M TTE RS T WL R A A
o WA S B R EHE s 2 LA, =3 ReRL
NBfE, HHUAE 518 1) B AR S 35 A TR AN BT
Fo MM SS R 75 R JE B IR T DA R B 8 A I
o BRI R EAE R IR, SRR IR )

17384 u?
AR tog T2y =0
iy
ANTERT 250 4F H 16434 H 1653 4F ( 17324 ] 17974 ’
BRI TR FLEAHEARX E TR 7K FEATL R EEFRAE I A W RR e

£g Fe B ApSc

Fz  ApSp

Ko fAZERITTRE I ATRIR &



972 oK

ST 2021 4 5 43 &

YIS B AR B A 5 R R AR H I 1), 1 S LR
ST A WY IR a] B B TR 25 A D RE RS HE I A AR
RATAT LR B, SIS AR 10 3 By 2 B E A 5T
ANEETTIER, HARGARR, A E AL KR A A
BB, SRR A2 S R R
BRI RERT DA E & TRk TR Al &
%\ EAIFA T HERAS I . AR B R A
S B RS, SR R T LU O
poougo

po:Teroo

A pooul, /2 BN poo NEFIE; po N EEH
BE R, IR HSE R, NS S5 R
AR EFERNE, X (22) MOEM TR RT L
B IR o

Xf T AR SR A R SR S, AR
ik, S5 e e RS TR (23), SRR 4% &
2 (24), KHI5E LN (25) KRB B2 T5 R
LAy WA B AT R4 SRR SR A S A T RE

(22)

p=pRT (23)
p/p* = const (24)
h=c,T (25)

W] AR AR TR A S R R R S AT IR I, (H
PysR e Re ST IE A, HA I LREA DY

u? k p

e T S 2
2 k—1p (26)
2

3%+h=0 (27)
k - w2 — u?

T R /p) 7 =1+ St =0 (28)

T 0 FRAR R SRR AT, 5 (22)
FHTASIE, S AT R £ 5% 2R 221

2 2

pOOuoo uoo
= 0o 1 —_— ... 29
Do = Poo + 5 <+4Cgo+ ) (29)

K, coo NRIFEE, Door poor Uso T MNKILE
JE, BEFEE. IS Maw = us/cy» 4
May, < 0.3 B, — M R RS 1 5] 2 e AR
AT A ZBE AT

4 NG

SRR A, b TREYEE 2
FIN A TRAR 7 2R R 20 v I 3B SR A
SRS F T FE R FE T T EE R DU R LA T T R
i) /8t

(1) KT B7R 56 (Al B BOZ A BR N H™ 14,
R R BA S AT RERE 51, ZRE 5 8RR
ROk, VR, R SN AR PR 2R A

(2) TTRERIANFIHE S T 0 2 AR, KR S
AR T IR FRHE S T AT B IR 2 A%
AT REA BT A BR A AR o

(3) Ptk A2 STHMA b 2 KA S5 M T R v [ 5t
TR SR A R, TS HOM 22 PO XA Ui A
Z5 R 5 R R s SR I PR A J i I %t A = B R A i
i sh, fERA T, BRI RE R, X
Z A RE (HRTUA RS R REXE AR 72 RAS, HAE
AR AR R e B, Dt G e A e AR TR 2
AN FL RN R RE -

(4) BBA T RS HAE 1 FE IR A E S E
FUBR 2R, T IR R A0 SR A B T2 B AR R i A
LR, NIRRT AR S 220 TETTERA R

(5) FERI Gk AF N, (AL R RE I X S e
B X PTERAL S NAT 200 EE

2 F X M

1 XIRA.  AABFIr LR o s I . 2 5 5k, 1991,
13(4): 62-63

2 . RATEARIAA . JbaG E Dk Rt 2014
Wang Hongwei. Fluid Mechanics as I Understand It. Bei-
jing: National Defense Industry Press, 2014 (in Chinese)

3 Eastwell P. Bernoulli perhaps, but what about viscosity.
Science Education Review, 2007, 6(1):1-13

4 Kamela M. Thinking about Bernoulli.
Teacher, 2007, 45(6): 379-381

5 Loépez-Arias T, Gratton LM, Zendri G, et al. Forces acting
on a ball in an air jet. Physics Education, 2011, 46(2): 146

6 Anderson DF, Eberhardt S. AR %AT. dbal: dbmBCA HIRR
AT, 2019

7 BEEEE, PN, FMEE. TARRUA S A5 MU Tk R
#*, 2006

8 TKEZ, BUgAR. Witk dre. duat: RBlesHihd, 2015

9 Potter M. Mechanics of Fluids.
Press, 2003

10 White FM. Fluid Mechanics.
2011

11 Finnemore EJ, Franzini JB. Fluid Mechanics with Engi-

The Physics

Beijing: China Machine

New York: McGraw-Hill,

neering Applications. Beijing: China Machine Press, 2006
12 X, B AT S5 AI T RE R A ) 2 ARl ST I SR DR,
F1E 55 2020, 42(2): 258-264
Liu Peiqing, Zhao Yunke. The historical contribution of
Bernoulli’s equation to the establishment of fluid mechan-
ics theory. Mechanics in Engineering, 2020, 42(2): 258-264
(in Chinese)
13 HEE, Brt. M. RO S rp RO AL, 2018

(Frtethit: 2h2)



