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dv . , L
o —pgradl — gradP + pAV + (n + wgrad(divV)
uﬁﬁ}(%_e_dlvv_()) okl e wle dal oa
2 du; 0u; 2 | sy o
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OB Al 3 Jlga: HM150.07 Jead!

(Bernoulli’s Principle DemonstratorApparatus) S sk

10

1. Assembly board
2. Single water pressure gauge
3. Discharge pipe

4. Qutlet valve
5. Venturi nozzle with six
measurement points

7 . Probe for measuring overall
pressure (can be moved axially)

8. Hose connection, water supply
9. Inlet valve

10 . 6-fold water pressure gauge
(pressure  distribution in  the
Venturi nozzle)

kel Jaualds
Jlealldals ]
(e )Lﬂf.Z
8 el gl 3

'gLAM GJJ.A e\M.4
Ll 6 43 (il gl §

elat 6
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oLl 3l a5 sl 8
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(Basic Hydraulics Bench) sllb 433 jea : HM150 Sl

&

5
«—B
 FaT ] "
8o o aunt
2 = ' : S%EUHG
8 ]
9 ] 3
1 2
1
11 P
12 Ribiahin s
s el Joalds
1 .Sump tank slall (o 3a3 G ]
g=ald s e slal ZlAY @k e,
2.Sliding valve 3l s
3.Remote sight gauge .8l elall (5 sivsa Ll (5 yia sile a5l 3
4. \olumetric measuring tank with Sl Gl ald a a4
channel
5.Water supply connection for Jkall daadll e eldl dp2dl GaldlS
accessories without pump HM150.07
6.Discharge cap Sy peaill ellat 6
7.Switch box AL yeSll adal gall 5 iiliall dle 7
sy palal) a8 s 30 slaall sl 8
8.0verflow pipe il
9.Flow control valve Adiaall (e G831 48] e slea 9

54



A ) COa gl 8 g Luall lad Gy jad Al o T\ | W A

10.Water supply connection for Adiadl e clalb 4l dla 5 10

accessories with pump
11.Submersible motor driven pump sl (85 ) sae diina 1]
12.Drain valve slall o i 5 iy peal plaa 12

Do Lo il 4l Cangs 1 A 2l (e B3gN2-1-1 11
(mmjuw)um)hmﬂ\eﬁmmjw;ﬂ\damﬂu_u)ﬂ\uw\ 1
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Oihasy G 8ol Jalee s 3
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(uw\@mfwm)uu\ﬂﬁduk@\w;,_LMJM}.\LA\‘_;&IAUY\M

AP AH AH ar
= PY ; =
PY

g = 9.80 m/s? dun Y duial ¢ p = 998 kg/m> elall dnaaall ALY p: Cum

¢ Py e gl el olds b ade jumy 5 Sud) Larcally A gSuad) Javiall Gl 2
;i = 1:2:3:4:5:6P(stat)i = ng(stat)i
YR VL eailal) abiall e gilal) dsiay KU dariall; A bl Gls 3
[ = 1r2r3r4r5r6p(total)i = ng(total)i
sl Jaaeal) g K sl s A oS il Jaialls S il Jakal) s g
A3l

WZ

i1=12345,6P; = PgHDyna)i ; Hpyna)i = Z_g ; Hp; = Hy — Hg
s oY) e Gl G (A gik Aldlaa aladdad 5
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Fm pm px  gm gm  mm
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) e (%)

Etat 1 Etat 2
e el daually o )Y i Lagd (pailads (s (53 )b Adalas Canes
P, w? P, w?
_1_|__1+le—2 +_2+ZZ y 241 = Zy
p-9 29 p-9 29

Py _I_W12 b w3
p-9 29 p.g 29
= H(stat)l + H(Dyna)l = H(stat)z + H(Dyna)z
= H(total)l = H(total)z
glada dsa s Alla i lal ¢ 2 51 oihatill (A gaad) b pluda s g aae s 3 Alalaall o34
g

H(total)l > H(total)z
H(total)l - H(total)z = Hy; = AH = Hjyg
- aalll) A8Mally Lo gracall (4 A8l \_\gﬂlmgs@mj
H(total)i = H(stat)i + H(Dyna)i

3 H(Dyna)i 9 bl JS0 L a3 iy Y Lﬁm 5 WAl J genall
H(Dyna)i = H(total)i - H(stat)i
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m, = m, ;o m=pV
ﬁle =pV2
$V1=V2 ; V=AW
V=A4,.w; =A4,.w, = const

Ml JSl 8 LS e JS i Aalisall o Jean aiiasl) L ol Sl 23830 cilibaal) aas

A,=338,6mm?

., A,=338.6mm?
A,=233 5mm? _ , A,=255,2mm?
A,=84.6mm? A=170.2mm |
| | .1,
— 21D| I I | 8° —
”'j'//_ 4

P AUl A8Mall a7 (303 e de ) s (S adaliall 238 43 yra (e

W=Z

s Ay adl) 8 dagiall sl aYI6-1- 111

( HM150 )elalh a3l Slea (568 (HM150.07 )i adll Slea iz Aol 8 ghd

Sleadl Aaimdll e elally 2330 Gal 5l e Adiimall e elall o 55 o sk 38 alis 40005 ghad
Al e il dule (e 3SEN 22y HM150 Sleall 4l 5eSU 33l) Joa 5i; 4515 5 ghad
i 5 ol 8 ) sgl) Cleib (e (aldill (o pud) Jaai (S Lagus Lo sac : Aol 8 glad

@Sﬁeﬁ‘;\}@J\atcﬁé&mo\;@@)&w\fjmj‘961.&.\45\6:\&3}4.6@\@54
. Adadl) Glad S8 gl i A 9 9 alanall

4 slaall 355 5 5 a5 ginaal eLall J 3 (st e 4 alaral e e Aamall o 52

S (4 1 nl s a1 ki 8 g e silall (8 (3 oSl Jadeall o iz Aeasald B ghad
Z1AY Gl alaally 5 debally @8l Qs amy I J gaad) Slas 5 U Jazall 8 5 ddais
0L s sbai elall (e 43aS S HM150 Jleadl & sl

58



A ) COa gl 8 g Luall lad Gy jad Al o T\ | W A
[19].61 (4¢9) Oadbarall puia y ity ddlide daf o 3301 Jasia das

s i) il 7-1-111
dial) g dg guunall &M\u#:\.t)&dhuah 1 Jgaal)

i H1 H2 H3 H4 H5 H6| Vs

H stat 375 355 30 230 270 285 0.25

H total 390 38 385 360 345 330 0.25

H 15 32 355 130 75 45 0.25
dyna

W mes | 0.7383 | 1.0706 | 2.9550 | 1.4688 | 0.9796 | 0.7383 0.25

W cal | 0.5422 | 0.7919 | 2.6378 | 2.548 1.47| 0.882 0.25

H loss 3 2 25 15 15 / 0.25

i H1 H2 H3 H4 H5 H6 I/sV

H stat 370 350 50 235 270 285 0.22

H total 385 382 380 350 340 325 0.22

H 15 32 330 115 70 40 0.22
dyna

W mes | 0.6497 | 0.9421 | 2.6004 | 1.2925 | 0.8620 | 0.6497 0.22

W cal | 0.5422 | 0.7919 | 2.5432 | 1.5013 | 1.1713 | 0.8854 0.22

H loss 3 2 30 10 15 / 0.22

i H1 H2 H3 H4 H5 H6 I/sV

H stat 362 340 45 230 262 272 0.20

H total 375 372 360 340 330 310 0.20

H 13 32 315 110 68 38 0.20
dyna

W mes | 0.5906 | 0.8565 | 2.3640 | 1.1750 | 0.7836 | 0.5906 0.20

W cal | 0.2548 | 0.7919 | 2.4847 | 1.4683 | 1.1544 | 0.86630 0.20

H loss 3 12 20 10 204 / 0.20

i H1 H2 H3 H4 H5 H6 I/sV

H stat 320 300 30 200 230 240 0.18
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H total 335 332 330 305 290 280 0.18
H 15 32 300 105 60 40 0.18
dyna
W mes | 0.5316 | 0.7708 | 2.1276 | 1.0575 | 0.7053 | 0.7544 0.18
W cal | 0.5422 | 0.7919 | 2.4248 | 1.4345| 1.0844 | 0.8854 0.18
H loss 3 2 25 15 10 / 0.18
i H1 H2 H3 H4 H5 H6 /sV
H stat 295 275 25 185 215 220 0.16
H total 310 307 300 280 275 255 0.16
H 15 32 275 95 60 35 0.16
dyna
W mes | 0.4725 | 0.6852 | 1.8912 | 0.9400 | 0.6269 | 0.4725 0.16
W cal | 0.5422 | 0.7919 | 2.3216 | 1.3645 | 1.0844 | 0.8282 0.16
H loss 3 7 20 5 20 / 0.16
—a&— Pstati
. —e— Ptotal
400 ° ° ° Pdynami
w0l \°\o\
300—- -
E ./
L 2507 ./
% 200—-
100 -
50—-
o
(I) I 5IO I 1(I)0 I 1%0 I 2(I)O

length of Exporimental Section

Jshall AWy 5 oSl g S jaill g SN Jazcall G piat e g st JSE)
$2 sl LS Clad G 8 3 5 ] Gkl (o Jariall 4 150 ddlua 3 glad
Ol (B8N Jalaa by pald 1 2 J g2

V=025 L/s V= 022 L/s
Htotal AP K Htotal AP K
390 |293,412| 0,01167592 385 293,412 | 0,01167592
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3 | 387 382
V=02 L/s V= 018 L/s
i Htotal AP K Htotal AP K
51 293,412 | 0,01167592 55 293,412 | 0,01167592
3 | 372 ’ ’ 332 ' ’
V=016 L/s V= 015 L/s
i Htotal AP K Htotal AP K
510 293,412 | 0,01167592 275 293,412 | 0,01167592
3 | 307 ’ ' 272 ’ ’

@) - 1-111

4\_1);45\ cl.k;\ REREN ‘_é JJJWCalMM\JWmeS Al 4.(:)4:5\ UA c_a_)\s.m Ladh -
d‘}lm Pstatl‘;a)&..d\} denamlé.\)a_\i\j Ptotéﬁ\ ..Lu_..al\ u\)m @;M e.u) ey -

s b e Sl i Sl

Ao grall g gaatll yuaty SlIA K Al Lj.AL&A‘\.A.\S‘f Gl laads -

O Baa g idas (g (53 yrdlalase Gaadai a2y -
H(total)l - H(total)z = Hy; = AH = Hjyg

> Jshall 8830 5N e A gH, ol YL eyl &Lu.ml\ wath a4 g

Gl b a5 Al Jalas ¢ AU m,;mz-| I

Ot Ge Sl o sSinr Alaaiaal) 8562 ¥11-2- 111
(Pipe FrictionApparatus)<ssbd d<iay) &l jga: HM150.01 S

61




A ) COa gl 8 g Luall lad Gy jad Al o

Sl Ll

.

B

1 . Instrument panel

2. Drain valve

3. Pressure measuring fitting
4. \Water manometer

5. Dial manometer

6. Head tank

7 .Shut-off valve for water feed at
bypass

8. Bypass

9. Hose connection for water inlet
10 .Shut-off valve for water inlet
on head tank

11 .Shut-off valve for water outlet
on head tank

12 .Pressure measuring fitting

13 .Pipe section

okl daalds

Dl dgal s 1
,k._aj,\.';‘ﬁ\ d;JA‘_,_’AM all Wi dlag3

Ol G Lokl 8 5l Gl e e sile 4

s 55 580 bgrall Gl e i sile S
s yhaaall Lol

obad) bl s 4l St alea, 7
el 4030 Joum 5 gl 8
Adadl e AL elal Ji) alea 10

28 O e el 21 Al plea 11

s 7 a6 daxual) i dlas 12
Al all eslal o 13

(Basic Hydraulics Bench) sl 433 jga : HM150 4l
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Sl Jiadl)

6 —E1 F
Q &
! = o
@ N Lt
8 L
9
1
11 -
12 A 2RO
1 .Sump tank
2.Sliding valve

3.Remote sight gauge
4.Volumetric measuring tank with
channel

5.Water supply connection for
accessories without pump
6.Discharge cap

7.Switch box

8.0verflow pipe

9.Flow control valve

10.Water supply connection for
accessories with pump
11.Submersible motor driven pump
12.Drain valve

ke Jaalds

slall (38 (]

b Gass e skl Zl AY Gk dea
(Al sy

kel clall (g giua (bl (5 e sila gl 3
Gl Clusy pald a4

Sleall Aamdl S aadl galls
HM150.01

iy pail) gla 6
AL Sl adal @l 5 iiliall dile 7

Clusy (aldll G sall A 5200 3 oliall 5l 8
(Gl

Adiadl e 323 48) e slea 9

Adaall e sl 42ill Ala g 10

e

slall A5 ) sara ddian 11
slall 88 5 By e plana, 12

;o Lo il 4y el Cangds Ay o) Cra iagli2-2-1 11
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laminar &6 ) flow bl baad 30a% gde jull 5 eaal) Ganll o jadll Gluall-]
(turbulent «_ ks

_u)m\@u.\.\las.\umw\uﬁd)d\ JJJ;JM‘);J\O‘)H\ 2

& (Aaball D seall 8 e Luzll ) The pipe friction factor d\SA\J\ dAku la-3

KA Jalae o (8 el llal) 3y i) 230 uuwux 4

s Jard) 1asa 3-2-111

(L =40cm) Jehll (D = 3mm) ) e}l’.ﬁ&_lj.u‘ BESAPN ésd.uj\ \J.\AM
[18]&@\&2&4]\&@)35\%_5&\43&@@3&\%‘

« & padal) Lt ARy 4-2-] ||

C);.d\@u_u\jd;a.J\Lgdj!\Lyfumuu;ﬂyuuﬂ M\u\.u;\g.hd&l

dﬂ\ﬂ)ﬂbk@\@dﬂ\wéﬂﬂyw\Lg;\.d\c;jmu.ud)sj\ju}u)d

AP AH ; aH=2F
= pgAH ; =—
pg

g = 9.80 m/s? duxa ¥ duwilall ¢ p = 998 kg/m3 slall dpaaall Kl p: Can
A Jriy z_aall 5 Jaaall (Al geal) i pluzall 11 Jalaall 9 4 gand) b pludall qilua-?
,QLA\SL&@L;J\M;&\@&@AQ@M

L w?

AH; = A.—.—
D 2g

(Y] Jalaa) Al Al ganll e ebas 1: G

:(REYNOLDS)" 33 sis "

(i) pw?/D _pwD _wD
(sas3l)  pw/D? U

lall Gl (als Dy (A (uw /DA 55 88 5 (pw? /D) edlell Allaall 3 8 (s 0 )y

Aaleie 5 A0 oo 5 Ll A8 jall A g5l v s, (al Al aadl) 138 Gl aa e 2T amy elld g

8,all da

Re = (UJJJDJAJ — LSJR—I \}[)

Re, ~ 2300 Acdllda
Re <2300 &L
Re > 2300 < hiaskha
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v~ 1,07.10"°m?/s

A A8y 8 5l ol e gyl

.V
V = ? ; éﬂﬂw\c Vel aaact: e B il

T

4 . D?

Loy yla Lal ] e lad dnillysdan 2l g 4y plail) 48l 45 8a5-2- ]|

Vil (e Uil e pual) i 5 2000 Aa)) Lo aaia 3 Ay i) Ay jha)-]
2

L w 2g D
AHL=A.5.5(meter) = 1= AHLWZ
50a ) A8l Jaxtasig ¢ yialls Ay sma 583 AH, (Sl i silall Jlaxinsl aie 808 ) Jaail)
[18].5 5l

b 5. mbar sas sl A sese ST AH, pal) 53 e silall Jlerind die o lacadll baill a3 Ll
A A e slaie )
_ (pgAH,) 292 _ (AP) 2 2
pg Ww?L p w?L
1 mbar = 100 pa S8 Ja =3l Wl bl Glually ¢ pa JSGlL 4 guse AP, Eua
;S 280l e

A

. _(00.4p) 2 D
p w? L

A BN e Ay e 5 gy et Al zilar o aaied 3 4y ) 48y jhal)-D
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Aen = Re
s Gkl haadl) gA
0,3164
Ao = VRe
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s 4 il 8 dagial) Qi) Y 6-2-111

(HM150 )elady 4330 Slea 58 ( HM150.01 Yoot Slea aoaiz (ol 5 gk

leall damdl e cLally Zpssll a5 e Aamal) (o elall Juum i o ol yakiali; Al § sl
A e sliall Ao (e 2SI any HM150 el 4l jeSh) 230l Joa 53; 451G 3 glad
Sl Jaai s lalaall sl g it Clalanall Cpapa gill (ISEN 8 2: dag) 5 8 ghad
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CAaad) 3l Bl i 5 7 alesall 3l Q¢ o) sl Cilelas s

s Qleldd o (2¢11) 5(2¢7) Omlaall ) sans clall Ay Cagu

Bl 5058 s ) e gladl 8 eldl 5 S edan D alacall mids g 448 gie Aacaal) o i
2 alaall

i o5 ¢ 4 yia gilally (pih g0 ya (3¢12) il sl ol i 86 ) Jaaill Jal ez dnadls B ghadh
(st Asmall (o e slall iy 5 ) 80 e (210¢11) g (o o i gl a3 5 Aduadll
o OAY e 5 ¢z AN ) sead) ) e paildl) ey 5 10 plaall 25k e ol 380
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28 1) Taaill Jad (e slall Az g 3380 Sl
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Sl Jiadl)

J.ICL;.@_LLJLQJM d}dﬂ\d‘a&\@;\&}c AHL = 3cm‘_,ch}~aal\ d;iwab\c«\‘);}”
[18]. AH; = 12cm

A jal) iliil7-2-1 11
AH,(em) V(L) t(s) V(L/s) | w(m/s) Re A Ly
2| 02| 50 0,004| 0,5661712| 1587,396| 0,0091717| 0,040317
3| 0,2|49,2| 0,00406| 0,5746638| 1611,207| 0,0133539| 0,0397217
4| 0,2| 46,2| 0,00432| 0,6114649| 1714,387 | 0,0157265| 0,0373311
5| 0,2]| 42,1 0,00475| 0,6723283 | 1885,032| 0,0162601 | 0,0339516
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N° EXP t(sec) 1% R ax Rpin | Ah(cm) | AP(mbar)
1 3,03030303 | 0,66 96,5 70,5 26 254800
2 5 0,4 98,5 68,5 30 294000
3 6,06060606 | 0,33 90,5 64 26,5 259700
4 7,14285714 | 0,28 84,5 70 14,5 142100
5 8 0,25 85,7 67,5 18,2 178360
bl dbliaia Ay gl Abag 1 o gald 02 Jya>
- i ..,“' j
alaal|
N° EXP t(sec) 14 Rnax Rin | Ah(cm| AP(mbar)
1 3,0303030 0,66 83 49,2 33, 331240
3 8
2 5 0,4 93,5 70,5 23 225400
3 6,06060606 0,33 87 65 22 215600
4 7,14285714 0,28 90,7 63,7 27 264600
5 8 0,25 88 63 25 245000
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N° EXP t(sec) hpmin | Ah(cm)| AP(mbar)
1 3,03030303 0,66 85 46,5 38,5 377300
2 5 0,4 93,7 70 23,7 232260
3 6,06060606 0,33 84 67,7 16,3 159740
4 7,14285714 0,28 89 65,5 23,5 230300
5 8 0,25 90,5 58,5 32 313600
(S (8 e ) (3hsa JS& o gl 1 o pald 04 Js
3Ll = jﬂ
ddaail) ®
N° EXP t(sec) 1% hmax | hmin | AR(cm) | AP(mbar)
1 3,03030303 0,66 98,5 68, 29,8 292040
7
2 5 0,4 84,5 67 17,5 171500
6,06060606 0,33 83 63, 19,5 191100
S}
4 7,14285714 0,28 93 54, 38,5 377300
5
5 8 0,25 86,5 58 28,5 279300
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N° EXP t(sec) 1% Rax | hmin | AR(cm) | AP(mbar)
1 3,03030303 0,66 90 73 17 166600
2 5 0,4 83 68, 14,5 142100
5
3 6,06060606 0,33 81 65 16 156800
4 7,14285714 0,28 82 67 15 147000
8 0,25 94 50, 43,5 426300
5
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/_’/I Or—
o Ll
N° EXP t(sec) 14 Ronax Rpin | Ah(cm) | AP(mbar)
1 3,03030303 0,66 84 79 5 49000
2 5 0,4 85 67,5 17,5 171500
3 6,06060606 0,33 78,5 68,5 10 98000
4 7,14285714 0,28 88 66,4 21,6 211680
5 8 0,25 84 60,5 23,5 230300
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)
o 2L
N° EXP t(sec) 1% Rmax | Pmin | AR(cm) | AP(mbar)
3,03030303 0,66 85,5 78 7,5 73500
2 5 0,4 88 64 24 235200
6,06060606 0,33 87 60, 26,5 259700
5
4 7,14285714 0,28 93 62, 30,5 298900
5
5 8 0,25 82 62 20 196000
D583 3934 (38 5 738 alaa: o ald 08 Jo>
104kas)
N° EXP t(sec) 1% Rax | Rmin |AR(cm) | AP(mbar)
1 3,03030303 0,66 91 73,5 17,5 171500
2 5 0,4 92 60 32 313600
3 6,06060606 0,33 92,5 58 34,5 338100
4 7,14285714 0,28 95 99 40 392000
5 8 0,25 89 99 34 333200
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Abstract

This work falls under the existing scientific research directed to
the development of methods to reduce the loss in the energy load
inside the tubes. Research in this field is multi-faceted.This work
Is todiscuss thetwo-fold theoretical and experimental goal is
adifferent study ofphysical phenomena occurring of fluids within
onlypiping such as conservation ofmass and theamount
ofmovement and expressed equation Kinetic energy(cotton-
fortier) that determine theloss in loadTagoah.mnfor this should
be addressed indepth theexperimental side To reduce load loss
bydevisingnew methods of transporting fluids that are less

expensive and more efficient.

Key words :kineticenergy equation , conservation ofmass,
momentum ,energyload




