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Table 11.25 Tolerance of pumps

~ Tolerance (%)

Pump type . _  Fluctuation of head is  Fluctuation of head is
' relatively small. relatively large.
Volute pump | High head Q 15 20
Olule pump Mcdium, low head . 10 15
Mixed flow pump ) 15 20

Axial flow pump 20 25
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Flgure 11.44 Difiference of axial power by actual head power
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Figure 11.45 Change of pump performance by rotational speed
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Figure 11.46 Parallel operation chara'cteristlcs of pump
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Table 11.26 _Ilkuminatlon Standard

Humination [Ix]

Place Operation
3000 . .
Instrument panel and control panel in controt room, ete.  Exceedingly fine visual operation in manufacture of precision
machines and electronic parts, printing factory, etc., such as
2,000 o assembly 4, ¢ inspection a, o test a, o selection a, o design,
o drawing.
1,500 -
Design and drawing rooms Fine visual operation in selection and inspection in textile
mills, lypesetling and proofreading in printing factory,
1,000 analysis, etc. in chemical industry, such as o assembly b, o
inspection b, e test b, « selection b.
750 — '
Control room Ordinary visual operation in general manufacturing
processes, etc., such as o assembly ¢, ¢ inspection ¢, o test
500 ¢, o selection ¢, = packing a, o desk work in warchouses.
3m | . e . £y : » Y »
Electricity room and air conditioning machine room  Rough visual operation such as o packing a, » wrapping b, o
260 restricted operation
150 = T ;
Entrance/exit, corridor, passage, warchouses Very rough visual operation such as o wrapping ¢, °
100 involving operation, staircases, favatorics packing b, o restricted operation
5 —
Indoor emergency staircases, warehouses, outdoor Operation such as o loading, unloading, load transfer, etc.
5 power equipment
30 —
Qutdoor (for passage and safety guard within
2 compound)
10 —
{Remarks)

1. Similar operations are divided into the following three according to the object to view

and nature of the operation:

(1) a'in the above table indicates fine, dark colored, weak-conirasted, speciaily expen-
sive, hygiene- related ones and ‘when high prcc:smn is required or when long

~ working hours are required, ¢tc.

{2} bin the above table indicates an intermediate between (1) and (3).

(3 cin the above table indicates coarse, llght -colored, strong-contrasted, robust, not

. 30 expcnswe Ones.

2. For dangerous operation, double above shall be required.

3. For places for operatlon marked o, ihis illummauon may be obained by local lighting,
It is desirable that illumination for general lighting in this casc is more than 1/10 of

illumination by local lighting,
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Table 11.27 Comparison of loss by wiring system

Wiring

system

Connection Loss calculation Loss ratio

Single
phase

system

[ T S 100%

nhtence per unit
Icngl.h of cableR (i)

: @ﬁﬁj P=EI X107 [kVA]
1] P 2
two wire  aEm ™™ LossW=12x2LR, =(“g>"103) X2LRy = ZPELR‘ x10%[w)

Single
phase
three
wire
system

| %‘ E:Elx10_3[kVA]
| . _

P ,,Rl

: 2
W =21°LR, =(—-x103] X 2LR; =——=L x10% [W]
2E 2E2

Three
phase
three
wire
system

! L 50%
NG E:Ex—Lxlo“3[kVA]

V3

3 2 i
W =31"LR, = (PXIOJ 3LR1=P]§“2R'><106[W]

Three
phase
- four
wire
system

: 16.7%
gz EIx 107 (kW]

]
i-‘
=

&

2
3
PX1071 1R, = LR*xw [W]
3E2

W =31°LR, = 3[

_NOTE: Each cable size is same..

(8) MEEHEICRED

(3% L B8 R EOTOR IS B 5AKOE T & THEN, MBTHE I ADYLS
ABAOT, BAER SN v <10 BIELS, BILEGS 2 L0, H=5n
¥~ DIDIKYTH D,

itz%%ﬂﬁmm,amgﬁmmuin%ﬁ&wt%X5&gf%5o

O BEOHHRE BT 5

CETVWSRALE, RER, 3 v I RURMEICONT T B,

TmmHJ8@§%%®%&@1%E%LE%@%%5Om§ﬁ®v4x
BAE BRIt BBROBUINEWIR L, BREROREEMO2DIC
mﬁ%ﬁxwﬁﬁ;woLmb,:nmﬁ&%LTE%,M%ﬁﬁMwa<@f,
) e
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Table 11. 20 %08 Table 11. 3013 &85 7 OB L RS T LIS O TH
5o

Table 11.28 Example of stabillzer ¢haracteristlc (for 400W mercury lamp)

Non-dimming type Di_mining type

General

Low pow;er .High power Constant Constant
factor type. factor type  power type power type : type
Input voltage (V) 200 200 200 200 200
Voltage tap (V) 200, 220 200, 220 200 200 200, 220
Input. Normal Dimmed Normal Dimmed
current .
(A When 5.7 4.0 2.3 .23 — .~ 3.8 —_—
starting '
"When 3.3 2.3 2.3 2.3 1.3 24 1.3
stabilized
Input power (W) 425 425 435 435 255 - 432 255
Power factor (%) 64 90 95 95 = 95 90 95
Weight (kg) 4.6 5.2 10.0 13.5 7.0
Volume ratio (%) 100 160 270 340 220
Price ratio (%) 100 150 240 310 1-260.
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Table 11.29 Special features and applications of various lamps

Main performance of standard quality

Scope Color Color
Class of lamps Special features of size . . Applications
) Elficiency ternpera- rendering Life
(lm/w) ture index
4] (Ra)
Incandescent famp  « Stable light color Several W Residence, store, oflice
N . . : 100 W
® Possible to light as-is. =~
# Instantancous lighting  Several kKW
high fuminance : 15 2,850 100 _ 1,000
- s 0 " e tﬂ
Tungsten halogen Smallsme,h high efficiency Scveral 10 For general use 500 W l_or ﬂoodlam!}, f(.rra.u mo-
lamp and long life lamp W~ ) biles, for projection, for
Several kW photegraphy, for cojring
: 21 3,000 100 2,000 machine, studio
Fluorescent lamp + High .eiﬁucmy and 4.220W White 40 W Residence, office, store
long iife .
s A wide variely of light colors
« Little glare - az " 4,500 69 10,000
Mercury lamp ligh efficiency, long life, 40 - 2 kW ' ) For floodlarmp (bascball
. s 400 W
- high lumihance famp : ground, golf course)
51 5,800 23 12,000
Fluorescent Mercury lamp with 40 ~ 1 KW Roads, factory, street
! 400W L o
mercury lamp luster improved lighting, arcade lighting
56 4,100 44 12,000
Choreless mercury  Mercury lamp requiring 160, 250, For works, stores
- 500 W
lamp no stabilizer 500 W '
27 3,000 42 6,000
Halide lamp Higher efficicncy and 250 ~ 1 kW A0 W Gymnasium, factory,
Iust}'ous lamp than . shopping street, open
mercury lamp space, park
80 4,500 65 9,000
Iiigh lustrous . High lustrous, high 250 ~ 400 W 00w Gymnasium, lobby, hall
halide lamp turmninous lamp
50 5,000 92 6,000
Low pressure Highést efficiency, 35-180 W 180 W Tunnel, high-way, switch-
sodium lamp yellow, luminous lamp - yard
75 -— — 5,000
High pressure Highest efficiency, 150 ~ Gymnasium, high-celling
sodium lamp luminous amp for 1,000 W factory, warchouse, roads,
general lighting - - open space
120 2,100 29 12,000

Note: Efficiency of fluorescent and mercury lamps
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Table 11.30 Selection of lamps from standpoint of typical applications .

Class of lamps

Incandescent  Fluorescent

famp -

lamp

Mercury
lamp

Halide
lamp

Sodium

lamp

Xenon lamp

Residence

General office

Cffice .

High-cciling office,
lobby

Single room, drawing
room

General stores

Store

High-ceiting stores

Exhibits, showcase

Low-ceiling factory

Factory

High-ceiling factory

Warehouse

School

Ciass room

Hospital

Operating room

- Spectatoy’s seats

Theater, hal

Stage

Art museum,

Genceral

muscunm

Exhibits

Automobiles exclusive

roads

Automabiles exclusive
tunnel

Roads

Streets

Shopping streets

Roads in resident area

Indoor

Parking zone

Qutdoor

Open space,

park, garden

Structure

Floodlight lighting

Advertisement,
signboards

Indcor

Sporis

Outdoor

OOOO_ODDOOD—XX@@@@OD’ODD@O@OOD@GeneraUamn.
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><OO><DX-X_xD><><><@@OO@OD—DO@O@QD_Dogggﬁgmdemg

XOOXX'><'O-><@XXXDDOD:D|>O@OO@OXIOIOXH;ghOngum,W
DDDDDDXDXDDDXXXXXXD X_XXXX_X %X x'm?pmentmmw
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IO RHIRIRE, MO KA YIC L » Cil 5T Do Table 11, 31 RMIFE
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Table 11.31 Example of utllization factor

Celing .~ 80% ' : 50%

Wall 60% 30% 10% 60% 30% 10%
Floor qox 208 108 0% 208 105 do% 208 106 0% 20%  10% 40% 0% 106 do%  20%  10%
g::icg Utikization factor

0.60 4> 42 40 31 30 30 26 2 2 41 32 38 3¢ 29 29 25 25 .25
08 56 .51 49 41 0 39 -38 3 34, .33 51 48 47 39 38 37 34 33 .33
1.00 63 57 55 47 45 44 41 - 40 35 57 .53 52 45 44 43 40 39 .38
1.25 J1 683 60 55 .52 50 .48 46 - 45 64 59 67T 52 50 49 48 45 4
1.50 76 66 64 61 56 54 54 .51 - 50 .68 63 61 57 54 53 52 50 .49
2.00 85 % 70 71 65 62 .64 59 57 76 70 67 H6 62 B0 60 58 .56
2.50 9 7% 74 78 70, 66 71 65 62 .80 73 70 71 67 65 66 63 .61
3.00 9 82 76 83 74 70 7T 69 66 .84 76 73 %6 70 68 71 67 65
400 101 B8 8O0 O 79 75 8 6 71 88 B8O 77 28 I 72 38 2 0N
500 103 88 8 9 38 77 9 9 I8 91 8 9 88 /8 I8 8 76 .71
1000 112 93 86 108 80 .84 105 89 82 47 87 83 94 85 8 92 84 .80

Light outpu['ra'tio: 83% Light source: FL 40 SW 3,400 lin Fluorescent lamp reflector used

WXL . : ’
LA N . ............................................................(3)
H(W+L)

R1=
Coe, Wi RoMa (m)
LiRBORG(m)
H ; (R8T & DA RS (m )
BRI P A AL 7 By % U B R RO RO 1
FE, R RSO E VIE S EEL 1B,
© BEROME |
RFHR LU, EAHORR L RIZBAOTNEIC L) WRESETT 288
FFMULARFECTHS, . |
G TRARE L BEDICE, ETHIC, RN BADEOE T
DIRCBRERATHIETHY, BT, BAORMERE 5 ¥ 7 OB
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Figure 11.48 Lumen malntenance characteristic of various tight sources
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Figure 11.49 Lowered lumen when dirt accumulated on lamp and
Highting equipment
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Table 11.32 Type and Main Applications of Electric Heating Systems

‘System for converting
clectric encrgy to heat

Heating = Main applications and examples of units
method . .
Conversion Heating
system system
Ulilization of Resistance  Indirect resistance heating Various types of heat treatment furnaces using resistance
Joule heat heating (50/50 Hz) heating means, sintering furnace, diffusion furnace, bra.:mg

and
arc heat

furnace, salt bath furnace, .md ﬂuld bed heating

Direct resistance heating
{50/60 Hz) (DC)

* . Direcl energizing hearmg of meta[ graphlt:zmg furnacc glase.

meitmg furnace, and ESR furnace

Infrared ray

heating 0.76-2.5 m)

Proximate infrared ray heating

Baking of painted surface, drying, and molding and processing
of plastics

Remate infrared ray heating

@25-2.5 m)

Heating at 650°C or less, drying of painting, bi‘él_(ing, resin
hardening and processing, bread baking, heating, plant rearing

Arc heating
(50/60 Hz).

Arc heating

Steel making, dlssolutmn of fire res:stmg materials, and dissolu-
ton of vacuum arc_ <

Plasma arc heating

(BC)

-Disso]u_tion of heat résisiing steel, Ni alloy steel, high meiting

point metal and alloy, dissolution of high melting point com-
pound, production of single crystal, and high temperature
thermochemical processing of other materials

Utilization of
electromag-
netic induction

Surface High frequency induction
leather heating
heating (50/60 Hz - 450 kHz)

Dissolution of meta]. and alloy, heating for thermal processing,
hcat treatment of inetal, welding, and brazing

Low frequency induction heating

Dissolution of cast steel and h'e'ating of l_arg&sized_.stéei_'

Transverse flux healing

Heating of sheels such as non-ferrous metal and stainless stecl

Shortcircuit  For metal dissolution

Groove—shap«_a'c_i blast furnace and temperature rise of molten bath

heating —
For metal heating

Interference of metal pafts

Utilization of
high frequency
electric field

Induction heating (3 - 40 MHz)

Drying of lumber; drying and heat treatment of food, leathér,
textile, chemicals and synthetic regin, bonding of lumber, and
welding of synthetic resin.

Heat devel-
oped by the
impact of
elecironic
and ion flow

Electron beam heating

Evaporatlon of metal dissolution of high melting pmnt metal
and fine processing of metal

Ion and ion beam heating and processing

fon carburizing, heat treatment such as nitriding, surface coat
treatment, etching of semiconductor, implantation, and other
surface treatment

Glow discharge heating

Surface heat treatment o_f'me_téi and mietal heating

Utilization of
clectromag-
netic wave

Laser heating and processing {1 - 11mm)

Drilling processing of process-resistant material, welding, heat
treatment and cutting of metal matenal welding and processing
of clcctronic parts, efc. .

Microwave heating (915, 2,450 MHz)

Preparation (electronic oven), drying and thawing of food, heating
and vulcanizalien of rubbet, and sterilization of food and chemicals

Utilization of
clectric
mechanical
power

Heat pump  For household use

Air conditioning, hot water supply, and building air conditioning

system
For industrial use

Drying of food, luﬁlber and ieather; effective utilization of
exhaust heat, and others
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11.9 Heat pump

11.9.1 Heat pump system o ‘
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Figure 11.50 Configuration of heat pump system
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Figure 11.52 Heat-pump-type iocal alr conditioning system
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Figure 11.53 Flow-dl'agram of heat using a heat pump sysiem
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Table 11.33 Performance of heat pump

Latent heat recycling

I'ype of heat General-purpose heat pump heat pump Super-heat
pump : - pump
: ' Direct Indirect
Heat source - Air Air Waste Waste Waste Waste
- (sensible (sensible  heat, etc. heat heat heat, etc.
heat) heat) (latent (latent
heat) heat)
Application Air condi-  Air condi- Warming, Food, Food, Various
' tioning, tioning, hot water chemical meédicine, factories,
hot water = hot water supply, factory photos, local heat
supply, supply, drying, 'plating supply
etc, etc, heating factory
Heat media -Freon Freon Freon Water, etc.  Water, Non-
(R-22,R- (R-22,R- {(R22,R- hydrocar- - azerotropic
12, etc.) 12, etc.) 114, etc.) hon, . mixture
: freon, etc.
Applied 20~60°C 20-~60°C 60~ . 80~ 15 ~ 150 ~
temperature ' 110°C 120°C 185°C 300°C
COP About3  About4  About4- - About 10- About 2.5 About6-
- . B 20 -6 8
Compressors Rotary, Recipro- Recipro- Turbo, Turbo, Multi-
reciprocat-  cating, cating, roots, SCrew, stage
ing, screw,  screw, screw, screw, etc. reciprocat- turbo, etc.
turbe, ete.  turbo, etc.  turbo, etc. ing, etc.
~Characteristics For air conditioning For high  High ' High Under
use tempera- tempera- tempera- develop-
ture and ture, high  ture, high ment
heat efficiency, efficiency,
recovery  evapora- heat
tion sepa-  recovery,
ration, low-
concenfra-  temperature
tion. concentra-
tion, ete,
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Table 11.34 Application and Installation flelds

Technology

Application field

Air conditioning

Houses, buildings, housing complex (department store,
school, hospital, public facilities), factories, clean room, public
plantation, plant farming facility, etc.

Hot wa{er sup- .
ply

Pool, putlic bath, hotel, golf field, dyihg fac_tofy, ham factory,
broiler factory, road heating, snow melting, etc.

Heating, cooling

Wine production, plantatibn facility, fish breeding, dairy
farming, chemicals production, food, plating, etc.

Drying, humid-

ity adjustment

Wood, fish, vegetablés, fibers, gelatiné, printed matters, peat,

 sewage, rubber products coati_ng,_etc.-

Condensing,
- vaporization
- separation

Sacchara_ted l.iquid, milk, glycerine, amino acid, antibiotic
substance, agricultural chemicals, pulp, beat sugar, rayon
fiber liquid, various waste liquid, etc.

Heat recycline

- Organic solvent distillation, inorganic chemicals distillation,

ethanol distillation, propylene, propane distillation

AFETRCEASRS T ALDE — AV P Y AT AL, —BICBEE LTAVWSRD

ok (E B, 7y, Bt d) x2 (LPG, LNG) /¢ E@_fﬂﬁ#ﬂ:.}. h BRI

ERETBHOC, - bRV T UATLAEBALISAY » VEERCTHRDORE X A
YO ERET EAEEL ShTW D, |
FI IR, RECAERD = LRV Ty AT AR, HREY GARER, ARLE

YER) CERBH OKE#, MBEHEALE) Ov AT L LMAGbETREY AT -

MEFHE L LD, =3 AE - FNROAIEA—BED DR, A=V yrant,

vevsaa b ORH, BOE, BAR—AERE, WhHWD LG ATEEE 7

B, Fhe, =FAFFUBETO Y 5 b XHKERBRE LT, BREORETOM L2

SEEE b DY,

A — FOEL, BEMCHEND U4 7 b X% B o acs i

g, FIHECORBIRE T THAOHACh B,
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Figure 11.54 Heai utilizatlon temperature distribution by sector
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Table 11.35 Temperature level used by sector {%)

Temperature  Less than o o More than
Sector 100°C - 150°C - 183°C 183°C
Food, tabaco industry 2.5 62.3 16.6 18.6
Fiber industry . - 0.4 50.3 49.3 0
Wood, wooden product manufacturing 1.1 9.3 6.6 83.0
- Pulb paper processing industry 0 85.9 4.1 0
- Chemical industry ' 4.8 26.9 50.0 18.8
Rubber product manufacturing 0 26.3 53.4 20.4
Leather. product _ _ 0 100.0 0 0
Cera_m'ic and stone manufacturing 0 85.6 14.4 0
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Table 11.36 Heat pump system application and advantages of energy conservation effect

Tempera- Energy .
Applicd place Type  fure used CoP conservation Comments
(=) effect .
Drying and  Drying of peat VRC  130~180 4.5 About 75% 4-stage turbo; Water content 60%
concentra- : reduction — 10%, 3 = Udkg/cm?y
tion - :
Drying of gelatin C 30-40 - About 50% Quality: Water content 67% —» 13%
reduction . . :
Brying of laminated C 40~50 About 4 About 50% Improved controllability of capacity
processed paper : reduction .
Drying of golf balls C H40 .04 (2-55) About 50% . Quality
. - C1b R W1 reduction : o ’
Drying of fruits and VRC 100 About 56% Qualjty: Water content 90% — 12%
vegetables reduction : :
Drying of seaweed c 20-30 About 14% Quality: Salely
. reduction .
Calcination of beer malt C 65~ 4 About 58% Quality
reduction
Concentration of oil raw ~ YRC 100 15 About 93% Density: 10% — 50%
materials ) ) reduction = .
Concentration of puth YRC 100 21 About 90% Density: 8% - 40%
reduction (3EF;40%_ —» T0%)
Concentration of wheat VRC 100 T About 50% About:10% vapdrizcd
juice : reduction L . _
Concentration of waste VRC 100 20 Drensity: 3% — 35% { A
whisky 1.23kg/cm3~g__
Concentration of a amino  YRC 88~90 21-25 About 90% ) D.cnsity: 35%wE L 60%wt
acid . . L reduction .
Concentration of gelatin -~ VRC 60-70 19
Concentration of anti- IVRC 25-30 18 ’ Improveinenl of controllability and
biolic substance ) productivity
Concentration of coarse  IVRC 20 6 About 50% Density: 25% -)'.48%
phosphoric acid reduction
Concentration of sugar VRC 93 ‘21-26 About 66~75% Deﬁsily: 7% —» 48%
liguid reduction : .
Ethyl alcohol purifica- VRC 73~105 5.6 About 66%
Distillation  tion : reduction
Organic solvent VRC 100 - 15 About 90%
purtfication reduction
BTX puriﬁcation VRC 145 6 Demonstration plant
Preprocess before C 52 5 About 30% Closing, quality
Heating and coating reduction ’ :
cooling — - e _
Tofu production process C 0 Ice heat storage, quality
Eel brecding pond C 3 About 33% Use of nighltime powef ‘seﬁice i
heating : reduction . e
Dying hot water supply C 50 About 60% Productmn speed 4 umcs/day -
reduction 5 times/day
Hot water supply for C 65 4.8 About 56% ) Rcfrigerating waste heat recycling
broiler reduction o s

Note: VRC: Vapaur recompression, C: compress-type, IVRC: Indirect type Quahty qual-
1ty improvment,3EF: Mie-type can
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Figure 11.55 Comfort zone
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Table 11.37 Example of process alr conditioning

Classifica. Tempera- Rc!a.(i\.rc Clussifica- Tempera- Rela-tiw.'e
tion Process ture humidity tion Process ture humidity
C) %) ) (%)
Color Bronze plating room 24-27 45.50 food Manufacture of butter 16 60
printing Plate preparation 24 45-50 Coffee substitute 24.27 40-45
Printing room 24-27 4550 Milling — 60
- Macaroni 21-27 38
Printing Book binding 2124 45 Mayonnaise 24 40-50
Form 24.27 45-50 Mushroom prowing room 14.27 75
Printing room 24-27 45:50 -
Web press 24.27 50.55 Brewing Storage of grains 16 3540
Paper storage 20-23 5060 General manufacture 16-24 45.65
Photographic printing 21.23 4050 Aging room 18-22 5060
- Beer fermentation room 34 5070
Onplics . Melting room 24 - 45 Beer malthouse 10-15 80-85
Abrading room 27 30 -
- —— Confection- Chewing gum Cooling 22 50
Piywood Manufacture — 55.60 ery Drying 4960 50
Gluing —_ 55-60 Wrapping and storage 2124 45.60
Candy Manufacture . 18-27 35-50
Rubber Storage 14-24 . 40-50 Cooling = 2427 4045
: Cementing 27 2530 Product storage 16-24 45-55
Dipping 2427 2530 Dry fruits storage  10-13 50
Manufacture 32 — Chucolate Bar manufacture 18 4550
Sulfurization 26-28 2530 Center cream manufacture 24-29 50
— —— Nougats 18 50
Laboratory  Animal laboratory 24-27 40 Starch room  24.29 50
Central anélysis room 23 50 Wrapping 18 50
— Product storage 16-24 40.57
Photograph ~Manufacture of ordinary film 23.24 24-10 -
Piintir_lg 23-24 65-70 Fobacco Cigarclte Raw materizal storage 27 7578
Finished product storage 16-27 4550 Cutting 24-27 80
Developing 21-24- 60 Cut tobacco storage 27-29 6065
—— : Manufacturing room  21-27 5565
Bakery Base mixing 24-27 45-55 Wrapping roomy  27-29 50
Base fermentation 27 70-80 Truck removing room = 27 7075
Bread cooling ' 21 70-80 Sweating 49 80
Bread wrapping 1824 5065 :
Powder storage 21-27 50-60 Cotton Roving 25-24 50-55
Cake freezing 21-27 45.50 spinning Spinning 2124 5565
- _ : Drawing 2124 55
Precision Gear culling 2427 4555 Picker 21-24 4550
machinery  Precision parts 24 45-55 Roving 21-24 5060
- Precision assembly 2024 40-50 Warp spinning 24-27 50-85
‘Precision test room 24 45-50 Welt spinning 2427 5065
- Colton reel - 24-27 £0-70
Pharmacy Capsuling 24-27 25-40 Twister 2124 65
Colleid 21 3050 Woven textile 2427 7085
Deliquescent salt 27.32 15_—40 " Fabric storage 24-27 65-75
Gelatin capsule 26 40-50 -
Powder product 24-27 535 Jute Fabric conditioning room 24-27 90-95
‘Tablet forming 21.27 3540 spinning Spinning 24-27 60
" Tablet furbish coating 24-27 3540 Woven textile 26-27 80
Serum 23-26 45-50 Preparation 18-20 80
Powder material drying 2471 20 Roving and spinning 24.27 60
General pharmacy room 2127 10-50
- Match Manulacture 2227 4550
Electricity .~ Manufacture of thermostat 24 50-55 Storage 16 50
. Manufacture of insulating malerial 24 . 6570
Assernbly of electron (ubes 20 40
Cable insulation ~ 40 5
- Transformer coil winding

15-35

16-24
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Figure 11.56 Composition example of large scale alr conditioning system
{during cooling)

///ff!/

:@'—“' <= Outside ir in take
Blower ‘_J
IS IN
Duct ] Bachroom
= blowing port
A j ] :
Warmalr ) .. 4
r Return air duct
o Feed air dict
! .
: : Cool air
| W
Air conditioner Blower

Piping

Pu .
i Cooling water

(1) BEskE
mﬁiﬂiﬁlﬁ% {Air conditioner) iRAK (B J{—"{&jj( B0 Qgi;ﬁzx@;g) 4)(0,@ e

(FOBFEEL LTRAS T, TR, v Ry R ERED, B AT D BN
B &L TABHERD S, CGW@ﬁﬁ%%HEﬁE&LT%/7%IUﬁHﬁ AL
Bd%b.,
© s |
5@«@EEW%%$W%#KﬁLtﬁﬁ B ROWBIECT 5 RELE b, o
22 AP R RO BIL, #%ixﬂ WR, Ingh, Bﬂﬁfé ﬁ;ﬂfx&@%ﬁﬁﬁ:%faf%ﬁ@
BRI LTV 5, '
(3) Hikde

?&%?&m%®$ﬁ}%%ﬁ5%ﬁf%b KR, RS, Xrr, E‘L.”"’*ﬁ’sc’iﬁﬁf&&ﬁxfbfg%»#

?mb%,%ﬁﬁﬂ%fﬂ%éhh%ﬁm%mﬁfﬁy}&ﬁﬁLf%ﬁp;ﬁ&?éi
wEBRD, ¥ EFOED SRR BRI RO AT X o TRVA T e S~
E¥bna,

H—1I— 106.



@) R R |
MBI A BT BABLOT, WEHLA, BAnn, 1EE, £
| TERBD,
6 WEs, e, Rams
WY AT ARAR, B, WSS rob ORI CH 5,
PLEOBFEAT Ub JHE R IE SR B bl Tiiey . ZRIMEEO BB X o TR
l 2=y PRISo TOBHER, Ry r —SHRGRIEO L 52Tl 2,y ik
LTV BB DD 5. '

11.10.3 DL AF AOBETHRUIEE
m@miLWmﬁiéﬁﬁﬁ@ﬁK%&%ﬂ?ﬂ
Table 11,38 12 Figure 11. 57 CHET 5 MR DN L 1%, WO HBRAFIR Ui b o
T B, Te S HRARIA OMAEEIC 3 TR B AT, A £ AR
i @A LIS BRI RS h, RSB R AT E LTS 5 60T
B%, WEEEEHELCH > CIBHARS, BREEEEE I - TLAB AN, BHo

We kR B D, '

Figure 11.57 Type of heat load and Inflow sections (cooling)
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Figure 11.58 Ekamplé of air conditioning Idad in fa'ciory office {during cooling)

Load due to human body - 11%

Load due to sunlight 15%
Load due to outside air 15%
Load due to lighting 16%

Load due to heat transfer 43% | Total 17,045 kcal/h
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Table 11.39 ‘Number of times for natural ventiiation (n)

Class of room n
1 wall surface facing outside air and having window or door i
2 walls surface facing outside air and having window or door 1.5
3 walls surface facing outside air and having window or door 2
4 walls surface facing outside air and having window or door 2
Room without window facing the outside air or door 1/2-3/4
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Flgure 11.60 Air conditioning system when return alr is available
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Figure 11.61 Energles required for temperature and humidity changes

T .
- A e
'g 10} oo —40%RH
‘w 9 :
g 5 0%
Realpy 5 71 :
§ of--—-omT==== 1 - 60%
2 5t ;
4 |
1 i i Il i
21 27 - 23 24 25
z
k4
Koy, &
(haifny ?
4

Relative humidity

(N EHBEOREL | L _ .
BRAHET O B % 2P S\ RIS AR BT 5 & & B = 5 A L
B, WEPITRIRERIER WA L, REVLE 2B ADRMARN DL Figure 11,610

L3shTH B, o -

I—11—112



TR & TR A 23°C CIREE % 409% RH 27 560% RH (AR L 7484 #94. 2 Keal /b &
AREE /s 5 2%, TGRS0 RE TR R 21CH 625 C il L B4k, #0.7
vammﬁﬁﬁmam%wﬁ§f,mﬁﬁﬂﬁﬁﬁm$W¥~%ﬁ&Lrﬁm6%%%
MAE V. L LR DIBEEFS 35 & ABCRIRE L 527 ), BR 0 SEC S 5
ztoﬁémfﬁﬁﬁﬁﬁfﬁaa '

@) HHL o _

SIS e X 5 I BB R BT B I BV R A B T B VR TSR R X
HHERD B, WEOHNLBMELE v 7HHOBEN AR L v Borl¥ - L
%, | |

ﬁﬁ@%ﬂﬁ%&erﬁﬁmm&t;5k§4ﬂﬁ@¢&~ym@,%ﬁ@mﬁgﬁ
72 B IR I 2 > A DS B> T A DIRIC s 5, 5
HEN BRI THADED Lo HREEET 2 THSE, LK VVVEIK 5 TERE
R O EBERAIC ALY (1 5 hAR DA & L OTE PR fF OX g
THE I,

a. BHKEE AU _

BEROA Sy — v, ATy SONFTEGAALHE, 7 CHEERD OEH Y 1Y
730)%?\"&’%7‘\:?“ ﬂirﬁbiﬁg‘«\%ébi%%%&“/h AG 9 VOMNEROEL LD,
B TKETEARETH S, EORMKEOBHAE Tadle 11. 40 111RT
b. B | | | |
| %%%@ﬁﬁ%%m%ﬂihibx&ﬁ»$15v§,ﬁi%ﬁ%&b,Ch%ﬁﬁ
BHER L, BRI M T £ TR ¢ % b DWBBH AT B, 16 - TR
BT 5 2 ERBETH B,

c. HEXZ b _ _

%iﬁﬁ@t&m74wﬁ%%wrbé%%m%ﬁ%%#ﬁﬁﬁﬁﬁbn%5&?%
<7 A EDESE DINEARERNA S, BERED LCHRIESEET S ¢
b, WHEEGOBEWEFTO=7 a VREAOEFTERF 0T LR 1 EL Hvwolf
RALE LB,

d. T ol

HEOMS, FEDT VAT Y ADRIC X HRWyY — v REL, BT 0%y
SO RE Ul &R BRI, BIRHAROBRICED S - LREE Ly,

R RHR RIS AT ARBT B & XL, HANREOTE, BAFIEOTE, &

M--11—1313



LEPRMI R A 7 o AT AOMER Y, i F OEREE FRE B CRIET R
HTLAERD S,

Table 11.40 Quality Standard of Cooling Water
(Japan Refrigeration and Air Conditioning Industrial Association Standard)

Standard value  Standard value Tendency *?
Item for makeup for cooling
water water *! Corrosion Scale
Standard PH (25°C) 6.0~ 8.0 6.0 ~ 8.0 O O
item Conductivity - (mv/m) 200 or less 500 or less O
' (1,000 or less)
Chlorine ion Cl (ppm) 50 or less 200 or less O
Suifuric acid ion SO, (ppm} 50 or less 200 orless O
Total iron Fe {(ppm) 0.3 or less 1.0 or less *? O O
M Alkalinity CaCO, (ppm) 50 or less 100 or less O
Total hardness CaCO, (ppm} 50 or less 200 or less O
Reference Sulfurion S {(ppm) Notbe Not be detected O
item Ammonium ion NH, (ppm) detected Not be detected O
Silicon oxide SiO, (ppm) _ 50 or fess. O

*1 Cooling water means water passing through condenser for both once through and
circulation systems.

*2 Standard value for plastic piping shall be 0.5 ppm or below.

*3 Mark O in “Tendency” column indicates a factor concerning either corrosion or scale
tendency.
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Figure 12.1 Heat conduction
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Figure 12.2 Heat conduction of a multilayer wall
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Figure 12.3 Heat conduction of a cylindrical wall
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| Figure 12.4 Heat conduction of a multliayer cylindrical wall_
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Flgure 12.5 Heat transfe:r by convection

q=al-t) [keal/(mi-h)]  Equation (5)

REOEROT, ail “BEFR" LIRS HET, HEOBECHAORBTELTS
BTH T, Ehik b LLVHVAIEHRRERER TS,
Fre. KO TEBSNDWATHEE AL, WHCERORBILESH T 5,

Nu= %fi Nu: (Nusselt number)

Rc—-E}i Re ; (Reynolds number) b ' ~ Equation (6)
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Pr= Y Pr: (Prandﬂ number)
a .

a . EEEER [kcal/(m -h- C)]
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A RKOBESK  (keal /(m*+h-C))

II-—12--4



w A OHE
v Itk o REHERE

a : W DORERER

¢ WD HEk
7 kDO HER

3-1 BN

(m/h} Fit (m/s)
(m¥/h) ¥t [(m¥/s)

(ot/h) ¥kt (mifs) (=)

cr
{kcal (ke T)]
(kg/m*)

77 oA YL HSOTIRL , FICET 5 5 OWAORE EFCRRT 5 KL%
€ £ BWHAOTRE, “BANE" LEShD, BAMEC ST MEERE, KO L S
5% 2 h b Grashof Ba ALV THA S b, | |

- Lsgﬁ(tw "' tO}

Equation (7)

G
. ! v2
g CEDONEE [m/s%]
B kOBREGK  (1/K)
te FRERE (cl.
ta DR OEE [Tl

ERBORERT, EEOMEEE, BHHEH, Prand itk OMES X R
X o CHEAZED B, ThEROWHEH L TREOMNE LTATRT LR TES, T
b, KK LTREED 4%kt |

a -+ bt+ct2—;rd£3+et‘
ekt L TREEDS Kk,

a + bt + ct? 4 dt°
THEEh, RPORERERFTELLR TS,

: IE”'IZ_—S



PrOpertV.ValuE

Substance a b c e
Water Thermal conductivity | 0.4465 3.172 -2.581 9.593 1 -1.549
kcal/{mh*C) x 1072 % 103 Cx 107 x 10-10
Dynamic viscosity | 1.234 -2.021 | 1619 ~6.347 | 9.750
coefficient (m?%s) x 10-¢ x10® | x 10" x 1013 X 1016
Prandtl number 8.179 ~0.1345 | 1.017 ~3.663 | 5.148
x 1073 x 1078 x 107
Air Thermal conductivity | 0.02071 | 6.856 | -3.414. | 1.567
kcal/(mh°C) x 10 x 10® % 101
Dynamic viscosity 1.378 8.916 1.355 --'1.566 
cocfficient (m?s) x 107 x 10-# x 107 | x 10"
Prandtl number 0.7177 -1.705 ~4.403 2.924
x 107 x 107 x 10%

SR BDERTGHE Y VT, Nusselt KD L 5 AREBRXCHELIR TS,
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Nu,, =0.53(Gr+Pr)"/4
HFEROBE

Nu,, = 0.13(Gr+ pr)?
K E X EROBE
Nu,, = 0.14(Gr « Pr)*®
AP T & PROBA

Nug, =0. 27(Gropr)ll4
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q= ter -~ Lea [keal/(m*h)]  Equation (17)
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Figure 12.7 Insulation thickness and yearly expenses
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Flgure 12.8 Setting screen for the economical Insulation calculation

. Economically optimua insulation SI(Kh unit _
<Premises---Pipe/Surface> - <Pipe> (¥Ricale) =~ - 03/24 16:24

fco thickness Xp 0.955 (= .

Inside temp  th.0| 150 0.D of insulatlion do  0.275 =

Roon tewp - th.r 20 LD of inselation di -

Heat transfer %alpha 12 Aanual expense Fp 2439 ¥year
Heat price # h 5 Heat loss / hoer  Qp 78.4 /a/h
Annual interest n | 0.07 Surface temp = thipe  27.5 dex C
Horking year Y i H.conduct’y (avg)ramda,p 0.0521 .
Yorking hour  hr | 3000 Insu!’n work pric - ap 233 th.¥/n"3

Deprec’tn rate dep 14.28  Insul'n material Calcium silicate 1-13 |
# : Be aware of unit -

<Plane surface> (¥S:cale) 03/24. C16:24
Eco thickneas X3 n

Macro command: Annual expense ~ Fs - 3170 ¥/year
¥A Menu Heat loss /'hour Qs 82.0 /wi/h
YU Unit select ¥P Print Surface teap th.ae- 26,8 deg €
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Insul'n work pric ' as 174 th.¥/n"3
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Figure 12.9 Heat unit price and ecenomical Insulation thickness
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8 =%

10 ORFI7 7 v VORMHEF L A DRA—-FEOFTORIEHRCTT. #lLuE, 20
bar JD 2 Globe Valve DEMRIT 2° & 1.28 mO IR &% L,

Equivalent pipe length to valve or flange (Unit: m)

PlpingParts | &+ | 2 | 1 |11} 2 223 | a5 ]|6]|8
Flanged Globe Valve | 1.15 | 1.06 | 122 | .11 | 131 | 1.23 | 125 | 1.27 | 1.40 | 1.50 | 1.68
(10bar) '

Flanged Globe Valve | 1.24 | - 1.21 | 1.20 { 1.28 { 1.50 | 1.56 | 1.58 - 1.78 | 1.87
(20bar)

Flanged Sluice Valve | 1.12 | 098 | 1.15 | 131 | 122 | 1.16 | 131 | 120 | 127 | 1.35 | 1.52
(10bar)

Flanged Sluice Valve [ 129 { 1.13 [ 132 [ 1.23 (153 — 1163 }150] — |192] -
(20bar)

.PI‘CSSUI'E:RCduCiﬂg 1.96 | 1.71 | 1.67 | 1.49 [ 1.55 | 1.60 | 1.66 | 1.58 | 1.91 | 1.76 | 1.81
Valve (10bar) . -

Control Valve ~ 1172|184 156|160} ~ |154| - — | 148 -
(10bar)

Flange (10Dar) 0.50 | 0.46 | 0.53 | 0.47 | 0.44 Q'.42 0.42 | 0.39 | 0.44 | 0.45 | 0.44
F]ange (20bar) 0.51 1046 | 0.54 1 0.47 § 049 | 0.46 ().:50 0.46 - 0.56 | 0.51
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