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Bernoulli's equation can be written as
vy V,?
P1+pTl+]”Zl:P2+p2

+yZ,

We assume the flow is horizontal

Zl — Zg
And the Bernoulli equation becomes
2 2
PV pVs
P, + > = P, + >

We also assume the velocity profiles are uniform at sections 1 and 2. The
continuity equation and be written as
Q=A,V; =41,
Where A, is the smaller flow area(A4, < A,). Combining these equations
gives and equation for the flow rate in the pipe.

2(P, — Py)

Je[-@)]
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Orifice Plate

W The orifice plate is a metal disc @ @
with a concentrichole iniit,

which is inserted into the pipe

o 4,
G,u,;;tu/ derirr,

carrying the flowing fluid. An E Mgu G

orifice can be used as a flow HI
meter by measuring the
pressure drop across the orifice.

Q: Flow rate (Liter per minute) . %

Pressere
Ceonnections

Ap: Pressure drop (kPa) SIIIIZZIoTTooSIESEEEEIIICc

A: Orifice area (mm?) wzzz2222Z é_ é"‘,;m g B Fon 3
() - KO"U?C‘Z UAP//‘) Orifice Plate

- 2 i Al ] S fice
K oipee = 2154, sharp edge otice

K opee = 1614, square edge onfice
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Differential
_pressure
instrument

1
- 1 Vena contracta

» OPTIBAR DP 7060 =
with orifice meter run Direction of flow
assembly

DP flowmeter for volume flow
measurement of liquids, gases
and steam

e For small line sizes

e Up to +400°C / +752°F; max.
160 bar / 2320.1 psi; (line pressure)

e Sizes: DN15...100 / %...2"

o 2-wire 4...20 mA/HART®, FF,
Profibus-PA
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Flow velocity Flow velocity
Vi Vo
> >
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Flow velocity

2(F-F)
V= 5
\/p[(A] / A’z) _ 1]
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Orifice Flowmeter Nozzle Flowmeter

Venturi Flowmeter
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1, Dynamic viscesity, N = sim®
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Heptane
Math
Ualium Rir Carbon dioxide ane
2 E__A—%%
r
Hydrogan
-20 0 20 40 &0 a0 100 120
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__—— Glycerin
——— Castor oil
SAE 30W ail —
SAE 10W-30 oil
SAE 10W oil—

Kerosene
e

Mercury

Carbon tatrachloride

Temperature, “C

__pVD
vl

Re

Physical Properties of Wat

Jew JE& P

Jhw (Seold caj

Ay} Jas D

Jhw b copw V

Density,
Temperature P

0) (kg/m’)

0 0009

5 1000.0

10 0007

20 0082

30 0057

40 0022

50 0881

60 0832

70 0778

80 071.8

16 20 0653
100 0584



” ) ) A
.-MM desirr,

014 ﬂjj@'ﬁ:iuﬁj )/:J;:/J“ UT—B <7

-

3392 lalejl
VMY 53 jalginy bawgi )b gl @29y (o0 )0 b wfy g9 o Ol sl &5 Gl Liale]
A0S o aS
Experiment Setup N
K (o dgd y5 30 by slp) by )y elyl
—EH Slass Pine Re<2300 Il -
2300<Re<4000 1,35 -v
| ! Re>4000 oa-v
N l" :
Water /
Ink / Tap |
Injection
Needle

17



d,JJ,:;‘L(B""’ i,
L‘JL/.KLC":'U:;)’LJ}/LZUT‘B L

ol V' ialdl o s ol g 00 3b5 Q  Q=VLA abayly ollao s yiiiy 4 2 53,550 L
5 )35 & pl] b 5l o8 oS 5 48T o e Gl 5By (565 5 b o 1B RE Sae ]l
D95 (g0 A oD (g

& (W dg o 0 by slp) by w23) Elgl

Re<2300 (laminar)el,i -
6 el 2300<Re<4000 (transient),is -y
Re>4000 (turbulent) ,a, -v

T ————— & Transitional

W- 6 Turbulent

18



19

—

{b) Laminar flow

—_

() Turbulent flow




d,JJ,:;‘L(B""’ oin.,
IS o W
: )Lv&é Tgey

2 oA Dyl (60508 (£935 A g o iy yal paw g 1 g Dygo 4 &S Cunl YISl cueS SO

20



” ) ) A
.-MM desirr,

IS o W
’ 1 Lid glgdl

Dgus (g0 odoxiaw (Jol8 M) yao jLid 4y Cuns oS cunl (g)lis : gllao jLis -
A0k oo byd daws HUST ) g LS yawes] L -
Patm=101325 Pa= 76 cm Hg= 10.33 m H20

Absolute pressure Relative pressure
[bar] [bar]

A

A
1,01325 bar abs ‘ Y O i
Ambient pressure I l | |

0 bar abs Y -1,01325

Vacuum Absolute pressure Differential pressure Relative pressure
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;S b Yl 5l doles
P =pgH
Jbw JBe P
Static fluid pressure does not depend on the R
- shape, total mass, or surface area of the liquid. «.J""’ “."l""“’ g
Jlw glas)| H

weight — mg pVag

Pressure = SR pgh

area A

L}
V = hA = volume
weight = mg

P o 2 = cte o Uy, dske an
P R CCC Gy
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Sphygmomanometer o g lié -0
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Barometer

Diethyl

& f7/_ether

Vacuum H,O vapor vapor
TR M s wa | | ey L g +—=Original
Liquid H,O Hg level

24 mm Hg
545 mm Hg
Py = 760 mm Hg 736 mm Hg

/— Diethyl

215 mm Hg I sthar

| y liquid

wwiw.unit5.org/christjsiGas %20Laws/Manometer.ppt

ool yilyt o b 15,1 o bl Wid cdiwan oS Jlww S 4
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(Q
Vacuum —
A
Glass tube —
Height of
Mercury — | mercury
column
Atmospheric 76 cm (301in.)
pressure
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Standard atmospheric pressure as a function of elevation:

P.m | KPa
101.325
97.71
94.21
89.88
84.31
79.50
69.68
54.05
46.56
37.65
32.77
26.44
11.65
5.53

Altitude
Sea Level (0m)
305 m
610 m
1,000 m
1,524 m
2,000 m
3,048 m
5,000 m
6,096 m
7,620 m
8,848 m*
10,000 m
15,240 m
20,000 m

NI 427

P.um / iNHY

29.92
28.86
27.82
26.55
24.90
23.48
20.58
15.96
13.75
11.12
9.68

7.81

3.44

1.63

Altitude
Sea Level (0 ft)
1,000 ft
2,000 ft
3,281 ft
5,000 ft
6,562 ft
10,000 ft
16,404 ft
20,000 ft
25,000 ft
29,029 ft*
32,808 ft
50,000 ft
65,617 ft
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pressure
H—a- -4—1 1
= g . S
- - —
1 K
-—0— SR,
—_— —1—
s, T— = P p—
P S
| \_4-— \ _4—) J
liquid -
Fan is operating Fan is not operating

R

@enenweress 1111|1110
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Clear Plastic Tube

Water

—t

Transducer

alaladal

Water
Colummn

Litiilinatabed

Ruilier
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Instream Piezometer
{1/2inch by 7 feet)

Manometer
Board
Valve
g Peristaltic
N || BEESESES—— Y _ _ 28l
4 Streambed
[ °h ~ surface
- -'_\---
r o
4
£ n B |«
| —_— r
| » e —— — 1
|“| - = Midpoint of
; _ s
L o - - . piezometer
L .-__.-' perforations
- ¥
> -

(DIAGRAM NOTTO SCALE| Manometer board in use
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Pressure Blood Pressure
inside the cuff in the artery —— U9'> @w)l.w.é -0
(e.g. 120 mm Hg)
Diastolic BP
(¢.5- 80 mm ) Explanation of how blood
% ‘ ‘ *’ ‘ ‘ > pressure is measured based
J ' on Korotkow sounds

Korotkoff sounds in the stethoscope

|

120 mmHG

Display in the
blood pressure gauge
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Pump Tubes

A wide range of tubes are available.
Choose the materials and size
according to application.

Rotor Assembly

o

Geared Motors

The gears are designed and
developed in-house.

The uniquely-configured resin
planetary gear, with its excellent
durability, is highly regarded.

The motors used are manufactured
by domestic Japanese companies
with stable quality.

Fitting

: Insertion-type fittings for easy removal.
| l Tube replacement can be done easily.

i Choose from various types of fittings

1 according to application.

Cassette

The highly-transparent clear body enables the pump motor status
to be checked at a glance.

Super engineering plastic is used as the cassette material.

The highest levels of weather and chemical resistance are realized.

34
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The Application of Longer Product in In Vitro Diagnostic (IVD)
The Application of Longer Product in the Pharmaceutical Industry

Peristaltic Pump in Dialysis Machine

The Application of Longer Product in Liquid Filling Machines
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(mL/min)

o S i
b o5
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YZ1515x YZII15 i =
YZ2515x YZII25 ot 62

Micro & small flow tubing

200 . - . , - ——
(D6-1,06-2,06-4,06-5,06-8,06-12(6roblers)|  [06-1,06-2.06-406-6.069.06-12(10eobes) | DG15-28 Th15 167mL 254
100 DG15-48
7SmL 3.17=0 8(mm
50 48mL. 3.170.86(me), S2mL 2 0 5]
7’ /,
7’ Ly
40 o v
R2m 7 -
3060 2.4x0.8(nm) . P 30mL 2+,
30 7’ o 7 -
7 Bnl 24x0.86(mm) ! p el 149
20 y Z 200 2% ){vh 20mk2.4x0 B6{mm) 7 =
> ’ 1'1“1"51!7}6% > e /r;m 1 5;'0665:‘"“‘. P ’ Lz % 12mL 11
7 e B x1|m - —r_ g R
10 R AKX 'Nl‘ o) P ¢ - =4 30 7.02x0.06{am) o 4F 7mL 132
BT — = =57 To2x086(mm) g = =—g==""] /e 1508
O 20 40 60 80 100 O 20 40 60 B8O 100 O 20 40 6 80 100 O 20 40 60 8O 100
(rpm)

(rom) (rpm) rpm)



(al/min)

)
’

(mL/min

Medium flow tubing

4000 40DomL 35¢
3500 S
3000 / w3
2500

2000

1500mL 15¢
1500 /’/
1000 80pmL 1207
500
150mL 119#

0 100 200 300 400 500 600

(rpm)
i
2000
1600mL 2¢#
1500
1000 960t 154
500 o
0 100 200 300 400 500 600
(rpm)

YZ1515x

YZII15
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400 500 600
(rpm)

1800mL 17¢

1150mL 25¢

492mi 16*

400 500 600
(rpm)
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Note: Different colorful lines represent different type of tubing.

SIIREIOPIN = e - 1.62%x0.86(MM) - = = — = = = = = — - —
2.4x0.86(mm) 1.02x086(mm) - — — — — — — — — — 2
2.4x0.8(mm) 1x1

2xifmm) Tm——_———————— 0.5x0.8

13* 189 36

14¢ 19% 738

159 24% 82¢

16# 25% 119#

17¢ as* 120°
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Calibration of Rotameter

Q=(alpha)(rpm)  :yal)l g0 ol alal, oy

100
—Silicon tubing flow rate curve
— Linear (Silicon tubing flow rate...
80 -
- ¥ =1.96x + 6E-14
=
c 60 -
—
S
) —
O 40
20 -
0 .
0 10 20 30 40 50

rpm
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Calibration of Rotameter

uncertainty or error _wb;l glas

Sl o0y st 00 jlw CS s bawgi —— olSiws 095 31 iU gl
accuracy cowo \ )
o lejl slas glgl
error

ool plxil 1 b glas

/ precision cds

Iy i b1 S5 ey dmlno cg>
s g 0oS (0,150 )b (oo
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Calibration of Rotameter

precision cdés § ACCUracCy cuoxo pgiso duw lio

Precision vs Accuracy

High Accuracy L.ow Accuracy High Accuracy L.ow Rccuracy
Low Precision High Precision High Precision Low Precision
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Calibration of Rotameter

uncertainty or error _ib;l glbs acwlxeo

standard deviation

00 error =
average

o — \/Z(%: —M)Z
N

0 = population standard deviation

N = the size of the population
Zi = each value from the population

H = the population mean
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Measuring the density of an object
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Reference temperature (°C)

100

(o]
o

(o))
(@)

N
o

N
(@)

Zowlod 33,5 04dl8 Wiule sl

pt100-1
pt100-2
— = pt100-3
— = pt100-4

20 40 60 80
RTD temperature (°C)
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