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I »

(Cdlibration Record Sheet)

(Error) .

(Accuracy) ..

15



(Cdlibration Certificate)

[ STD I MFG.MANUAL
O O
RANGE SETTING READING
\
STD 1 =+ ...
2 STD 2t
................ °c
................ %

16



17

(Record of Usage)



18

/
(LOANED/HIRED EQUIPMENT REGISTER)



19

(TABLE OF PERMISSIBLE ERRORS)

FULL SCALE PSI

FULL SCALE

133

PSI



~

20

(CALIBRATION STATUS LABELS)

9
NQ SERVICE
OUT OF CALIBRATION
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(Calibration Log Sheet)






6.2.2

6.2.3

6.2.4

6.2.1
6.2.1.1

6.2.1.2

6.24.1

6.2.4.2

6.2.4.3

6.2.4.4



6.2.5



6.1

6.2

6.3

Workshop

Workshop



6.5

6.6

6.7

6.8

6.4

(Purchasing Order)

(Delivery Time)

(Priority)



(Pressure Gauge)

1 Pressure Gauge

Pressure Gauge

31

3.2 Pressure Gauge
land1301vay

51 Pressure Gauge

5.2 (Hazardous Area)

i1
6.1
6.1.1 '

6.1.2 me
6.1.3 (Interlocks)



6.3

6.4

6.2

6.2.

6.2.2

6.3.1
6.3.2
6.3.3
6.3.4

6.3.5

6.3.6

6.3.7
6.3.8

6.3.9

6.3.10

6.3.11

6.4.1
6.4.2

6.4.3

Gauge

Pressure Gauge

Pressure Gauge

Pressure Gauge

Pressure Gauge

Pressure Gauge

Pressure Gauge

(Work Order)

(Log Book)

(History Card)

Pressure



31
3.2

51
5.2

6.1

6.1.1

6.1.2
6.1.3

;b1
REV. NO e
(Transmitter)
Transmitter
Transmitter
Transmitter
Transmitter

(Hazardous Area)6

(Interlocks)



6.4

6.2

2.2

.2.3

6.3.4
6.3.5

6.3.6

6.3.7

6.3.8
6.3.9

6.3.10
6.3.11
6.3.12
6.3.13

6.4.1
6.4.2

6.4.3

(Line Entry Permit)

6.3.5,6.3.6,6.3.10,6.3.11

Transmitter

Transmitter

Transmitter

Transmitter

(Gasket) (Flange)

( ' Level Transmitter)

(Work Order)

(Log Book)

(History Card) Transmitter

Transmitter

6.3.13






3.1
3.2

5.1
5.2

6.1

(Control Valve)

6.1.1

6.1.2
6.1.3

(Hazardous Area)6

(Interlocks)



6.4

6.2

6.2.1 (Line Entry Permit)

6.2.2

6.2.3

6.3.1

6.3.2 (body)

6.3.3

6.3.4

6.3.5

6.3.6
6.3.7

6.3.8
6.3.9
6.3.10

6.4.1 (Work Order)
6.4.2

(Log Book)
6.4.3 (History Card)

actuator
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(Control Valve Preventive Maintenance)

(Control Valve)

(Control Valve)

3.1
3.2

A191NAA1N

5.1
5.2 , ' 6

6.1 (Precautions)
6.1.1
(Hazardous Area) e

6.1.2 (Area Safety Mannal)



6.3

6.4

6.2 (Prerequisites)
6.2.1

6.2.2

(Instruction)

6.3.1

6.3.2
6.3.3

6.3.4

6.3.5 (Lubrication)

6.3.6
6.3.7

6.4.1

6.4.2

6.4.3

(Work Order)



11

1.2

31
3.2

51
5.2

6.1

Meters

6.1.1

(Flowmeter)

(Crifice Plate)

(Magnetic)

Flowmeter

Rota

Turbine

Flowmeter

Flowmeter

Flowmeter

Positive Displacement

(Hazardous Area)



6.2

6.4

6.1.2
6.1.3

6.2.1

6.2.2

6.2.3

6.3.1

6.3.2

6.3.3

6.3.4
6.3.5

6.3.6

6.3.7

6.3.8
6.3.9

6.3.10
6.3.11

6.3.12
6.3.13

6.4.1
6.4.2

6.4.3

(Interlocks)

(Line Entry Permit)

Flowmeter
Flowmeter
Flowmeter
electronics
6.3.5, 6.3.6, 6.3.10, 6.3.1116.3.13
Flowmeter
Flowmeter
Flowmeter
Flowmeter
(Gasket) (Flange)

(Work Order)

(Log Book)

(History Card) Flowmeter






10

RTD/Thermocouple

RTD/Thermocouple

RTD/Thermocouple

213113011
3.1
3.2 RTD/Thermocouple
5.1 RTD/Thermocouple
5.2 (Hazardous Area)
6.1

6.1.1

6.1.2

6.1.3 (Interlocks)



6.2

6.4

6.2.1
RTD/Thermocouple
6.2.2

6.2.3

»

6.3.1 RTD/Thermocouple
6.3.2
6.3.3
6.3.4 RTD/Thermocouple
6.3.5

6.3.6 RTD/Thermocouple

6.3.7 Thermowell

6.3.8 RTD/Thermocouple
6.3.9 (Gasket)
RTD/Thermocouple

6.3.10

6.3.11
6.3.12
6.3.13
6.4.1 (Work Order)
6.4.2

6.4.3
(History Card)

RTD/Thermocouple

Thermowell

(Line Entory Permit)

RTD/Thermocouple

(Flange) Thermowell

(Log Book)






(Contraller)

2minhn

31
3.2

51
52

6.1
6.1.1

6.1.2
6.1.3

Controller

15/

Controller

Controller

Controller

(Hazardous Area)6

(Interlocks)



6.2

6.4

6.2.1
Controller
6.2.2

o>

6.3.1 Controller
6.3.2 Controller
6.3.3

6.3.5
6.3.4 Controller

6.3.5

6.3.6 Controller

6.3.7

6.3.8 Controller
6.3.9

6.310

6.3.11

6312

6.4.1 (Work Order)
6.4.2

6.4.3

(History Card) Controller

158

electronics

6.3.12

Controller

(Log Book)



~~
—

~
N
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(Recorder)

31
3.2

51
52

6.1

6.1.1

6.1.2
6.1.3

Recorder

160

12

Recorder

Recorder

Recorder

(Hazardous Area)

(Interlocks)



6.2

6.3

6.4

6.2.1
Recorder

6.2.2

6.3.1 Recorder
6.3.2 Recorder
6.3.3

6.3.5
6.3.4 Recorder
6.3.5

6.3.6 Recorder

6.3.7

6.3.8 Recorder
6.3.9

6.3.10

6.3.11

6.312

6.4.1 (Work Order)
6.4.2

6.4.3
(History Card) Recorder

161

electronics

6.3.12

Recorder

(Log Book)






51
5.2

6.1

(Weighscale)

6.11

6.1.2
6.1.3

163

3
.......... e
REV. No .....
1
(Calibration)
Weighscale
(Hazardous Area)

(Interlocks)



6.2

6.3

6.4

6.21

6.2.2

6.3.1

6.3.2

6.3.3
6.3.4
6.3.5
6.3.6
6.3.7
6.4.1
6.4.2

6.4.3

Weighscale

Weighscale
Weighscale

Weighscale
\Weighscale

Weighscale
Instruction)
Weighscale

(Work Orcer)

(History Card) ~ \Meighscals

Weighscale

\Weighscale

(Log Book)

164

(Calibration



165

14

fiaim il

51 Workshop
5.2

6.1
6.1.1
6.1.2

6.1.3



6.2

6.1.4

6.1.5

6.2.1
6.2.2

6.2.3

6.2.4

6.2.5

70

Electronics

(Calibration Plan)

Workshop

24°C

166



WORK INSTRUCTION 3

(Calibration Instruction)

Level Transmitter

Level Transmitter

2. Level Transmitter

31 8 bar

3.2 Digital Multimeter

33

34 (Pneumatic tube)

35 24 V.AC
3.6 9

3.7 Field pressure Calibrator

3.8 (Flange) Level Transmitter
39

3.10 (Calibration Log Sheet)
311 ( )
3.12

Level Transmit-
ter

51

52 24 V. Power Supply Transmitter



53 Level Transmitter
54 Pressure input Calibrator Output
Calibrator
55 Digital Multimeter Signal output Level Transmitter
5.6 Calibrator Calibrator
- 0 % 4 mA
_ 25 0% “ “ g «
_ 50 % “ “ 12 «
_ 75 % “ “ 16 «
_ 100% “ “ 20 «
5.7 75%, 50%, 25% 0%
5.8
Transmitter
5.9 Calibration Log Sheet
Zero Span 5.6 58
510 “
Transmitter
6.1 4 7

1.2

168
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WCRK INSTRUCTICN 4

(Cdlibration Instruction)

RTDIThermocouple
RTDITrermocouple
21 RTD/Thermocouple
31 220 V.

3.2 Digital Multimeter
3.3
34 (Dry Box Temperature Calibrator)

35 (Calibration Log Sheet)

3.6

3.7 ( )
3.8

3.9 RTD/Thermocouple

RTD/Thermo-

couple ) 1

51

5.2 Power supply Temperature Calibrator

5.3 RTD/Thermocouple Insert Hole Calibrator
54 RTD/Thermocouple imput Calibrator
55 C /7 F switch

5.6 Temp.Set Display



110

5.7 Selector Smitch ~ Read " 1 RTDThermocouple  Display
|
5.8 5.6

%,  100% 5.7
5.9 Calibration Log Sheet

' RTD/Thermocouple
5.10
element RTD/Thermocouple

“ ” RTD/Thermocouple

LV 1" 71T 3
fI3DUA
6.1 4 71

11
1.2



mn

WORK INSTRUCTION 5

(Calibration Instruction)

Pressure Transmitter
} .
Pressure  Transmitter
21 Pressure Transmitter
31 ber Pressure Regulator Range 0-10 bar
3.2 Digital Multirmeter
33
34 (Pneumatic tube)
35 24 VAC
36 9
3.7 Reld pressure Calibrator, Range 0-8 bar
3.8 (Standard gauge) Range 0-20 bar
39 (Calibration Log Sheet)
3.10 ( )
311
3.12
Pressure
Transmitter '
51
5.2 20VAC. Power Supply  Transmitter
5.3 Pressure It~ Calibrator Pressure Qutput ~ Calibrator

Pressure It Transmitter



5.4 Digital Muitimeter  Signal output

Transmitter

55 Transmitter FHeld Pressure  Calibrator
0 % 4 A
25 % “ 8§ A
50 % 2 m
75 % 6 A
100 % K 20 m
56 5%, 50%, 5%, (%
5.7 Calibration Lo Sheet
Transmitter
58
Zero Span 5.5 5.1
5.9 [13
X ' Transmitter
4 7
1.

1.2

112
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WORK INSTRUCTION 6

(Calibration Instruction)

Differential Pressure Transmitter (D/P Transmitter)

D/P  Transmitter

2.1 D/P Transmitter

31 8 bar Pressure Regulator Range 0-10 bar
3.2 Digital Multimeter
3.3
3.4 (Pneumatic tuble)
3.5 24 V.AC.
3.6 9
3.7 Field Pressure Calibrator, Range 0-8 bar
3.8 (Standard Gauge) Range 0-20 bar
3.9 (Calibration Log Sheet)
3.10 ( )
3.11
3.12

Pressure

Transmitter

51
5.2 24 V.AC. Power Supply Transmitter
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5.3 Pressure input Calibrator Pressure Output Calibrator
High Transmitter (standard
Gauge)
5.4 Digital Multimeter Signal output Transmitter
5.5 Low Side Transmitter
5.6 Transmitter Field Pressure Calibrator
- 0% 4 mA
- 25 % 8 mA
- 50 % 12 mA
- 75 % 16 mA
- 100 % 20 mA
5.7 75%, 50%, 25%, 0%
5.8 Calibration Log Sheet
Transmitter
5.8
Zero Span 5.5 5.7
5.9
Zero Span 5.6 5.8
5.10 “
" Transmitter
6.1 4 7
7.1 7

7.2



15

WORK INSTRLJCTION 7

(Calibration Instruction)
(Flowmeter) Positive Displacement
Flowmeter
2.1 Flowmeter
31 220 V.
3.2 Flow Counter
3.3 9
3.4 ! ' 4 bar
3.5 Flowmeter
3.6 200
50 100 150 200
3.7
3.8
3.9 Calibration Log Sheet
3.10
Flowmeter
51
52 24V Power Supply Flowmeter
5.3 Flowmeter inlet outlet
5.4 Signal input Flow Counter Signal output Flowmeter



5.5

5.6

5.7

5.8

6.1

7.1

7.2

50

Flowmeter
, 100 , 150 200

55

Flowmeter

3
Positive Displacement
3

1 (Nutating Disk)
2. (Oscillating Piston)

3. (Oval Gear)

176



WORK

(Calibration Instruction)

(Controller)

Controller

2.1 Controller

31 220 V.
3.2 Digital Multimeter

3.3
3.4 Probe

3.5 Signal Simulator 4-20 mA.
3.6 9

3.7 Calibration Log Sheet

INSTRUCTION 8

3.8

3.9 ( )

3.10

5.1

5.2 220 V. Power Supply Controller

5.3 Digital Multmeter Signal output Controller

5.4 Signal Simulator Signal input Controller

5.5 Signal Simulator 4 mA, 8mA, 12 mA, 16 mA

Controller

1

Controller

20 mA



178

5.6 20 mA, 16 mA, 12 mA, 8 mA. 4 mA.
- - Controller
5.7 5.5 5.6 Calibration Log Sheet
5.8
0 Zero span Controller
5.9 Signal Input Controller
Controller
5.10 Signal Input Controller
Signal Output Controller Output 25%, 50%, 75%, 100%
Digital Multimeter
511 75%, 50%, 25%, 0%
512
5.13 0 Zero span
( Zero Span Adjustment Signal
Output Signal Input)
5.14 Calibration Log Sheet
Controller
6.1 3 7
7.1

7.2



WORK INSTRUCTION 9

(Calibration Instruction)

(Recorder)
Recorder

2. Recorder

gunsnifly

31 220 V.

3.2

3.3 Signal Simulator 4-20 mA.

3.4 9

3.5 Calibration Log Sheet

3.6

3.7 ( )

3.8

5.1

5.2 220 V. Power Supply Recorder

5.3 Signal Simulator 4 mA, 8 mA, 12 mA, 16 mA

Recorder

5.4 Signal Simulator 4 mA, 8mA 12 mA, 16 mA

Recorder

119

Recorder

20 mA

20 mA.

55 Signal Simulator 16 mA, 12 mA, 8 mA, 4 mA.



5.6

5.7

5.8

6.1

7.1

7.2

Recorder

5.4

54 5.5

5.5

Zero

5.7

Recorder

Calibration Log Sheet

Span

180



WORK INSTRUCTION 10

(Calibration Instruction)

(Electronic Weighscale)

i
Electronic Weighscale
21 Electronic Weighscale
31 220 V.
3.2

3.3 Digital Multimeter

34 (Calibrated Weigh)
35 9
3.6
3.7 ( )
3.8
tiufinnaly
Electronic

Weighscale

3
5.1
5.2 220 V. Power Supply Electronic Weighscale
5.3 Reset Display 0
54 25

50%, 75% 100%

5.5 75%, 50%, 25% 0%



5.6

5.7 5.4
Adjust

5.8

6.1 2

7.1

7.2

5.4 5.5

5.5
54, 55 5.6

182

Calibration Log Sheet

Weigh
Weigh Adjust



9004

10
11
11.2

11.7

13

14

15
16

16.2
17

17.3
18
19
20

22

9001

4.17 -

43 o

4.4 -

46 o

49 -
49 -

412 -

4.10 -

411~

413

4.14 -

415~

419«

45 o

416

418«

4.20 -
47 -

9002
41
42 -
416

43 o

45
48 o
48 o

411-

49 o

410~

412«

413«

414 «

44 -
415«
417 ©

418
46 -

183

9003
41 0
4.2

44 ©

4.7

4.5

4.6

4.8

4.9

4.3
410 ©
4110

412



7

. 9001
. 9002

. 9001

. 9004

. 9002
. 9001

. 9003
. 9002

. 9003



1. Mil =
11 (Temperature Units and Temperature Scales)
(Celcius) (Kelvin)
(Fahrenheit)
Anders
Celcius (1701-1744)
' 0
100
Deniel
Grabriel Fahrenheit (1688-1736)
0
98 100
12
1851
(zero absolute temperature) ideal
( )

(The Systeme International d'Unites) !
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1.2
A —A -130 315c
[-200  600'F]
(thermometer)
A — —»A -185  540°C
Filled Themdl —>A [-300  1000°F]
(Filled Therel)
A —» Binetal A INVAR-Ni+He+Cr.  -60 425°
[-30  800°F]
A ' > ->» A -tye B 600 - +1,700°c
- type 0- +1,600'c
- tye R 0 ~+1,600'C
~tpe K -200 - +1,200°C
~tpe E -200 - + 800°
- type J -200 ~+ 800°
~tpe T -200 - + 350°C
A —» RTD -» A ' Pt -258 - 900°C
L -150 - 300°c
-200 - 120°c

A N A - 30 - 300°%
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- N > . >700'c
Crayon A —» -» 37 150'c
1f — 100  300"c
2.
21 (Thermocouples)
ANSI 7
24
25
7
0 . . .
1400 - 1800°C platinum - 40% rhodium  platinum - 20%
rhodium 1
B B (
)

iridiumrhodium, platinel, mickel-chronium, nickel-

molybdenum tungsten-rhenium



23

B platinum-30% rhodium

E nickel - 10% rhromium

J iron

K nickel-10% chromium

R platinum-1 3% rhodium

platinum-10% rhodium

T copper
* constantan 45% nickel -
ok

8 AWG (3.25

ANSI

platinum-6% rhodium
constantan™*

constantan

nickel-5% aluminum or silicon
platinum

platinum

constantan

55% copper

) B, R

188

1700
870
760

1260

1480

1480
370

24 (0.51



24

oxidising inert
Reducing
oxidising inert
-250 C

Reducing

1760°c

870 C

oxidising, reducing, inert

760 C

540°c
-200 C
E
oxidising inet  1260°c
540 C
-250°c
E
B
B
ol ' -250 C

oxidising, reducing inert

370 C

189
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2. firmerHU

1. (Pressure and Its Measuring )

(Variable)
(process measurement)
- flow
(static head)
- (filled thermal)
F A P
P=F/A ... =
(liquids), (solids)
(. nits)
(newton) 1N =1kg -"-
1
=1 ( Pa)
lPa=1
Blaise Passcal
‘bar’ 1 ' (Pascal Bar )

1 bar =100,000 Pa =10 Pa ..... *



1 bar

11

1 kg/cm

1 atm

1 psi

1 2

1 2
1inHg

19

1 kg/cm2 'bar'

(technical atmosphere)
0.981 bar
vil (physical atmospher)
1.01325 bar

0.068947  bar

0.09806 bar
0.00254 bar

= 0.034531 bar

=760 g 0°c =

9.80665 /
1 mm o',
=13.5951 g/cm2
9.80665 mv 2

1 g/cm2 =
9.80665 /

(Pressure of Gases)
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m kg
\ /
1 3
P =1/3 nmv
3
1.2 (Pressure of Liquids)
(incompressible) (compressible)
(static head)
(head)
P bar
P kg/m
m
g m/ 2
P=hpg
13.6

P =Pl-p2 =Hpg

(manometer)



1.3 (Types of Pressure)

(reference)

- (Absolute pressure)

- (Gauge pressure)
- (Differential pressure)

193

- (Vacuum)
1.4 (Absolute Pressure)
(absolute vacuum)
‘abs’ “a” bards Psia kg/cm2as
(bailer)
1.5 (Gauge Pressure)
(Zero reference)
(mean sea level) 1.01325 bards

5%
g G barg, kg/cm2G

1.01 325 bar 14.696 Psi

pdS = Fg + Atmospher

1.6 (Differential Pressure)

Psig



1%

d kg/cm2D

Psid bard AP

(strainer)

1.7 Vacuum

(Zero Absolute) Vacuum (negative
pressure) mmHy, inHy,
m 20, A Vao 758 mmHj\&
758 mmHy

vacuum 4

(medium) 25 mmH\ME 736 mmH\e
(mediumhigh)y 1 10 3 o,

(high) 10 3 10 Ttomr

(ultrahigh) 10 7tor

Vacuum tor "1 tor 1 mmHy'

“torricelli”
1 760 mmHy

2. (Pressure Measuring Instrument)

(manometer) (Bourdon tube)t (bellow)

2.1 (Manometer)



19

(oravity
balance)
( -tube Manometer)
2 (2 liquies type Manometer)
(Singh Tube Manometer)
(Incliced Manomater)
(Ring Balanced)
m a (Advantages)
1 12 .2 1 bar,
vacuum
2 (accuracy) (Sensitivity)
3 (dlensity)
4. ]
. . (Disadvantages)
1 (over range)
2
3
4,
3. AN
Otto Von Guericke (1602-1686)
Guericke
10
1846 Schinz

1848 Eugene Bourdon
1 Y1 1850 Schaffer



9%

6,800 bar 100,000 Psig

(oval)

(stress)

3 C (spiral)
(helix)

AIMDYyIno:

mf iR

YUAUANDRIIDY

J

v - 4 -
\ Uniosiuninanun 1

AWAINTILAY

yananmuoUiund o veaniuae Ty

AURDYTAD HNIAUYARB AN I

- 4 - v '
yaganmusnliuyuvesniuae

Aunpasmanila

___— anynfuafmiveom Iz Uy

———— i wsulusz AR

14

1%
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3.2 (Bourdon tube)
1
2
3 (range) 15 Psig 100,000
Psig
4
o)
L
2
Mechanical Movement
3 15Psig 1
bar 100,000 Psig 6800 bar
15 Psig low spring gradient
C 1-6800 bar £ 05 - %
6800 bar t 05%

14-5330 bar (200-80,000 Psig)

3.3 ! (Bourdon tube)

4130 0316 403 - K-monel | Ni-Span C
fluid , ,
fluid
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flud
flud , !
(chemical seal)
C 1-6800 bar + 0.5 - 5%
6800 bar + 0.5%
14-5330 bar (200-80,000 Psig)
3.3 ' (Bourdon tube)
, 4130 , 316~ 403 , Kmonel  Ni-Span C
fluid : ,
fluid
flud
flud ;
(chemical seal)
3.8 (Level Measurement)
(dlipsticks)
1. (Classification of Methods)

(direct)



(inferential)

x (force and pressure)
* (resistance, conductance &capacitance)
* (Ultrasonic)
* (radiation)
2,
(glass gauge)
2.1 (Glass Gauce)
(drum) (bailer)
3 (tubular glass), (flat glass),

(muttiport)



3. aanm? aait

1 (flat)

2. displacer (buoyancy on displacer)

(float type meter)t

(calibrate)

4. Displacer

(bougancy™

« «

()

(Differential Pressure Method)

_p = h.SGm



P *
h = —
SGn
6. (Capacitance Type)
(electrode)
(capacitor)
plate
dielectric constant
plate
_ A
T
C N
9L V
A plate
d plate
£ dielectric constant
AS
v.m.
£ 1
A d
£
£ £ £
£
25 £

80



strip)

Constant)

Probe

Probe

(Flexible)

sleeve
linear

(probe)

12
, Hoppers

ngd  sleeve probe
probe
(Resistance Sensor)

(short) (Conducting base

(Conductance Sensor)

(% )

probe

(Ultrasonic type)

20 K+

(Elastic



(dB)
1 =10 |(1:] -
0
i
I
0
10
P = 10 logl0 -
P
P
PO
(Echo)
ra =
1 0.

60

/

2

(sound pressure)

(dB)
[ 2

(reference® 1000+

dyne/ 2
2 X10 4dyne/ 2

(Neuclear Radiation Type)

..1950



o "1 3.7xL0 ° disintegration

) v ' o (103 )
(radioactive material) ’ 3
i}
halflife ( )
1400 137
60 1 1000
2 137 137
11.5 1 halflife 137 33
3 60
60 0.88 1 halfiife 60
millirentgen
millircentgen
= 1000 '
d
MRHR
M
d zm 1 --
K 13
137 06
60 20
347

137



205

(lead) 2
3.48
1.3 0.5
2.0 roentgen
( ) 50%
3.48
11. (Infared Technique)
(L
Q)
)
'
[
(reliability)
113 0.5
2.0 milliroentgen
( ) 50%
3.48
11. (Infared Technique)
L)

Q)



(P)
[
(reliability)
4. ( measurement)
Flow ( )
flow (control valve)
Damper fluid flow
flow (velocity)
(magnetic flow meter), , Vortex, !
flow -
, fluid
Positive Displacement
1. (Nature of fluids)
(viscosity), (density),
(compressibility), , , Reynolds' number
11 (Temperature)
, , Compressibility ,
fluid
fluid flow
(volumetric flow) (temperature base) 60 F 520 R

206

flow



207

1.2 (Pressure)
(pressure base) 14.7 Psia
Air Flow 15 SCFM (standard cubic feet
per minute) Air Flow 15 60 F
14.7 Psia 60 r 14.7 Psia
1.3 (Viscosity)
(orifice) SSuU 60 cm3,
redwood 50 cm3
32
= Shear. Stress kg
Velocity, gradient m
1.4 Reynold Number
Osborne Reynolds
Reynolds

fluid

- fluid

Rq Reynolds Number

fluid



Rq

Rq

1.5 Laminar flow

fluid

flow
Laminar flow Rangeability
flow
Laminar
(Linear)

Turbulent

Laminar flow

Rg o 2100 Laminar

1.6 Turbulent

Reynold Number Rq Rq

(
(incompressible)

flow

(Dimensionless)

Turbulent

flow

Rengeabiiity 100:1

flow

Rg 2100 4000

Turbulent

4000

Turbulent flow

(volumetric flow)

Turbulent flow

208

fluid

Laminar
flow Turbulent

Rangeability 5:1

Reynold Number

(critical zone)

Turbulent

(mass flow)



d & o
2. 1A329303@ Flow

2.1 Flow
Pressure head elevation head
2.2 Flow
(pulse)
(pluse)
Q =Kn.
Q=C._

2 (chamber)

Bernoulli

Positive Displacement

Positive Displacement

flow

flow

(total intograted)
Pulse
(flow rate)
T /
pulse

Positive Displacement

(oscillating piston)

209

steady (
Velocity head,
1 T
(oval)



(Slip)

0.4 cp

60cp

flow

(Oscillating Piston)

(Oval)

0.5%

1 cp, light oil

(pressure  loss)

(oval) 2

(inlet)

1%

3 cp

5%

210

Pluse

13%



25
/ *
«C - ) EL, TF, PH, TH
5-7 29
0100

. 258-0320, 259-9160
FAX. 258-6440

EL, TF, PH, FF, DM, TH, OP

- 10210
. 531-1955 (X-1320)
FAX. 531-1913
OP  (Electronics
Optic) OP (Fiber Optics)
. 534-4252
EL, TF
!
. 581-2001 (X-271-274)
FAX. 581 -2025
TH, RD
196 . 10900
. 579-1 121 -30
FAX. 579-8592
RD

. 579-5230
FAX. 561-3013



/
Hewlett-Packard (Thailand) EL

140 10110
. 254-6720
). 254-6781
PH
(579-4581)
50

.579-1576,561-4621 -2
FAX. 561-4621

DIMENSIONAL
(SURFACES)
1. LENGTH
DM 2. FLATNESS
. ANGLE

3

4. ROUGHNESS
5. ROUNDNESS
6

DIAMETER

PHYSICAL
(WEIGHT/MEASURES)
MASS

VOLUME

DENSITY
PRESSURE

PH

VACUUM
HYDROMETRY

N o M w N

LEAKAGE



TIME AND FREQUENCY
(RADIOMETRY)
. TIME INTERVAL
FREQUENCY
RF VOLTAGE
RF/MICROWAVE POWER
RF/MICROWAVE ATTENUATION
STANDING WAVE RATIO
RF IMPEDANCE
RISE TIME

© N o g M w N

ELECTRICAL

DC VOLTAGE/CURRENT
RESISTANCE

AC VOLTAGE/CURRENT
HIGH VOLTAGE/CURRENT
POWER

ENERGY

CAPACITANCE
INDUCTANCE

© ©® N o g A w N B

MAGNETIC FLUX/DENSTRY
10. MAGNETIC MOMENT

11. MAGNETIC TESTING

12. DIELECTRICS

TEMPERATURE

TEMPERATURE REFERENCE
TEMPERATURE SOURCE
TEMPERATURE STANDARDS
HUMIDITY

A 0w p



OP

AC

FF

CH

OPTICAL

(SELECTRONIC OPTICS/PHOTOMETRY)
. LUMINOUS INTENSITY

LUUMINANCE

LUMINANCE/FLUX

IRRADIANCE

COLOR COORDINATES

TRANSMITANCE

REFLECTANCE

FIBER OPTICS

LASER

© ©® N o g A W DN

ACOUSTICS
(SOUND/NOISE)
. MICROPHONE SENSITIVITY
2. SOUND PRESSURE LEVEL
3. ACCELEROMETER SENSITIVITY
4. VIBRATION LEVEL

FORCE AND FLUID FLOW
(LIQUID-GAS FLOW/VELOCITY)
1. FORCE

2. FLOW RATE

3. VELOCITY

CHEMICAL

(CHEMICAL ANALYSIS)

1 WET CHEMISTRY

2. GRAVIMETRY

3. TITRIMETRY

4. CHROMATOGRAPHY (GC/HPLC)



MT

ND

RD

MATERIALS
(MATERIAL/PRODUCT TESTING)
. HARDNESS
2. CHARPY IMPACI ENERGY
3. MOLECULAR SPECTROSCOPY
4. X RAY SPECTROMETRY
5. ELECTRO CHEMISTRY
6. ATOMIC SPECTROSCOPY/STRENGTH
8. FRACTURE/IOUGHNESS

NON-DESTRUCTIVE TESTING

1. ULTRASONIC TRANSDUCER
2. X-RAY FILM/STEP TABLETS
3. ULTRASONIC REFERENCE BLOCKS

RADIATION

(IONIZING RADIATION)
1. EXPOSURE (X-RAY)
2. RADIOACTIVITY



21 . . 2500

2524
. 2534
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