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Studies on High Velocity Air Conditioning
System for Ships

Synopsis

This report covers the problems of space air distribution, sound control of ventilating
system and of air flow control in ducts with special respect to high velocity duct system.
So as to serve shipbu-ilding engineers, in Chapters 1, 2 and 3 theories and designing me-
thods appeared in the recent books and papers are reviewed with relating valuable data.
The data obtained by the experiments carried out here for this work are also included
in addition. The experimental studies are fully described in Chapter 4.

Chapter 1 is entitled Space Air Distribution in State-Rooms. Practical formulas of
characteristic properties of air jets from supply outlets, such as trajectory, maximum or
center velocity and temperature differential, spread angle, equal velocity or temperature
differential line and entrainment ratio, are presented and several nomograms for design-
ing air outlets are given in Article 1-1. Performance of various types of outlets are revi-
ewed. The values of proportionality constants of the axial flow outlets for estimation,
taking account of the effects of approaching duct, aspect ratios and angles of face vanes,
are summerized. Those data added here are derived from the results of the experimental
studies descrived in Article 4-1. The procedure of determining maximum outlet velocity
based on both the terminal velocity and the noise criterion is discussed. The description
of measurements of noise generated at various types of outles is included in Article 4-4.
Some examples of determining the shape, size and location of outlets are illustrated in
the last part of Article 1-2. On the point of view of use in ships, the general description
of characteristic properties of induction units are made in Article 1.3. The standard
capacity of induction unit for state-rooms is discussed. Though there are maney types
of induction units in use, the relations between their performance and details of
construction seem to have not been clarified thoroughly. The effects of chamber shape,
relative position of nozzles and induction inlet on the characteristics are studied. With
these data the proposed induction units of standard size are designed and two types of
them are made to test the performance under actual conditions. The details of the
experiment are shown in Article 4.2. The induction ratio and the cooling capacity of
the coil by induction flow are obtained as three to four and about two parts of those of
the primary air respectively. Article 1.4 deals with the space air distribution in a
model state-room. The state-rooms of several kinds of ships are investigated about their
sizes relating to occupancy, heating and cooling loads and quantity of fresh air
required, so that a unitary capacity of supply air and of heating and cooling are
suggested. The space air distribution in the model state-room with Punkah Louvers
and a proposed induction unit is illustrated. The design method developed by the studies
on the downward velocity of ceiling radial flow outlets is also discussed. Comprises



Article 4.3 the experimental studies for space air distribution.

Chapter 2 deals with Noise Control in Ventilating System of Ships. The comprehen-
sive description of principles of noise control is made, and concerning the permissible
noise level for state-rooms, the background noise levels observed in several types of ships
are analysed in Article 2-1. The noise sources in ventilating system are treated in
terms of sound power level in Article 2.2. The materials are collected not only from the
recent publications but also from the results of experiments made here. The measureme-
nts of noise generated in circular section ducts by air flow of velocity above 20 meters
per second and at such supply outlets that Punkah Louvers, ceiling outlets with a plaque
or diffusing vanes, and induction units and so on, are refered in Article 4.4. The pro-
cedure of noise control estimation and design is presented in Article 2.3, and in Article
2.4, the characteristics of various types of sound absorbing or attenuating parts, including
the supply outlet unit for high pressure or velocity duct system, are described.

Chapter 3 is devoted to the Design of Some Types of High Velocity Duct Systems
encountered in ships. Emphasis is given to such items as, the friction factors of factory-
made straight ducts with circular section and the resistance coefficients of elbows, bran-
ches and Punkah Louvers, in the case that two of them are closely located. A considera-
tion is made to equalize the amount of air flow from Punkah Louvers attached in close
distance each other to the same duct.
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Table 121 Constants for Various Outlets

V0 (m/s) Dy=1.13 V4, (m)
Types of Outlets e
2.5~5.0 ~ 10~50 | 4, ¢ e
Circular and Square Nozzle, Open Free Opening K 5.0 6.2 Ag=Ae 1.0 1.0
End of Duct K’ 5.7 7.0
Circular, Rectangular Qutlet and | Aspect ratio m m=1~3
Slot, with Plenum Chamber 1 K 6.0 0.63~0.64
3~10 4.0 Av=cAc m>10 1.0
>30 3.5 0.68
Ditto with Small Plenum Cham- Ditto K Ditto Minus 10% Ap=cAc 1.0
ber Ditto Plus 6 %
T T T T T T Spredd Angles | T T
Grills (deg) f
0 4.7 0.5~0.6
40 K 3.1 Av=cfAc ”
60 1.5~2.2% ”
90 1.1~1.8% 0.4~0.5
Perforated Panels Free Area Ratio
f=0.03~0.05 | K 2.7 3.5 Ac=cfAc 0.7 —
) 0.1~0.2 | | 35 43 |

* Smaller values are for the outlets of aspect ratio of larger than 3.
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Table 1220

Types of OQutlets Correction Values
Ceiling Diffusers -5
Radial Annular Slots, Small Size -5
Ditto, Large Size —10
Punkah Louvers —10

Grills of Parallel Vanes —10
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Table 1.3-1

Accommodation Volume per Persons . Mnmmum Fresh Air Cooling Load** Coolmg Capac1ty of
. Kok
(persons) (m3/persons) (m3/h) (md/h) Induct10n3 Units
‘ (mi/h)
1 20~26 ! 6 (60)* 90~138 | 60~ 180
2 12 i 30 (60) 138~234 60~ 180
4 \ 6 114 (80x2) 150 120~ 360
! 180x1 180~ 540
6 ' 4 228 ( 60><4) 360 240~ 720
! 180x 2 ‘ 360~1, 080
: |

#* The values in parentheses denote quantities of primary air of standard induction units.

% Expressed in supply air volume rate with 10°C temperature differencial. Cf. Table 1-4-1

k% Ditto.
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Table 1441

Accommodation | Volume per person | Minimum Fresh Air? |Sensitive Cooling Loadz); Reference
persons md/p Qreq m3fh Q md/h
1 20~26 6 90~138 Cargo-Ship (10, 000ton)
2 12 30 138~234 ”
Passenger-Ship

4 6 114 150 (2, 800 ton)
6 228 360 ”

2% 1.2 1,480 582 "

Note : 1) For Buildings, varies with the volume of room. With smoking plus 20%. Cf. Ref. (1) and (2).
2) Aproximate quantity of supply air in such condition that room temp., outside temp. and temp.
differential are 27°C, 35°C and 10°C respectively.
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Table 2¢1.1 Range of Desngn Criteria for Noise Control (Gunde)

Type of Area 1 NC Level, dB | A-Sound Level, dB
~ - i [ — J— —— ——

Mu51c halls } 20 ~ 25 25 ~ 35

Studios for Sound reproduction

Multi-purpose halls 25 ~ 30 30 ~ 40

Lecture halls

Movie theaters 30 ~ 35 35 ~ 45

TV audience studios

Schools and classrooms } , 30 ~ 40 35 ~ 45

Libraries :

Sanctuaries ] 20 ~ 30 25 ~ 35
HOSPITALS "

Private rooms 25 ~ 35 30 ~ 40

‘Wards, Operating rooms | 30 ~ 40 ! 35 ~ 45

Private homes | . 25 ~ 35 30 ~ 40

Apartment houses ' 30 ~ 40 ’ 35 ~ 45

Individual rooms (HO’I ELS) 30 ~ 40 ) 35 ~ 45

Halls Lobbles } 35 ~ 45 40 ~ 50

Restaurants

Department stores (upper floors) 35 ~ 45 40 ~ 50

” (main floor) 40 ~ 50 45 ~ 55

Gymnasiums 35 ~ 45 40 ~ 50

Swimming pools . 40 ~ 55 45 ~ 60
TRANSPOTA"I ION

Ticket sales offices 30 ~ 40 35 ~ 45

Lounges, Waiting rooms 35 ~ 50 40 ~ 55
OFFICES

Conference rooms 25 ~ 35 30 ~ 40

Executive office 30 ~ 40 35 ~ 45

Reception rooms 30 ~ 45 35 ~ 50

General open office, Drafting rooms' 35 ~ 50 : 40 ~ 55

Tabulation and computation 40 ~ 60 i 45 ~ 65

Kitchens and laundries 40 ~ 50 45 ~ 55
MANUFACTURING AREAS ' ‘

Assembly lines, Light machinery 45 ~ 70 ; 50 ~ 70

Foundries, Heavy machinery 55 ~ 75 : 60 ~ 80
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HSHEE Ve 23RED, LIS TRES A HiESD, £330, » HOTFLVWRHOME A ©
R 2T 5 & 20, X @) W35 PWL XU Q 2 FNFRELEKITOWTO
TN T — « UNABIURBEEGEEE DL ENTE, Lo -»T Ve YEs, LT, n=Qy
(AVe) XD, n TF AdnThodd 52 Ttk 5,

WIS FEROFHRIC X b ke, R4 mm"i‘“lﬁﬁﬁﬂk EEEIZ DWW T B,

¥ EERREAREL, BHOMERL . ¥, FRETE L THRAEEDIDOEFIZIDCTHEL D,




=, SOMEANERZHOEMBEY XD, <Y —. v~ PWL SRS E VY=L SPLy 3 ©

#wkd B E Table 2:1:2 DX 31T 3~10dB L5, $h, FHRIFIRITZ0.1EELRDZ E08D
B,

ATable 2+1+2 Sound Characteristics of Rooms

- Tnner Surface | T otal Absorption| Mean Absorption
Names of Room |"olume of,f Room Area Power A Coefficient 10 logig A4
m m? i s (PWL-SPLp)
Cadet’s Salon 270 340 i 41.0 0.12 10dB
State Room 19 44 7.9 0.17 3
Wheel House 67 112 13.3 0.13 5

BRENIFORESCEARAEINLDT, BAm s DRELZEE L CHNEERLATVDOPWL %

Fxb, A SPLp % 55dB (NC-50 it¥i+% 500cps D L ~/u) & LT, BASEARYIRE

FREEBRE DI R PWL %3k % & Table 2:1-3 DX 5T 41~45 dB/m® O & 7% 5,

Table 2+1+3

Names of Room Allowable PWL for Unit Volume

dB/m?

Cadet’s Salon

41
State Room 45
Wheel House 42

Note: For 500 cps
2 AB XU26 AIUEDFIC OV T (Table 1-4-1 £MR), BEZIRFFEAR HH#EE 2 skdiiE, Table
14 DXITHD, Thabb, —EFREOEMTHART, BEO M5k b REVIREE

B EBIENTE, & LT OT» L8Ol E 91T X 5,

Table 2144

Accommodation | Volume of Room | Nesessary Supply Air ;Allowable PWLy* i Ma)ijplgcr?t C*):tlet
persons m3 m¥/h i dB elocity
0 ] m/s
2 26 180 59 18.0
26 34 1,200 60 11.5

* By 45dB/m3 in Table 2-1.3
** By Equation (4), with the data of vane grill, where C;=58, Ci=—7

2:2 RARKICHBITIEBORTRER

2:2:1 XJEBE

REREE IS 7 P RCBT BEFEHOPCLRIBHIORIVIOD—DOTH 5, ¥ 7 Ml

SNIGERBEN S, ¥ 7 FPIGEDRENBEED A7 — « L~ PWL 13, SEABOTR, K=

S, TEHAMER X - TRAED, AR SIEEMNT 2508 >V CHES LS DOMREE L,
LU, BERECIREREEES OBEH RSOV TS H TR RO T, ERMEEL kT 7 —
DHEIETED LY EN5,

BIEBBIIKBI L TRD 3 DItk 5,



(i) BEECES NS 7 P eBREECEE, BESNCSTSBHEEZNELT, ¥F7 ¢
YD ENICH SR ABE D 7 — X0, MECHEHMIEZ LTY 7 PNIZEDRENI Y ~%
ko5,

(i) 47 + Ol BhEEhc s S, BN S n s ek LTRlE Uiz
hoim —&sRked, Fr bNsST —ICBET B,

Gil) &7 M EEGEER T (BAVIENHED L L), F7 FINEEITFDS TRV
G~ 1 7 m A VvEITOTEEL (OB ERHIEZLT), TNk Fs PRICESN Y
—%RkD 5B,

WRGERMEIC OV, EIEET 52 88 TERVWEAIE, ROXS K BAHEAMLNTNLOD
T, ChEFIBLTCA——F—AD.T — « %k b,

F7bb, Beranek, L.L. 1327 i XiuF, KAOQELERBICOWT, BT — & —DEHRSE
J1 W (IP) & PWL %

PWL=90+10logo W dB e (6)

7o25 L, PWL : #2027 —« L~ dBre=10""watt, W: £— & —DEHKET] P,

—7%, Madison, R.D. 2 X 2 %ABBEORE ¢ 3 XOEN p WHT HZELOBRPPMLNRT
B, E£77 (6) OEBEIZESN 1~2 HEFEOEEDERFIC X » TROLNALDDTH D5 D,
INSEER LT Allen, C. H.? 3R BEIREL TV 5,

PWL=90+10logis W+10logrwp = 7)

772U, po REURED, K W

HBHWVIE, —fRIT

PWL=PWLy,+10logi(W-p) e (8)
& L, 7 Madison &

PWL=PWLs+10logun (g-p¥) e )
LEbLT, PWLy 35X PWLs % A NFIGERBEOREA 7 — « VB XU AT — « U~
LEWVS,

PWL», PWLs VIEBEENRICE - TED B2, MPKO ORIV, A—3E0LIHTE
C—HF B, R (1) 11, BEEOMECEESNGLE, AMPR, &HA—7—0bOKLO
T, +4dB OEEHBETHEBIND L VAV, KL, R (7)) KT p EKENTRDbLID
DTHBHY

R X 52 X ORI B, R OERBICOWT, #ieg Table 2.2:1 DX SITE5HT L
MTEBD, 72771, BHEEL IV EF PWL 20 TOEAT— . vt PWL, TRLTH 5,

2:.2:2 ¥/ b

Fr rREREGBHENS EE, H1D, -V, S, HERLHDIVELDEIOENERIT LD
EEFTHEWT, BE (JAASHIVIIFEOIRICLS) 284725, INLHTHEHLTREDLTEH

* ik mm GKEE) TELLASER, 0% 76 L9niElv,



Table 2.2.1
Approximate Base Sound Power Levels¢ PWL, for Central Station Fans of the Centrifugal Type,b-¢-@

dB re=10"12 watt (Guide)

" Static - - ) I
Efficiency at | ~ Frequency Bands, cps

Operating 75-150  150-300 © 300-600 | 600-1200  1200-2400 ‘ 2400-4800 | 4800-9600
Point, Percent Y R PR | T _

Over 65 | 75-85 | 75-80 | 70-75 65-70  60-65 {  55-60 | 50-55

50 to 65 80-90 80-85  75-80 " 70-75 ' 65-70 60-65 55-60

30 to 50 85-100 |  85-95 | 80-90 75-85 70-80 65-75 60-70

Under 30 Unpredictable

@ Values of sound power level uncertain for 37.5 to 75 frequency.

b Base sound power levels are based on reference quantities of 1 hp and 1 in static pressure as defined
by Equation 8.

¢ Values are based on the gross sound power delivered by the fan to either the supply or return duct
system.

@ Poor air approach conditions at the fan inlet will add materially to the noise generated.

¢ The efficiency parameters do not apply to oversized fans, operating at an outlet velocity below the
range recommended by the fan manufacture for quiet operation.

FHcZ Lo,
N—- VA D IOV T Kerkal® I X5 FRB EFRINTWS (Fig. 2.2-1 £R), 2h b
v, 30, 45, 60°DHiH IOV T HEM N, Fh—vDlEk IOKE XEIBRE T bFrom

BUPG 20D, BB X SRR B DI iHIITR S Ty 52, KRR e LT s
bt 3%,
4 (dB)=60log1o(V/Ve) . (10)
3575 0ctave3;>0%ss bg(%ds’lzoo szwo 48009600

NI I I A A
5 r80—4 \ I S I A I I
S F XY ¥ I X x 1 =
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8 5o =1 e SA N
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> 4 s wi g i il 4 i =i s iy —
3 E i E + £ . e
S
8__ 105 _zlz 475 gl yiog 3o 6800
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Mid - frequency, cps

Sound Power Generated by 30° to 90° Elbows with Turning Vanes in
Various Size Ducts at a Duct Velocity of 10 m/s (Guide)

Fig. 2:2-1



z iz, Vo tX Fig. 2421 313588 10m/s TH 5,

R—vOREVEFFEAND T, dEr s 5T, L IHREOHVE I, WL -TH 2 b
EERIREhE 4, BASARAEER AU LB N2 H 50, EEBAMAOIBEERY 7 MOV T
4:4.3 B,

F oy raduc s BRI A(L, S, ATY v &« F VRSB IUCRER LR, WIN Ll
B LTHSERAORERE LB, EICEES 7 P HRICH - T, AB7SEAL, Witz &
L2 Warllids TOUhRI & vl SR 5 KR 5 X 51T B,

2.2.3 WOz ofth

WHIMIC I BRAEFIE, TELTT 47 o —FRED— VY 5KIMEITRRNT 52, b
FELIERBENIEBH LTV 0T, AOBMES®LLENEY, LMK T, TEDLETFEAEHFO/N
XD ESBHINTERINIRETH B, —F, RHEEI X 2RERTOLLIIAEVDT,
R XN ARABESORE XL - T, FESIRUEEDOIRRAIEES (2-1-3 B),

2.1:2 T R7z X 510, HAEEFCOWVWTE, BEATENETONAMECOEELI LTI
7, UGBS EMEAS, 7 OB SEEINTL5b0L, ZORGEORIIMITENTREETD L
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DED2DEGHPINDHE, TRENICEDENESE, —RTFAELD 3dB FIMEC B - T
BT, NIRS IR E A LE L 5 BRIA N, T DX S I B T 5T SR O SRE
PWL %R, Hich U CHFARIBEEDIRA RS S b, Wing—Fic X 28BS nyEwT
HOGEE, MR EERNRE Lok s PWL 282 n0E kv,

HES 7 PO BIERIID 2= ) bHEVEIF U VS e 22, FEH T, 2=y b
ARZHBTDFOREENSH D0, ==, POHEMHICK > TIRAEESh, SRS Xh 52
V= WINAT 4 7 o VI KB RAEBE O 2 LRV S TWRIE, 2=, b &
LTOMWRERT DD E Rind 2 & TE, TRV H DIARE & /e 55,

KRR L LT, Sy h— =T 0 50 VERHKED (SR B), %7 s I 0H
BRI E T 4 7 o =¥ D KIRIC X HREB Ok % Fig. 2.2.2~5 105RF. fI&IC1, 600~
4,800cps DD 3F 7 2=« Xv ¥ PWL FfEi (g PWhss L %b3) %WV,
& PWihors 1O 23 RAFBERHIEE A KD B, £3 F - PWL 75 & O ORERE X 05
GIERH =2 = MIZOWTE, 444-2 M,

2:2:4 ZOfth

57 PRICEAT BEEEIRCIE L DI IBE 2R S 5, HHWHT BIHI) OSE L~ %SPL
(dB) &¥ 35L&, ZDYFMCHCTWAIER S (m?) OMLAONHSLS 27 FNIC BAT BESD.<
7= sk PWL (dB) 3R aIC & » THESEC & 3,

PWL=SPL+10loginS—6 dB ... (11)
7272L, PWL: dB re=10""watt, SPL: dB 7e=2x10"* ybar

—HRIC, GREBEERE I BN, TOBINIINE VA, ok TSR ST, FOBE L
> 90dB I e, TfE0.1m® DIIAA D, LRAT BED Y —« L-LE74dB Tk D, -
MR & 7 B,

2.3 BEGF E &

2:3-1 FAEHEE
BREHIE L, MiEBRICE - TEES B RTNERLRVERIE, F7 FRICEY xR BB S0ty
e, HNEGEEOHEE, D EEABAALLENCHH LTI VED 7 — .« e
NEDEPBRDBNRD,

7oL, TOWRIE 7 FRERICEEA OBEREN M H 5 DT, TR SRR TR SN
BB AFRECS Y FICoVTRD B,

FREHER=47 MCRAT 8% 0 PWL—REHERER—BARGn PWL

BEHBEEIRO L5k Dndb 5,

(1) KRRAHEES 7 MX530

(i) ghizxsio

(i) FFEX5L0

(iv) &7 MOz sE 5BORMIZEE LD



TRBIC L AEEEROMA, & ICEHAME LAV THHALX SN AREE (S4HE) T

b5,

(i) ROBESSF /7 M X BHE  COER—AHITNS WD, F7 FOERPEVE EITTIHE
Chb, SRIERME 7 P TR, BERINC X » TR OB K E <, i Table 2:3-1 O &5
Wi 3P, ¥ 7 TR NE Y,

Table 2+3
Approxxmate Natural T. L. in Bare Rectanguldr Sheet Metal Ducts* (Guide)

Frequency, cps
Duct Size, mm R — = e
37.5-75 ‘ 75-150 150-300 Above 300
; T.L. dB/m
150% 150 | 0.6 : 0.6 0.45 ' 0.3
600 % 600 0.6 l 0.6 0.3 0.15
1800 x 1800 0.3 | 0.3 0.03 0.03

* If duct 1s covered with thermal insulating mdlerla] T L w111 be approximately
twice the listed values.

(i) DI X BHEE : N~V E RV LIBIREZ T 5= AR TR, 720 LR bRy
23, % Table 2-3-2 DX 5T h, KEVF 7 MEEEHID S X5l b, WMy (=
vV F) @owTidgikt b,

Table 2+3+2
Ammmm&eil.ofRmmdmewor&mmeU&Mswnhiummngm(Gm&)

Dlameter or Frequency, cps

dlmenswns 1 S E— ‘. — _—
} 75-150 150-300 300-600  600-1200  1200-2400 | 2400-4800 |  4800-9600
‘ T.L. dB

125~250 i 0 0 0 1 2 3 3

250~500 : 0 0 1 2 3 3 3

500~ 1000 0 1 2 3 3 3 3

1000 ~ 2000 1 ‘ 2 3 3 3 3 3

(i) SyREIC X BIREE : WEOEW & & A TREMARRERTH, WROEWEBEHTIE, &

b~d
(=]

Octave pass bands, ¢ps
375 5 isa-” Pio

o
=]
T

600 1200
33 lof 202 425 850 I

Round duct dig or
square root of area
of rectangular duct

.

U’ 4

<

|

dB

S
=

Loss,

End reflection
S
3
t

-Required attenuation,dB
©w
<SS
]

A

0 n P 20 75 150 300 600 1200 2400
50 100 200 500 1000 75 150 300 600 1200 2400 4800
Mid-Frequency, cps Frequency, cps
End Reflection Loss at th Open End Example of the Required Attenuation (For
Fig. 2.3.1 fan noise in ventilating duct in radio studio)
Fig. 23+2
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FAFRBDTNEL D00, ARSI 5 RHFHOREIZEAERLNELREY, Tiub
H, TIOMEHERA EOREIH 2/ TIV,

3) WUACHWBHEE==, bR ETHE, TOBRg&ETcoAn, HnEcsirsd T.L. (&
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HERBCOWTIE, —HANTRD X 5 ERENEk & n 5,
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e) Fofh, RBHTHHT L, WEMRKEDMAMSHHZ &
ECHD,

2.4 FEOHEFRICOOT

BREHEETE, 7 P REELSETOEE=F A ¥ B L TP, Lieh T, RO
FENEEPTIFEMDL, CO=ZFAFHEREZEDTLOTRINERLEY, LHL, —fUCRE
DT OREE LRI EE» LWERSV 0T, BUTEERAR, HAafllobs 2HiENOEEY
NADERE - THEEEDT L MDD, T OFHE = 3L FEFEHE & KHIT & THREOEE
a4 T.L. i L, CheBFmssit (Noise Reduction) NR & X4, NR offiiz, ARIEER
R DS 51 5 DT, BEEHC X » TBEMIAL LY AKE L X b (ki 3dB), E7cli
T X BREBA DD, WHOBNTIIERZET .

2:4:1 WEMNIEF 7 b

Ky P NEI, S8, F5 AR, LAY 75— A EOREMENIED LICHDT, bokd
A B D, BEHRHEE R R TR X V0, IRE T TS {85, WMREESL X
LRIIES < DA & 5HHND B2 VIEERRNH 525, T 2Tk Briel OB 5,

HDFE—OEEMTHIED 5 & &, EFEMC I 2WER R X

1
{ dB, K=4.34 N (12)

RL=K-§
(7272 L, walNc<1)
cziz, P: MWEA 7 b OREEE (m), S: FEEE (m?), I MEE (m), N: EERET
KIEHA D T AR S R a0 BIET 5 & & OFEOIRE/NE, o: 20f AREE, [ 81 cps),
a: NIEF 7 v O—30E, ¢: HFiHk
Fol xiE, 25mm JEEMEO N X0 a0 Offiid Table 2:4:1 DX 5T, e, ao & N 3K
(13) © X5 5% T, Thi Table 2:4-2 IR T,
w=4/(N+N-'+2) e (13)

Table 2:4+1 Table 2-4.2

25 mm Thick Rock- i ZV?':;?]B’{;}:I((:}; ]Ev(;il;' ag i N |" ap | N
Frequ- wool ‘lil.anket without 25 mm Depth of Air R PO .- -
e ir Space | Space 1.00 j Lo {038 . 100
N - N a0 0.96 1 1.5 0.30 11.3
0.8 | 20 ¢ 0.23 15
125 80 0.05 42 0.09 0.80 I 2.6 | 0.20 18
250 48 0.08 16 0.22 0.75 . 3.0 b 0.18 \' 20
500 12.7 0.27 4.0 0.64 0.70 3.4 0.125 | 30
1000 4.0 0.64 1.83 0.91 0.60 4.4 ! 0.10 38
2000 1.83 0.91 1.76 0.92 0.56 : 5.0 ! 0.08 50
- T T - 0.50 . 5.9 0.06 , 170
0.44 ' 7.0 . 0.04 | 100
0.40 = 7.9 0.02 | 200
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DIEIIEY,

220D 2 ELBHEE, FBH5U NR #EMET T 5. £7:, 2BHOHD o St
ZHE BB LY (Fig. 2-4-12 £H8),

Fig. 2-4:10, 12 QL D, NV /4 XOGLHHEECK LT, 0 NR ft:dhss 2 @i
Wizont Fig. 244+13 Th 5,

SV, Hi—ilh ) ORHEE NG LT X TAME M WEERT, Fig.2-4:14 O X 57 NEED Lo
D& HEHT, Table 2:4:3 O X5 AV BB,

Table 2.4.3
T. L. of 90 deg Duct Bends without Turning Vanes, dB (Guide)

‘ Frequency Bands, cps
b 75-150 | 150-300 ’ 300-600 600—1200‘1200-2400:2400-48004800—9600

i

(A) No Lining ; |
125mm Duct width (D) 4 8 5 ; 3
250mm Duct width 4 8 5 3 3
500mm Duct width 4 8 5 3 3 l 3
1000mm Duct width 4 8 5 3 ! 3, 3 i 3

(B) Lining* Ahead of Bend ‘ ; :
125mm Duct width 4 ] 8 6 | 7
250mm Duct width 4 s | 6 1 7 . mn
500mm Duct width 4 8 6 7 1 11
1000mm Duct width 4 8 ' 6 7 1 u on

(C) Lining* After Bend i I
125mm Duct width 4 11 10, 10
250mm Duct width 4 1 10 10 i 10
500mm Duct width 4 11 10 10 10 10
1000mm Duct width 4 11 10 10 | 10 10 10
(D) Lining* Ahead of and After F

Bend : ' :
125mm Duct width 4 113 D15
250mm Duct width , 4 11 13 15 18
500mm Duct width 4 11 13 15 18 | 18
1000mm Duct width 4 nm o 15 ' 18 18 18

* Based on lining extending for a distance of at least two duct widths D™ and lining thickness of 109
of duct width “D”.
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T.1.=10 loglo{1+<—@i>2} dB e (14) Fig. 2:4:15
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1
T.L.=10 logon:S <cos0 a) ] dB (18)

2rnd 2 C!Sw

il a: NEEDHOREFR, S HAalEE (m?), Su: 7 v IRF@EHE (m?), d: An,
HWrfoifsE (m), 6: Hnfin@meEAn, HoohLzEshime okt f (Fig. 2-4:27 £18),
XHIZ, o EERCE, WRIZX - TLEREET 2TV,

T. L.=10log1 é‘l B (19)

LT, A: BEF - v ORFEN (m?), Se: WEF - v OB L7 F OWITEHE (m?),
g@mmm%héwx%Iyxoﬁiim ¥ 10dB §i%tTH-»T, 20dB #Hz 5D TS
AETRV, I OEBMEBRTMBZLE LT B2, SO UDYREZFELTEHL », FHIU, &
JE T EORFEMEFIFAL T, ﬁ%ﬁﬁﬁ%%é:aﬁf%é E7o, SRR EOBERE 7
VAR S E, B LERRCRAMCKET5ET LT e oLk,

2.5 ZzoiFEEHRE

PR, &7 b ROBEHEFEICHET 5 —RWTIHTH 228, ILEHT RS THETNEH5
ERH B, Tihbb, () ¥F7 FEOES, TNRIET 7 P RECHTIARESOR DD L,
£ PREERENTREALL N DL DERD D, (i) HiEEsXOF 7 F OfSR, IRINIEZEH LT
PR TEETEDLD TV, Licd o T, IREIOBESREL, SOERER L LdEe 5w, (i)
FEDOLF IR 51, MEORE—LEr L8y, RN ETREOARRES 4TS
TENBDB, (v) TOfh, BRI LDERT, IS ORI T 2PN OME L E03d 55, T
TR S OFFIZ DWW T BT 5

X fik

1) Beranek, L. L. : Acoustics, 1954, pp. 311/21

2) ASHRAE Guide and Data Book 1961, Chap. 14

3) KMfE : AARFEWESEERTE W45 1-2-19

4y JNE, B ErEH, No. 26, 1960-6

5) TRHEES : WARAWHRE, Vol 10, No.2, 1960

6) ZELFf - ALY S, BEBEABERREREAS TSV TRH
7) Beranek, L. L. 34> : JASA, 27, 1955, p. 217

8) Madison, R.D. & : Fan Engineering (Buffalo Forge Co.), 1949, pp. 311/4
9) Allen, C. H. : Noise Control, Jan. 1957, p. 28

10) Z24LFEM - 4 TR0/ 4 08T %

11) Kerka, W.F.: ASHRAE Journal, March 1960, p. 49

12) kH#E - FEHE, 145, 1960, p. 10

13) Briiel, P. V. : Sound Insulation and Room Acoustics 1951, pp. 159/65
14) King, A.J.: JASA, 30, No.6, 1958, p. 505

15) Lippert, W. K. R.: Acustica, 4, 1954, p. 307

16) " " p. 412



17)  %ikE: - BAEERARERIE, B37.5, 1-3-5
18)  FA-@AF—, EILBUE 5 FARHIHIRS, No. 339, 1958
19) Meyer, E. {37~ ; JASA, 30, No.3, 1958, p. 165
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FEEASRIT LD &7 PN BITHE, FEEEY:, FARES XU TS CHFIL MY
MY 7 V38 E 7 P XD 4 <AV bR, 35S T ECSEE T EORINS X O TED M
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BRI EOMWE EB, BEEDIINT X 5 2h b & Bl 8k K2 5.,
3:1-2 HREN

DEELEY 7 VRGO BEENT, FRLED LKL TREICETIEED X E LTRDLR
Do TNERIFFUERNE O THEEIC X 5T THR L O AEIRIURE, bbb BRERTH
Do AL T OIEPURHNEIT X » THEHEZHT 5, ThICEELT, FRERIGK & X0
U7 —RE R BERLIELEMY 5N TW 50T, ThH0MOBIGEER~ 5,

F 7 FERERD Lt X OVFIRALT O FHEEs, $ELZ FNFN v, vp HBHWIE va T pu, po

BHDHWIE ps ETHIE,
2
A5

= Tvu ------
o= (pu—pp) / < 2g> )
R=(po—p)lywt—vodf29] (3)
2
C:Cs+<1——21)'2'>
Vu
b=—Rie—odg) /() e @
L,  ¢g: BHOMEE 9.8  kg/s? vp : TIRALE SRR m/s
bo: THALERE mmAgq vt IR RIEEE m/s

: LUEAIERE mmAq ¢ 2EEHREK 3/

* RARALFGAEI VY, BEAKTRE
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Table 3-1-1

2 mim
d mm -
(a) | (b)
75 0.18~0.20 ‘ 0.075~0.30
125 0.09~0.12 —
150 — 0.09 ~0.15
300 — 0.09 ~0.12

Note; (a) Without connection, (b) With a connection per 3 meters®

l Table 3.1.2
L—T | d=75mm Drawn Tubing (Copper, glass) |e=0. 0015 mm
L1 // e=03mm
1 Galvanized Iron Pipe 0.15
Cast Iron Pipe 0.25
Galvanized Iron Duct 0.15~0.20
5, S
8 Ne=0/8nm : 5
3
ki
I 10
S NN 9
8 = 9= =
S 2
09 — @=640nm X7
pas S R
/5'0111177 J
4
g
ver o n om0 ow I3 F 507890 B 4 0@
Air velocity 12
Fig. 3.1.2 Fig. 3.1+3

D e=0.3mm X VBRENELEHML, % 125mm ULEOLEERELHT ETDEEDME
FRVTIVEELLND, Kk, 55D, e OfE%EFT &, Table 3:1:2 DX S5 TH DD,
(b) B—phi
5513 Fig. 4-5-3 (57 L (% 125 mm), S7OHES 5~30 m/s DR T O#EH (%L Table 3.1.3
(@) DTEL THB, (b) IZ ASHRAE Guide (1960) ic X B{E% T,
Table 3+1.3

R | 1.0d 1.5d 2.0d

@ 0.2 0.24 0.24
C _ .

! ® . 0.3 0.24 0.19

() 2Ex90° #h%E

Fig. 4:5:4 Wind & 57, 2#EUFRE, 28E 7 7 v 7 BB I T 2#E L E) RO 3EEHD 2 B
0°thEICOWT, Fig. 4:5:3 R=1.0d OfiE 2@z AV, APs XOHAEE O/ 24 %
7GEO/E 1Y ) OEHRE U Ofxkd s E, /d=10 D ETIIE-#EOIrNIz EHLLR
D, Hd=10 LTl 1 Y b RS b hi/NIe b (Fig. 3-1-3 B8),

(d) HikE

EfZ 125mm OEEEICESE 75mm © Fig. 4:5:5 OBA [ LR D 90° GEd & H D4

_.48_
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1) a C.M. Ashley, et al; ASHAE. Transaction, Vol. 62, 1956

2) ASHRAE Guide and Data Book 1961

3) FEEFAHE . AAREEAWNE, $76%, 1962
4) k= BRIV KT, 7, 1957

5) FkFEi: £ FHEAE, 1962
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i OEPURGI—ETH D, ¥ 7 PR OGS, Thicd &3V T iRBEIE L #55
&, RUFRIC &Y 2ISHHEHIRIIC S LS AR 28T B, Fh, MRELEEFICT 553k
O &M, TBIT, RIBAMICHE LT Rz 22,
3-2:2  SpifiHEHARE S X OVTE BRI
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Fig. 3+2+4
SNYI = M= TN T VIR S G OWRE O E LT, (1) B kBT
ZERLIENT, TVFLF 2 Vo ORBIRI I 554 L, (2) FEOSHEHIR S X 0%
EREEZACCEET 254G 2120T, #7 MR 100X 200 (mm)? 1750 h— « L — 71 A
115 (RH A fE 57.5mm) Z 1m BRI 5 BT, AUk h— -« L — T LR 0.013 mdfs (B
HEGREE Smfs, MEE 1.533kg/m?) &L, 4 3vh— - b—TA LD DREERDD (Fig. 3-2-4
Table 3.2.1

Pressure Losses and Pressure Loss Total Pressure Velocxty Vo Quanmy of Air Quantxty of
. . Loss Flow Total Air Flow
Quantity of Air mm Aq mm Aq m/s md/s md/s
Punkah Louver P, 1 533 1.533 5.0 0.0130 0.0130
Duct P1 A 0.007 1.540
Punkah Louver P; . 5.0 0.0130
Duct AB | 0.028 1.568 0.0260
Punkah Louver P» 5.1 0.0133
Duct BC 0.055 1.623 0.0393
Punkah Louver P4 5.2 0.0135
Duct CD 0.090 1.713 0.0543
Punkah Louver Ps ‘ 5.3 : 0.0137

Duct D— : 0. 068Q




B,

(1) EHHRE CBBELTHE0 0, KoV h— A—=TF L XD BRE VI —« —T 0
ONEE TOBRIIENERD, F SV I— =T AREEFHET 5, TEIERF % Table 3:2-1 15k
R

(2) K H— e n—7A P OEEENT 1.533mm Aq, Zhiz PIA BloF s EEEN
0.007 mm Aq #/ix % & A Sk BIRENE 1.540mmAq &7, SV H—« L—T L Py
WRE, WLELMEE LT, v d— =T A PLE P bDRBERELLED, Thibb, qalqa
=0.5 /Wi % Sy Fig . 3:2:1 &0 Fig. 3:2:2 L hEdD, PIA L0 PA B
ERENOW LIEMER X BB, THEBRHEL LS XS S imiEiid s B a2 2 Tk,
BRI EFTR S, BERENNPFE LR o7 L EDIRELL qus/gn BEFED, HE (qu, qus) 3K
o5 (E. 2.3 ), F5IEF% Table 3:.2:2 1053 F, (1) OFEEE (2) OEREL kD
Jod Xy — e =T NDiffar % Table 3:2:3 (T8¢, HBEDvI— v—T L% ¥/ FiCEE
BT 258 DMERSIZEROC L, (1) OHEBRTIIEBORBLELLRKL S,

Table 3+2.2

A & 1.540 mm Aq
2 : q43/qa1 qas gat U4l z U__; Z Dra 1/7\,. 4
m3/s m3/s m/fs
28.0 0.50 O 0130 0 0260 1.30 0.49 0.103 1.562 2.880
20.0 0.43 0.0108 0.0238 1.20 0.47 0.088 1.548 1.730
19.5 0.42 0.0096 0.0226 1.13 0.47 0.078 1.540 1.520
Pressure Loss between A and B, 0.02 mm Aq
B &
,C\ 283/gm1 gB3 g1 vBy 3 UZ; 7 bra ;\M
mi/s m3/s m/s
11.0 i 0.289 0.0096 0.0322 1.61 0.46 0.158 1.593 1.740
10.0 : 0.275 0.0086 0.0312 1.56 0.45 0.148 1.627 1.480
10.5 i 0:295 0.0090 0.0316 1.58 0.45 0.152 1.620 1.60
Table 3.2.3
Quantlty of Air Flow At A Punkah Louver m3/s
Position* — _ — - e
P, P2 b3 Py Ps
-Method of Computation (1) 0.0130 0.0130 0.0133 O 0135 0. 0137
Method of Computation (2)

0.0130 0.0096 0.0090 0.0080 0.0071

* of. Fig. 3+2+4
3:2-4 JREALH DFEIZOWTC
Ry h—e =70 P & Ps (Fig.3:2:4 £IR) OifRIEIFHIKAZVENDD, Py & P O
IR AT B AR ELET By v h— e T Py Py OREEEL 4B &S AdEbA e



AT BHEZ AV D — « =T NIV Hikld Table 3-244 O 317D L Sk %, WEOLMIC L 5
MBZWET DL, EHOBCHEIE P & P QI 0.54 THh B0 L, HBHObLE4E
0.83 &7ch, &b lin s,

WHLEIE (o) % D1 OXNEWIEL LTE SV A=« =TT DNTRDd B &, L OE I
Xh Table 3:2.5 O X5t/ % (1.1 £H8),

Table 3.2.4 *
Position* ‘. P, P, P; P, Ps
Quantity of Air Flow
At A Punkah Louved 4 a,/9 ay Qle, a3 as/q, q qi/q, qs aslq,

mi/s

111\;2 Balencing Resista- 0.0130 1  0.0096 0.74 0.0090 0.69 0.0080 0.62 0.0070 0.54

With Balancing Resis-
tance between P, and| 0.0130 1 0.0130 1 0.0129 0.99 0.0119 0.92 0.0108 0.83
P,

* cf. Fig. 3.2.4
Table 3+2.5

Position P, | P, Py ! Py | Py

O S I - P - | Ce
. : ffi- Coefhi- | Coefﬁ l Coeffi- ! Coeffi-
Quantity of Air Coe ) ¢
c1ent Vol/ _{ clent Viof , cient Vogf: o | cient |Visf cient |Vs/
Pﬂﬁ:‘h ALtofvre mé/s o Dis-. Vo mfs of Dis- Vi ™/ of Dis-! V01I mfs Jof Dis- Vox‘ ™3/ lof Dis- Vo
|wcharge i charge ‘ Icharge .charge chdrge

L |
No Balancing g 4139 1.9 1.00.0096
Resistance |

With Balancing i ! ' ) ‘ .
Resistance ~ 5 0130 1.0 1.00.0130 0.94'1.12 '0.0129' 0.741.160.0119 0.601.19 0.0108' 0.501.19
betwean P; and . o : |

Py L | L

|

0. 830 8250 0090 0. 680 840 0080 0.560.8250. 0071' 0.470.79
! i

* of. ﬁig.3-2.4
DEOFHFERED, Svh— =T AEEEF 7 FICHEEE & D D DA ORIk
m,X%jmwn/ﬁ—-»—7»&&@%na®m:*wﬁmm AT D & XY BaecsT
Tebty, USRS LTI LVWARIBE R E LV b D EE 2 b 5,
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B

?Ejjgv

3 BRI BRI CH -,

ZDMWSIT N, B R0 X BAHWiE X frEic kT

LI KEEE Vil Hovid Ve bk, BE@ACK (1) ok SicEbsh s (Fig. 4-1-1 i),

Vi’ [Vo=Kp/X'|Do)=(K*+L)[(X/ Do+ L)

HBHVIE, —ICERR S LTY,

2L,
Ao

Vx,

Vc:

Vi Vo= KI(XID)=K[(X|/Ay) e 2

=efle, /RN, F/ MVEORMOERE, Y7« 2R

WH B OYE OFEIRERE R (m?)

D W R AR (m?)
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X ARERE R S08EEE  (m)

L 3300 K* (L7chi-T Ky), 72013 K O oo, Bz s - TE%h, K&
RO BILD, L=0 eoiEX (1) & (2) E—FL, Ke=K*=K Lic5%,

Ky, K¥, L, K Ig 3RO X 5T LTRkDONS, Thbb, & (1) 202027,

Y(Vx/V)={U(K*+L)XX/Do+L) e (3)

S DL A, X/Do ZRENC L D, BIEEE TRy b LTOHIGES Ui s5l< & &,
Y(Vx[Vo)=0 123513 % X[Dv=~L, ¥} Y(Vx/Vo)=1 123517 % X/Do=K* 7 H5lE LD, L %
LU K* Offisiskes HiLD (Fig. 4-1-2 HB8), F/2, A X DEIEIET = o FITID - ThE S48
I, i L=0 &HIg Lot esiL, X (2) O BfELbt o Licind, Lios
- T, Vx/Vi=1 2k 2 XIDv=K &b, K Offiniz bhd, Klxsi—ir, WoX5i LT
Rdoh D, Thbb, R (2) OBRL Y, Vi/Vo 350 X/Do 3 Rz i, Fig. 441:3 @
OB DML ILD, TNED Vi/Vo=1 125135 XIDo X HeNE, K DN

s,
S, _\_X_ _
. d x!
L i %
- E ' %
.4 : \
¥, i N
g i \ :
L % = L | X
% = ! N
x/x = ! *
T 3 :
3 / :
= | x% ! Ldd oy NN
= s
< x /% )
Ke=L+K
Fig. 4.1.3
1!
4
R 0 . I ) I ’Vx' ”&1% 2
i x/0, ’<bﬁ z
Fig- 4+1.2 ]————'X' X
(a) (b)
Fig. 4.1.4

WIRE T = 7 ¢ A&, WA SOEEE X, dubiis SO » Offodilys V L 1T,
X (@) vkowekbang (Fig.4-1-4 (a) ),

V=Vxe® (4)
72i2L, e BARERE, BAEFURUHSRIC DT
a=2KAX* .. @

Fie, BEFERBLGICOWTEY,
V/Vo=x/<eer+a >/2 > ( ?/+b yc—Zb )/2 """" 6)

722U, @=+caa, b'=~cab, ca: §iRIGEE, ¢ TN FOEFHBERIT BT 5 EBREKS0.8,

erf9= 7=\ ehds BERSEEDT (Fig. 13 () S,




2B OV, BOKHEEE LS ORIER (7) TEbIh D,

Vx[Vo=K[(X/Hy e (7)
L, Ho: WO OWE (m), F7:, 7 A7 FHE m &3hid,
Vil Vo= VK Tm X &= VEa XD e ®)
4-1-1-2 B R W H A
Fig. 4-1-5 (2) DX 12, BRI 04 — N
SORHAFEICH - 0% e 5, Pl [ .
R (R, Z) 20T, WES BT g '
9 DXHICKLINBELDET B, @)
V=Vge @124 E-Ry: ... (9)

il, Vi (R, Z) & B 5080,

Ve: R R BRKERE, a, R WK Ii AnYn ﬂﬁmﬁv’vv
! He Vo ‘ ié—e‘ 7
DDIIRIC X - CTE £ B8, —J——/L:f T

Fig. 4-1-5 (), (¢) @ X5 iedpiEmiim — Re
DY, WO E ORI Ay, EEE Vi (b) te)
&L, BRI » TR o 72 & X, Fig. 4-1.5

MNDREES He, WIHEE Vo CTH5HET 5, HHICET DHFENAKAECELL, CORCEND
BRBILN DD & T,

Voe=Vo Ll (10)
L7edio T, EEED &M DD, 2eRH=Ax, 35V,
H?/‘\/AN '\/AN/(ZTERe) ...... (11)

BIRKIBEHIC DT, Koestel MBI L7405 (1-1 @ (7), (8) M) oz (10) o %
LT,
Ve/Vv=/ KH(KH,+ R)I~VRR=Ry) e (12)
Ro HFophEn &,
VelVe=KHJR e (13)
TR, KHe: (AR (R) 2 Dl > 7o RO — @M 08 E, Ko RN A m—2
N (13) EA

VelVo=(KH/vV ANIRIVAY) e (14)
K (4) BEOHFIIR (1) k), RPOMSBEEOE SRR EEZONE, LSBT,
Vel Var=Cs/(R|/ Zy) C (15)

7eil, Ci=KH|/ Ay=KJ Ay/(2nR:)

4-1-2 EFWHALC KIMHTIRBEET IS PEHICDONT
4-1-2-1 HeEIERR X UERF L
Table 4:1-1 35 X F Fig. 4-1:6 BRT X5 AEET A7 MO EFEREAZANAD F . /o3
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T e T L
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1 i
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Table 4.1-1

Ope.ningisﬁize N Size of Chambers

Notatlons of pre \ Aspectiléatlo | o o o Reference
AR 1 1 100 x 100 164 x 164 x 500 Small Plenum
AR-3; 3 100 x 300 327x 527 %500 , Large Plenum
AR-33 | 3 , 164x 364x500 | Small Plenum
AR-34 ! 3 ” 109%  309% 600 cf. Fig. 1+6
AR-10 | 10 50 % 500 164 x 1, 064 x 500 Large Plenum
AR-304 30 30 x 900 ” Large Plenum
I'_LMQL"i r_l-NZ,O__1 2
(Duct #/25mm AR -3 o
. o 100"%300 5
Henum chamber S
---ARJ 3
Test outlet & AR3 ;: ~§
< . 15 —o— Total pressure
fuct $200mm ] = Static pressure s
~a— Coefficient of dwdmrga/ %‘
Measuring space S0 ororction. ¥ 32
2 298
@ P e e DT NG
5 b4 e
b2 S
e | ———eee 0 M J—-—-——A—A—MOM
1.800M H P /.
2200 btoee ] | _ Ouant:.;y orard ”Qf
" i 07 2 3 678910///2/3
Faceve/amy Ve %
Fig. 4:1+7 Fig. 4-1.8

HEREEIL Fig 4170 XS T, BERF - V- IFROL 7 PNTYE F—EX 7 - A LTHID,
F . Vv ASEREE 4 RIBECIR D M 2R REET XD, £k XU F - v SN REZSME 6mme
DAEE AV TEIET 5, WHGUROBIEIT BT BREEFT (BigofE 0.05mm, $£& 6 mm)



LD, RERETFHERIIREE E U, WRHGEESE AR D 5~15m/fs & L,
4-1.2.2 iEUE%%%;U’%‘?&

(@) HHE, &Ek X OHm IR

SO, R ROEEEF = VoS & D IRHESURDEEIRIIDEE T, 132 A 82 ki & —
EEETRT . F =V SOREVEE THELQER L —BT 555 /M E W & X ICIEEE 715 0%
EHEC D, RIS S DHERMINZEAL L0 LEMEN, XD F . v SNAEE B X
DHREPRE c D3R E Do KANDF = vV U X DAFH XU ¢ DEZ K LizD2t Fig. 4-1.8 Thh,

(b) MR St O 454

HEATE, WL ATRE Ve=5~10m/s OAT, 12EAEED v, - B VERRH rrefs
e GLRTENTITA o720 BETR T 4 A%, 7A227 ME1 (AR-1) O, Ul X b
Kevre Ky VT, Koestel D3t (4), (5) X »Th< £bxhs (Fig. 4:1.9 ZR)

. AR-31 OEIiE Koestel OR EIHFTFL 55, BHBRHLKICH T2 Elrod ®R (6)

0 : 8
| : . .
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Fig. 41.10 (b) Fig. 4-1-11



EWRHEL T LV, ZhiE Ky B/NT7 -

Twaiedk, BxORIRMESRL 57D TH %

5 (Fig. 4110 (), (b) 218, #7 bt @ L e
(AR-3) oficis, Ky ik <, gk ] )k S
ARV OT, Elrod ORIT X BB E M D Ev— Wf %F N “z ety it
ST (Fig 4-1410), 727 bgpkE<, L O .\‘1/. ;

RO I & BIGAITIE, [FEOYRMS DX, £50% s*"?r——{ 4,«‘“ {,/

B OKE) oD, BIHR (EE) orh Y ' / ;
KDL LANCEBEAHTE B (Fig. 41-11 35 @ ]
XU 4L0BI). Thiz, #0xORIRFEN V[T v, 73
T LT B EbRE, O pistie, o« 0
O ST Fig. 4-1-12

%Zﬂﬁiﬁffﬁ’& ¢, HEER Do B XV A v —E¥K Ky, K in oW COMERKRIZ Table 4-1-2 0 X
5CTH5, ¢ 1x Vo=5~30m/s OFFATIZIE—ET, 20 EEEDEEICOVWTOTFHE L B,

WA SR LD EL B 5L, Dy i35 = v-OKRE WS (AR-3, 10, 30), Guided® o7 L
FLF 2 VAFEOFEOMEE XL —FKT 5, Fv0/hsnks (AR-1, 3) iTix, #HRAVN
T BDT, D X4 %RIAKER D, ‘

Table 4.1.2 Constants for Rectangular Opening

Coefficient off Equivalent Dia Dy cm Proportionality Constants

Notations of | Contraction § - S —
Type c Experimental|  Guigen L K* [ Ky ‘ K@) | K@) | K(3)
AR-1 0.677 9.3 8.9 2.9 | 3.8 | 6.75 | 6.0 5.5 [5.0~6.2
AR-3, 0.643 15.7 15.5 2.0 | 275 | 4.75 | 4.1 40 )
AR-3 0.683 16.2 15.5 1.5 | 2.5 4.0 3.65 | 36 |i, .,
AR-33 ¢Y) 19.5 — 4.5 | 1.9 6.4 (4.8) — 1 ;5'3
AR-10; 0.678 14.7 14.3 1.6 | 3.0 4.6 3.9 3.8
AR-30; 0.676 15.3 15.2 5.8 |—1.4 4.4 3.6 3.5 { :

Note: (1) Fig.4-1.13, (2) Fig. 4.1.14, (3) Guide®

BoJO®RE ERHEEBE ORI, — AR (1) KX - TX < ®bSh 5 (Fig. 4-1-13), EHA LI
K (2 KEHTELTELD (Fig. 4-1-14 M), 7A<7 MEI0OE TR, BLALB1IHER
(1) TXBEIWTERDINDH, 7 A7 130 DA, F2MBHS TELD (Lo
T (1) i Sy (Fig. 4-1:13 (b)), #E3 X ko K #fVTR 8) TXx<&bZh5
(Fig. 4-1-14 (b) #&H8),

Ky 5X0 K O, 7AR7 PEHBREL LD LGNNI DERABH BN, i F = v
DPNENEE, SBINETRD, 7TAXZ ME1BXCL 7 MR EDHEE, Ko, KITKEL,
6.5 HXU 6.0 BETH B, Fic, £/ MEME TR, L AFLIECT, R (1) OBTOR%E
BXh3, e LT, Table 441:3 DX S5 ITREXNS,
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Table 4.1.3
c i K
m=1~3 0.63~0.64 m=1 6.0
m>10 0.68 m=3~10 4.0
m>30 3.5

For Small Plenum Chamber Plus 6%

For Small Plenum Chamber Plus 1095
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Photo. 4.1 #A=22.5 Ve=10m/s
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Photo, 443

#=45°, Ve=10m/s Photo. 4¢+4 #=45°, V,=10m/s Photo. 4.5 #=67.5

Without ceiling With ceiling Without ceiling

Photo. 4+6  #=67.5, Ve=10m/s Photo. 4«7 #=90°, V.=10m/s
With ceiling Without ceiling
7 and V., denote angle between ceiling and di-
rection of discharge and \'i'{tu'i‘._\‘ at the outlet
respectively. As the ceiling a circular plate of

diameter of 1.2 meters was used.
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PN HREV, WTNSEM B, XL LR LS,

Table 4-1.4 Proportionality Constants of Pankah Louvres

Proportionality Constants
Types K Values from Guide®
L ’ K* K» | K(Q) ] K(2)
A-150 2.0 38 , 5.8 & 53 | 52 Nosel
A-115 2.2 3.0 ’ 5.2 4.8 4.8 Vo=2.5~5.0m/s, K=5.0
B-115 2.4 3.6 6.0 5.6 5.4 Vo=10~50 m/s, K=6.2

Note : Vy=10.65~15m/s, (1) Fig.4:1.21, (2) Fig.4-1.22

? ND TYPE Punkah Louvre | 20 [
; . o , NDTYPE Punkah loaver
with nozzle 7 '
0 x 10 with nozzle
/ osf p G
° 06 R oS
8 % R
~ g 04|
g l P,
X6 % -
3 x@ﬁ 5 02
~ }9 B3 X
~ 4 0.8
iz i
o o=V, : 975 [
Y- x= Uy + 10— s -
y/
4 ! 004 -
4 | -
1=36 =16 20 30 40 50 60
X/ Dy 20 -
Kp=52 o ) ND TYPE Funkah louver
’ 10 with diffusser
08
a
(a) o 3
20 T T T - T 04 N
1L ND TYPE Punkah Louvre - o A R

Ay
with diffusser % / B
16 010 e%}

'a o8-
wst-
e D
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W e, waw
X/ Do :
Fig. 4-1.24

S Fig. 4123 3 XU 4:1:24 i3 ND #L2v 5 —
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a=: 27 .
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Fig. 4:1.23 (b) LB (L=0),
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(@) PEEE

TAXZ ML, 938 XUHI101T-0%, Table 4-1-5 iR+ X 5 A EEOBIE LT >, TH
R—VOKFEED 2R E 7 2 TVT, BFECATE~—Y, TRCEE<—v23db5, T, <
—VOEZIEHN1L3mm, <X—v «Ey FiI 13mm ThH5,



Spread Angles (Degrees)
Types of Test Outlets Aspect Ratio Sizes -
Vertical Vanes Horizontal Vanes
ARD-1 (0/0) 1 88 x 88 0 0
” (45/0) ” ” 45 0
v (60/0) ” " 60 0
” (90/0) ” u 90 0
ARD-3 (0/0) 3.3 88 x 289 0 0
” (45/0) u ” 45 0
” (60/0) ” ” 60 0
” (0/60) ” ” 0 60
” (60/60) 7 ” 60 . 60
” (90/0) " ” 90 g 0
ARD-10 (0/0) 13 38.5%x 498 0 0
” (45/0) ” ” 45 0
” (60/0) ” ” 60 0
(b) RS T
(i) & &

SX— VAKX LT = VASNRIEOL LY, HlxiE Fig. 41425 0 X 5T

A 0 2R TBHL

FULEHEHNT 5, X OURIIIKADIER O I HMEH OB BE 2 s, wWiho7
ARy b HOLEDITERRTH 55, & I (60/60) DL & Do & IFBHAAE L,

100

o
XS

S

,mm AZ‘
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2
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Fig. 4-1.25 (b)
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KHEB LAY, 3 ook X% HIL Fig. 4¢1:35 35 XX Table 4-1-8 WRET L5 Th
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1) 12
e L ARD-3
A 1o Ve=d5 %
=4 o/ [<Tis (4510)
Z =
Tl o, =0
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e K™= 08
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Fig. 4+1-31 (a) Fig. 4-1-31 (b)
%
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2
L ‘ ARD-3
* AV':? f)‘,_}i/s wr (0/s0)
10 (60/0) 3 sk Vo =45 "5
E\:S S; L
= L =62
g 4 K*=02
4 L =03 2 I;E ;ﬁﬁ
K= 10
2 Ko 13 " W BN
K=13 by
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Fig. 4-1.31 (c) Fig.4-1.31 (d)
Table 4+1+6 Canstants for Vane Grills
Equivalent Proportionality Constants
Types cf Dia
R .
7 Dy (cm) L K* Kp K ‘ecg;g‘g;e“
ARD-1 (0/0) 0.71 8.4 2.8 3.0 5.8 46 | (5.0
7 (45/0) 0.62 ! 7.8 4.4 —1.6 2.8 — (3.1)*
r (60/0) 058 ' 7.6 4.6 2.0 2.6 — (2.2)
#  (90/0) 050 | 7.1 2.4 - —0.8 1.6 — (1.8)
ARD-3 (0/0) 0.58 13.7 5.6 0.6 6.2 5.1 (5.0)
v (45/0) 0.58 13.7 3.75 -0.8 2.95 2.8 (3.1)*
” (60/0) 0.57 13.6 0.3 1.0 1.3 1.3 (2.2)
” (0/60) 0.56 13.5 6.2 0.2 6.4 5.0
” (60/60) 0.50 12.8 1.7 0 1.7 1.5 2.2
7 (90/0) 0.50 12.8 0 1.1 1.1 1.1 (1.8)
ARD-10 (0/0) 0.65 12.6 — — — 4.4 (5.0)
" (45/0) 0.63 12.4 2.8 —0.5 2.3 2.1 (3.1)*
" (60/0) 0.61 12.2 1.4 0.3 1.7 1.6 (2.2)

Note : K Recommended, for Spread Angle of 40°
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Table 4-1.7 Spread Angles and c¢f
Spread Angles cf
(0/0) ~ (60/0) ~0.6
(60/60), (90/0) ~0.5
Teble 4.1+8 Sizes of SRD Type
|
. Neck Dia. Internal C Dia.
Sizes belc(m:) n er?)az (n‘]’;‘f) B D3 (mm) Dy (mm)
SRD-3 76 138 153 174
7 3.5 89 160 178 203
v 4 102 219 235 280
# 5 127 248 270 290
» 10 252 454 505 575

(b) ERER (CRHMEITH 5 Kiw)

K/NOBEERMRE RIFEITIN D A1 T, RIFEITIA 5 QIR DR KR EE & BEEE OB R % L 72 DH Fig.
4:1-36 TH 5, ZOHEHAKDOE S, R=0 TR (14) T4k (15) KX -THEDEbh, I (15)
kTS C REIEE (Fig. 4-1-35) X 0skd5 & Table 4-1.9 0k 35icikcs, 7T, C IR

Table 4.1-9 Constants for SRD Type Diffusers

Cs
Sizes
Computed* Observed
SRD-3 1.3 1.3
7 3.5 1.3 1.3
7 4 1.08 1.0
7 5 1.18 1.15
» 10 1.3 1.3

* Sizes 3, 3.5 and 10 are geometrically similar.
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Lz#inT, 2200FRREH LT, X, Y, K, Di, Vi, dty, Vi DT rOEKRRD B, & O,
5oM5 2 5T, B 2OBEELLITTHS, Hlid,

ST HHEE Vs 2520, ZTEEYO K, Do, Vo, 4ty 72D,
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(1) FTNMESSG X OREE, X XU Y/X ofEx v, Fig.1-1-10, 11 #fAWvTC, S ®X
Ok wkd B,

) VE, BRERE Do k5 XOCRMEE Ve 2525b08T 5, Fig.1-1-12 2fFHALT, Do
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(8) Wic, Fig 1-113 %A LT, REAOMEE X (1, ¥ (2) X084 3) %55 (Fig.
4-1-38 £1), Fig. 1.1-12 THFI L7z Do (4) D& (6) 255, MUK Vo (8) & ST kD
b K (9) XD (D) BEE5, 6) & (7) RRECIREE 48 (6) HkE D,

b, Dy, Vo 52T, BENFIEDHNE (X, Y) KR HEKEE Ve 35 % bhvic HIT S
72D K B X0 dty 5kd =l Th 5B, D&MnRE 2 bt aRikic LT, 2 20RZH
TR D 2 DOEEND BN D,
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1) Koestel, A.: Computing Temperatures and Velocities in Vertical Jets of Hot or Cold Air, HPAC, June,
1954, p. 2 '
2) ASHRAE : HVAC Guide, 1960, pp. 269/70

3) Koestel, A.: Paths of Horizontally Projected Heated and Chilled Air Jets, ASHAE Trans., Vol. 61,1955,
pp. 213/32

4) Elrod, H. G.: Computation Charts and Theory for Rectangular and Circular Jets, HPAC, March, 1954,
pp- 145/55

5) Koestel, A. : Jet Velocities from Radial Flow Outlets, ASHAE Trans., Vol. 63, 1957, pp. 505/25

6) Koestel, Hermann, Tuve : Comparative Study of Ventilating Jets from Various Types of Outlets, Cas®
Inst. Teck. Reprints, No. 1055, 1950
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KOG SIREERIED AT L - T b s, @5
Git14+Gita =Gty } ...... - " T Oangar
Gi+G:=G;y 1 . ~ Heater T
ti+yts=1+7n)s + \%
p=(t—ta)/{s—1ts) e (3)
7RL, G G, Gs: TRER, 2KH3 EK Fig. 4:2:1

BIUCRAGRHZELDSE keg/h, 41, b1, ti: FALELQENThORE °C, 7: =GiG1 BolE*

LREL BT = =, P ARFRICHR T 24 Y 7« RGBT L 5,

BEEN DBIE © 1 RETITIHEERENA L0 AN, FBRNOHEHEEZ kD, Zh& ==, b
ARITBT DIEKIEE (V—F « 7y T2 X 3) b 1 KEADIBRAE L KD B, 24 1iTd
KEBLT, 2RBLAALA (FN) 3 XCIRARINEKOIEIKEE (QBEKEEEHT X 5) ZHlEL
T, 13, 23R (AR) BXCRAZELAD = v 2 L E% ke, BIEETIESY VT 2 1 AL HORIZER
DY EAERFERT S, INbXD, a4 LOBIENRITav R I L -7 77 27 EEKD B,
E, WKDORERA — A SAVREFHC XY, a4 AAARICHOKRRRTO X S mBEMT LY
BlET 5,

4-2.2 BARFRS| 2= MCTHIT B

4-2:2.1 BEREABFD| ==, b

B IR A= =, b OEEIMES L 557», Fig. 4:2:2 R+ X5 RERNAT GER)
D= = PEBELT, F (F =) ORE, 2KREKAD (HBIN) Ofiffts X USRI X
DIEFIEOLZ LR E DOV THS, #L, / Ak 12mmg, 5{@, R 0cm &35, %7,
BAR OB AL, ThENOEHEOMEDEILE 5T, 3% NnInCn TEDLT,
4:2:2:2 FHFRFEF|= =, + Ot

(@) F = v NOHE

F = VANOEEER R DD, F= v S EAPLEECHELL » 72RDOFT, F = VN

¥ ERALER 9=6G/Gi1=QyQ L BMUTET 2TV,



Pusitions @ @ @ @ @ @ @

I Type N L1 Cs ™
. — / Wider 3

Nozzle ¥
Tndtion qing To 01 Widih=0mm.0:4 Width=12mm | 7 7}
b Leth ofchanberCy X2 v 0005w T g g

83 o W 7 %

(o
N D

|
w

'
N

Static pressure dpe,mm A

T

! ﬂ?"“?j t s lsolws
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Fig. 4.2.2 Fig. 4-2.3

D5HiT LbRD, F = Vo ANOFHESTRE, BFIAOME R ICHEIIC XY, 0/ AAFER
X o TIEEICZ T 5, Fig. 4:2-3 138X NoliCs (7 RALLE Na, FSinofiE I, F =D
FX G, Fig.4:2:2 £1R) oiaic, ADERIC LD NEOZELT 2BIRETRTHDTHD, O
B, F oo v ADEXRTATHEL, REOFBET b SEENE S, Fig. 4:-244 B35 = v 23 5H
7w 100mm < LEAET, BNokEC LR 2cbDTHS (NaiC), HFIRAOKRE X
VINE 50 mm YT, FHAIBAKEWVD, BHFIOOEL TRAEDHENEI/NELLD, L

, W5, 6, 77RhVURTBEISVT, FHEOHXHEE, B noMESEFCHLLIEFE
K &7 BB A BN B,
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L /.t/zjth of chamber Cs A iz on opening O 2500
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Fig. 4.2.4 Fig. 4:2+5

Fig. 425 1X 7 RARAEIC X % 27 b 0T, REWICHESINORE L, k%X 50 mm G0
Girefilh L KES L2mm BOHACOVTHELEBCTHD (5= VB O, I 12
mm QL ECE, WINGF = VS RNEESRRE— R 5D, HRSER PR E R .
& 50 mm ¥, Fig.4-2-4 OEAD X SIS D5 HieRmTh, WHMEL TR 55 ES
e hnth L-12mm ORAD Thé I—BL, F= v SNEESHE / A IE2HERELE L
THREDT EHBDRB, LIAT, F Y DRI, /AAAPLOLAICE > TRESNS b
PEZ B,

(b) 5k

(i) BECXZIL



LIRESRI & B3R OZALIE Fig. 4-2:6 DX 5T, HBIE 7 12 LIREGRE @ 2135k
E<HB, LL, LOLLRIDTAT, @ DREVE LA TIHTE—H E LAt 5, NeliCs Wiz
PVT, LIRZELEE 60mih LLETHT, 1% 3.8~4.0 X 5h 5,
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Quantity of primary air Qi ™
Fig. 4-2.6 Fig. 4+2.7
(it) FBIInOfFEI X 5 a8
DRZEZE €=99.4m%h X 62.4m*h OYHITOWT, HIAOME L 5HDROIAL,
%% 7c D Table 4-2:1 (a), (b) TH% (Fig. 4-2.7 18, Q=99.4m%h DL, ff L &
KERL, WHCEBCONT 7 BELT 5, LT 2 ZAffiL ) 50mm BREiHIC 7 50k

EELL RV,
Table 4+2+1 (a)

——

Type o | 7N211C3 I\E}zcs VN213C3 . N IL,GCs
Induction Ratio 397, 3.9 3.62 ! 3.54
@1=99.4 m¥/h -
Table 4-2.1 (b)
o —Ty.per r- 1\}211Cs ] NI Cy N
Induction Ratio | 8.8 | 2.9

Ql=62.4m3/ﬂ

(i) F = v ORI L EPE
J ANPEITEWTF = v SDRE%E C, Gy, oo Cs DS E >0, BIER R % Table
4:2:2 WY (Fig. 4-2:8 B), » 135 = vIDRE G (1 RELRDIEND Ak 22°—H O
R AE—L LTS EHRE) DEERKERD, LL, BTHOF = v SNEHERE» S, X
Cs T D&, WEAMBECSWTRENADI Y, FTO7ORIA 7 U A D—Eh blix 2%
KBPSIENDEDOBRBD LN DB, LIhd-T, HHC2WERENHSWB| XN BEERICTONT
W, Gi~Cs DRIDFETEVTHER DS, —F, #X% G UTRT52 813, Bk

Table 4.2.2
[}
Type NI Gy NGy NG i NG, MGy
Induction Ratio 2.82 3.40 3.97 3.40 | 3.52

@1=99.4 mi/h



BOESLLBDTCARF)E V% 5,
BAE, 7 AMGE M T 5F = VS EIOBEEMDS, F v 3/ ZAnXio EXLT
325 mm FIHEABHELVE VR D, 7L, F 2 DfEX hJAAERRO 100 mm & LniEa,

Quantily of induced air Qz(m3/h)
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00 i ) ‘ 400
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Fig. 4.2.8 Fig. 4.2.9
(iv) IO OIEPLIC L B3

WA NDCs (Fig.4-2-2 BH) 2oV, BHNOARES Y 50mm f§s S Tmm EC LHEE
&, XOE|PIC X HFFIROLALE 57205 Table 4-2:3 TH 5, H3IEE, (@RS < LTER
EETICONT, WIS B,

Table 4.2.3

Width of Induction Opening (min) l 50 30 20 12 7

Induction Ratio 3.97 3.62 ’ 3.39 ’ 2.62 2.23

Q=99.4m¥h  Type: MLCs
DEoBthE, F = v SHIHEL 2 REGR (Q=7Q1) & DBIMRTEbLHIF Fig. 429 Dk 5
LY, ROV E Wk == b OFED AR AT % BB, 275, BHE
Aps i, M1~ 6K LV BEER 5, T, MR MACs 25T HkdTH 5,
(o) Hgeh oEhT
B C R IRt e v T, A$Wl—/b KR D 1 IREAE L0 2 RERD 5 1T 4 DEfiE
N ZRkDd D
FANBXCEGIN T ) L OGBS 7=6 (¥ 7 + VEIcHBEEDHE) LEL, 240
DRE vw=1.0mfs, 1RZELEHENELEDIRERY 10°C & +52 %, HRED 2 A LIRS ve
F LUK (SNARITH T2 MTD GHHECPEIRESE) T abT) 1Cid b llia ke 5, JHEk
DEHCT D,
Aps=§27;7~va"‘+éva2
Va=01/Ac
72720, dps: F = VoSNKHE mmAq, ve: =4 A U mfs, Qa: 2WZELH mih, A.:
o 4 AR m?,
DRERIZE T, dps, Q@ ITHHEB DR ANT, ve, Ae DERERD, & v 2T B2
PIEAGRI K 5L Ao k0, MTD Z2 D2 RELD S 13 L08R By (kealh) #5RE 5,
Fibb,



Hy=K-a-Ae-(MTD) e (5)
7oL, K@ 24 L OEHGRE Keal/m?hdeg, a: #EMHY Y OXAAONE
KXt aillzzv—1t - 74 vOrnbEHV, a=22.9, K13 1w=1.0m/s O L & DEZ{H
FLY, £7, LREXD ST L2850 Hi (keal/h) kAL %

Hi=cpey-dh@: e (6)
2L, e BRADEELH kealkgdeg, 7: HADILEE kg/m?, 46 1RELELENZE
WEDIHEZE deg, Qi: 1KRELE mih,

BEEEY A Table 4:244 127373,
kb, MID % 15°C3E<CIZED, a4 AHEBYKRE CTHUE, 2 WAEKIC X DHEES) (H))
Z 1 WELKDFN (H) O 2HBIREC T2 I ENTE, LT, AKEMEIIKE - THI%E 13
ETRBHZ ENTE S,
Table 4-2:4 Hy/H; for the Induction Unit

Va ‘ L5 | 175 | 2.0 23 25 1 3.0 I 3.5
4 | o0 0.066 0.050 \ 0.019 | 0.042 | 0.029 \ 0.022
5 5 0.875 0.82 0.66 | 0.67 0.60 0.45 | 0.3
e 7 1.23 1.15 0.92 l 0.94 0.84 0.63 ’ 0.51
a 0 ' 175 1.64 Lszo 1 1.21 0.90 | 0.73
= 15 2.63 2.46 1.98 2.01 .81 ' 1.36 ! 1.09
!

Note : @=99.4 mb/h, 4t;=10°C, H;=278 Kcal/h, Va: Face Velocity at the Coil m/s, Ac: Face Area
of the Coil m?,
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(a) ®REtOFE

FAM= =, + OWFERBRL DO HREN ORI LD, MIEEERFS = = o F ORGHEt%
WD X 5T 5,

(1) ==, O EHEDE LT, 11REKE 60mi/h (1 m¥min), 1W /“/\(D]\ AEHE 50mm
Agh &L, 1WREHARERIE, ALE LT, 12.0mmgx5 7 &5,

(i) 2WER/DHEIIREIT, LHEL/ ALEFFLOHATEE LT %,

(i) F.v-0EXE, JANERBIUF V-0 FX% 100mm iLE5EE, LIREXRD
PRY % 22° & LSS $ OO 275 mm 12 50 mm Zhnx/c 325mm %/ AARPE LD F =
vARAOETOREX LTS,

(iv) HBIREAREL L, Hi/Hi=2 BECT 57D, a4 AEEE Ve=2mfs BITIZRS L5
L, 24 ATHE A=0.07m? BE (K&&HT20%BEMEZLD) LT 5,

(b) AIEBHERFES|==, b

FIEOFEICS E TV, ERMIZESRS == PEEEL, MEL/cL D% Fig-4-2:10 (a) 3
X (b) KART,
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WEKD 2 A VBREN % 55, FASHENE, 2243 XOMKDBBRLAL X 0 kdien, WH DM
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BEV DT, ¥KilE X bR 2 R L,

KEBLBIC X B 2 1 VBRESI DA B 7= D3 Fig. 4-2:12 Th 5, K2 IFE 3 LT S EEET)
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Characterislics of cooling coils
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W 2 BB ONT, A3 « v kB Lk BEOME 2tk B Dns Fig 4-2:13 TdH
B, £V CRBIC X BB AREV E VRV, KEZLICE U THBZEEREHIT TS
B LN h, 5k, SARA e FVAERLHLT, 34 ABBIAVEETD, BB LE
mm%nétw,:4wwﬂﬁﬁmﬁmk%aw

Fig. 4:-2:14 3= = y F ODALNFCE T HIHEE 1 RE LR EORRERT DT, ARL /D
PP X 22k E &L

(i) FELMC I DEE

mﬂw&u1~,rm,H%ML1%ﬁm 1 RZET, A% 2 IRZEATET bcd, B
ATFOZEINCIS UT 2 WK DEGHIFE S & T 51V EMH X b H D,

i,iwgﬁwﬁﬁ%mT,W%aféag,%w@%x=0mnkw®,2&34»m%%
a4 L E LTHAL, 24 AKERE £=15.5°C, ¢T5CLB8PREND, ZOHEGD 31108
HEE N %KD b, ERICEF DA ADavrr 7 744 (CF) %, 24 VKERE ts

tw t/ 4
ts—_-—-‘-;—z ...... (4)

72721, twr: AEKE °C, Vv : =4 AHREKAOBIKREE °C
LTk S E, 15%8IiconT, CF=0.47~0.51, 2 58%BicoWT 0.37~0.42 L7585, Ha%
BT 2 LBEOTH 0. 4B 2 5 &, FMUELIHCKT 5 a4 LOBRES) HBITKO X 5iks (2
LT OV T),
Hy=0. 24 % (238/0. 865) x 0. 4(27. 0—15. 5)= 2305 kcal/h
1kZe4c X HEEsEE) Hy 13, WUIEBE% 10°C & LT, 167kcal/lh TH 205, (2T ¥ .
HiZCh s HHi=2 BEE B,

4-2.4 # B

(1) HFoIKia= =, ME, JBEEZRFC TR LAV T, RO JIEEEHICT 5l LT i
TRHCHTR I ~ABEDOL PR BND,

(2) af ATEREAED (Vak2mfs) KWEHTELE T, 2KELD L OHMAENE 11K
LWELROTNOR 2 BT 5 EMNTE, BVWHHTHEO L ORL b D,

(3) BFEHOTENE, KEDPLLEDID, 2WELD A RAL X - TP DEHITTE S,
LiedioT, BREHE (4:4-244 3I8) & dFxAbtTilE2 Do MET 0 LW
%5,

@) FElz= o b iCk BERSE, —BKHED S ) AL RS ThEFEAE HLLLEEHDT,
PR R E LT BT LI X 5T, NETHT HBEROHTZMENCT 5 EBHFETH B ((4-3)
&),

X 23

1) bW ELFEMASVFT e 7, p.110



2) Carrier, Cherne, Grant, Roberts : Modern Air Conditioning Heating and Ventilating, 3 rd Ed., pp. 365/6,
378/9
3) 1) o p.112/3

4-3 MEAESAKICKHTIHE

4-3-1 MEFIEOREITEMEET

4:3-1-1 fNERBEORET
BIEDOMEER 5, —BihsoB s 3% [URHIIRED KE X S E2IBR L XS &+
BERNRE L, 2o, ﬁm%z,MWM%m§%1®ﬂ4wf FRBIZDOWTYE
ﬁ%ﬁ?%é%ﬁ@k%é,ﬁ%%*b:ﬂ%%%ﬁbf&é HHRELTED RFIMRAD—E %
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Table 4+3+1 Example of Ships

Notation | Kmd of Shnps i Tonage
A Passenger Ship of Coastmg Service 2,800 ton
B Cargo Ship of Ocean Going 10,000 »
C Tanker of Ocean Going 28,000 ~
D Cargo Ship of Ocean Going 11,000 «
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, —ABDDLHEBKREL L 5T B, AHEIEDOWTDO—Fi% Table 4-3-2 1R, F7- Stk
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Table 4-3-2 Volume per Person for State Rooms (m?/person)

Accommo- B A Ship . _l_ Bil‘np b WC S}:ip D Ship I Ships
lgj:rtslg:: MaxMin !li\el;mc‘;f Me"lMax'Min blzrun;} Me IMax ‘Min :bl;un;f[M Mame 'ber of M Malein Me-
_ 'Rooms| | _| Rooms *! _| |Roomsk | | RoomsI |_|“ |_di
1 '38.215.3 12 24.528.914.6] 18 22. 7'79 114 5; 22 '31.631. 317 5 20 23.179. 114 525.9
2 9.5 4.6 2 7.118.69.2 8 13. 0|28 712,20 17 hadhn7 7, 8 8 '9.128. 7| 4. 6'12 3
3 8585 1 |8 5 ' ! 8.5 8.5 8
4 3.934 3 377166 8 '6.6 5454 5 |54 7. 1} 3.4 5.7
6 42025 4 3.6 ' | 4225'36
8 5.2/ 3.8 2 [ 4.5 5.2 3. 8'
10 2.252.25 1 2.25 2.252.252.25
20 ! ! : | o202 1oz | ' 9.2: 9.2: 9.2
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12m?, 4 A% 6m? 10 ARi#EDE 1la5~2m?, 20 AFIHEOSE 1.2~2m? BEL VL 5,
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Table 4.3+3 Constants for SRD Type Outlets

Size T ;Neckmlr)ga. D, _Interkgg (l?r()):]e_-ljﬁ? - ) 63 i G
SRD-3 76 138 0.65 0.6
# 3.5 89 160 0.65 0.6
7 4 102 219 0.55 0.5
” 5 127 248 0.51 0.6
7 10 252 454 0.52 0.6

Note : Size 3, 3.5 and 10 are geometrically Similar.
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Table 4.3+4

- Air Temp. in the Test . o i Air Temp. in the Cooling
Conditions State Room Ambient Air Temp. | (Heating) Space
Cooling 20°C 33°C | 38.5°C
Heating 20 » 18 » | -5
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PWLy 33 53852 0.1dB & LTk % & Table 4-4-1 DX 3/ %,

Table 4+4-1

R (dB/m) ' L (m)
0.66 8.9
0.33 17.7

0.16 -36.5

rDPED PWL: 1% 0.1dB OEETHRZD L 5Tk b,
PWLyey=PWLo+10log1e{1/(0.23R)}  «oeme (6)
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FORAEZ AT~ o LN ERKDI D D% Fig 444:27 CRLTH D, Fio, 4810 ORHESX
Fig. 4:4:29~4-4-31 O X 5Tdh 5,

DT X B8 — « LK, 10m EEOZNE T 10dB jifEE V. BEFREX, &
Forn LT 10dB §igE, EEEE, EET L C—RBERAEKSZEL TV 5, &
7z, i R T X BEHEOMEIE, - — B IO Y PR E ST TH B,

4-4:4 B

(L) Z@ERHP O L 5RAEFSHEEZAL,ICL, ENHEERT T 5 REOFHEOR
Fefi,

2) EEREAREZTOVWTIE, JZALE (Svh— e —TN) Bho bkl
Wieotvi (SR B, RHTEF 4 7 2 —FDETH B, £, /AL BIOAAVEICDOWTI,
CERABAN TR (/0 EER) ¥ 0 RBAEE 7~ « VBRND RE D ICoWT—87 5%
2, T4 72— ¥ REETEY) TEWTRLTLD I —F LV,

(3) R, —RE A XpE VIR E, EREEEOEVIEE, RS & BT,
F 4 7 o~ FROEA B b 7,

(4 FERHEO==o POFEAETE, FTLLTIRBIT2REBGLIORERSI LTS
DEVZ, 1RELZD ) ANTEDBEEILTLALHEL b,

(65) &7 FOFEEFE, HECOVTEIRIMBERL W, #oiiX 22hil@rikh REL,
RHIADPEDVAMIEVWSDER D, Lk T, £7 PRNEEEZED HEAITE, 27 PR
LORAZDERT DUERD D,

X ik

1) g3, BHE, B B FR, BOR ERRCET 547 P REORBER S ICET 5T, BRTNE
AT, Vol. 37, No. 5, 1963, p. 363
2) ASHRAE Guide and Data Book 1961, Fundamentals and Equipment, p. 212

3) Kerka, W.F.: Attenuation and Generation of Sound in Elbows with Turning Vanes, ASHRAE Trans.
Vol. 66, 1960, pp. 129/53
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4-5-1-1 #f =
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DEFHILLBMS <D, FEEIC DT, SROKMEEHE LIERHREI kD bhoob s, %
7o, BES XUSBESLIGHEL TV Z &4, T OO\HURMIC S JETRECHE T 5 £ MM
AR, KRRITIHAEL 7+ (R34 5027 1), dESIOCHIEEZOE, HES
~35m/s IZ3s1) DEPURI A KD, F, mEN2MEE L TET SN TW B4 AR X
LHEIMREOLILEEEPIT LIz D TH 5,

4-5-1-2 ik X GUEE DBEEN

HES LUSKEOHTHR S 7 + OENSHIE—MC Fig. 451 0 X S tifExh 5,

BEEN pr 3R (1) THEbIhB,

g—l:; ...... (1)
L, g EHOHIEE 9.8 m/st 7 BLROKEHR kg/m?

P BHEESN kg/m? HBVE mmAq  {: BIRERURE  EXOT

v: JPOEEE m/s
Bl2E, HEIZDOWT pr DRBFE LT (pu—po) ZREEE L (pre—ppe) B BYE L H
bbb Tiebb, (pv—po) WHEDAOLHOLDEEXETHY, (puo—pre) WEHFDEBLEN
1 (¢) CERIRILLDTHD, ZOEBRITENTIE, X7 FERFE TS HEE %2
5IE pr=prc—pro &b - THEDEFEN & L, HEEDOENIFEEE T3,

=L
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EIN : aa00 -
T 4000 «
7‘30'11 2200
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Pressure distribution 20+
Fig. 4-5.1 Fig. 445.2

4:5-1-3 g3k
PWRKICITIBEED L7 b (R4 T £7 1) BB XOSEEEZRV 5%,

(@) B &

BHEOHAKT Fig. 4.5:2 ZRT, HE 75mm O30 2 XK IOERE 125mm T2 Tli 44
DEIBEITIE -7,

* ARG TE
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(b) Bi—ghE

H—phEoptilihkz Fig. 4:5-3 TFR¥, fIERERE 125 mm, ZEE (R) 1k 1.0d, 1.5d &
X*2.0d O3FEET 1.0d iZ~7 LiED T L.5d 35— R, 2.0d 136 ¥~ 2 Th 5,

() 2Ex90° gh%y

itk z Fig. 4-4-4 1R, 2{HD 90° fi (R=1.0, Lff 125 mm) oMo I %% %, i
EoMAwE SEEHLE TS,

A 8 ¢
d=125mm e _‘__R T
R
{
> R=15d
Riser
Fig. 4+5+3

Fig. 4-5-5

d) ZilsE
oIE OftElRE Fig. 4:-5-5 Wiy, EEBAERS 125 mm ZIHRERE 75 mm TSN HI/NE

LRI DLV IVED L EETH 5,
4514 ERRET

Duct for measuring Static pressurs 733 /33
R —4-”94444 S0
X Plate fan G &3
12000mm  —rl ) g F
S|l
Flenum chamber § §
Pipe for measuring ;*E SRS
Static pressure T =
©p Aitot t/tbeis\ 17
Duct for measuring static pressurs [ .
- S s
iy X 3 X I ™~
ll._,!/..l.u +—,-J.l+n-§--—’§'—4d~—|

' 4400 i

0':

Fig. 4.5+
GiERUEE % Fig. 4+5-6 iRy, EEBL VAR L7 P NITED, BFHF - V3B ;U{‘[L_E;‘JEU
FERL 7 bEA~T, A7 v ERT S, mEFEEE, EEBRAMCEMNT L Vit X B,

Table 4-5-1
Plate Fan Static Press. Flow Rate Rovolution Motor Qutlet Dia. Inlet Dia. Number of Vanes—
mmAq m?/min RPM Kw mm mm
290 40 2880 3.75 180x180 200 12
Pitot Tube | JIS B-8330 Dia. 6 mm
Manometer I Gottingen Type, Reading Scale 0.05 mm, Max. Scale 500 mm
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BB A 7 bR 125 mm BT ISIE X 0.5 mm T b —EHAILERI TH D, HHE
s ootEirx Table 4:5-1 ORI TH 3,
4-5-1-5 PlEHME

(a) iEBEIE

MBRIEN L 7 MIZE F —EEHAL, EREESMMZEE L TRE %KD, FoiuUs & Wim
Tk & ORIRE KD B, B4 QRIEIT 7D THENPLERED 2 & BT 5, ST OTRR
SEVR AL AT JIS B-8330 (1960) DA Y 7 ¢ A RWATT iRz ke b,

(b) EHBEE

TR B OFEICEEEE 4d T L AEOREIL (B 1mm) & S, 4{EOFFESLIL EE
LT, ¥y Fvy vEBRENGHCER L, ENEHHI S,
4.5-1-6 PIEFSRE

(@ B &

HEDHEENIR (2) TEHLINDHIDET S,

pr=ll7 72—7:; ...... 2)
KL, d: BEEOHE m
. EEORX m
A EEESRBURER T

CEDENDED 1 4l% Fig. 4:5:7 IR T, HEOEEEHRE 2 BGckmn 2 & e L
TENGEE o/l &b, K (2) iTXY 2 ZENT 5,
FEUEIRGTAREL 2 &L, v— /v X (R) & OBIfRIE Fig. 4-5-8 L < Iin 5,

e d=%£ﬂ[ /d-l’zcztwmm i ' i IER T IStraght speral duict
i SR L I 7 A
FIAN o e, " | i%| | | o
N X a* < o5 st S
5.70 - : gg D 5 § P = 0002 7 75énmé
TS 2 é i § et o sopre]
S e 20 . « 007 > D AT O T
%50\\\ “ Fran E = O o At ;:0 =
4@ S o 0 k= T T z ]
S 005 f e
Q N N & -—1— t j,‘ A5 o
3 Wk S EInT 33
%;,;\*ts&\i l a0 HH
3 ams ‘ 8 SO [HITL
) Egﬂgg \J B of mesges dust W5 678900 15 2 3 4 56 g
0 = ¥ Reynolds number Re
@

5 & w W 70 B0 20

Fesition cm
Fig. 4:5.7 Fig. 4-5-8

(b) H—pgheE

B ORIEED 1 % Fig. 4:5:9 WiRd, BEREN pr (BF) %ok, Wy ¢ 23 Q1)
IWERTS, v— VR R LORGRERD DL Fig. 4510 O X H 12l %, R OZfbicxt
LT ¢ DERIFIEF—EEEZRL, R=1.0d OBEA130.26, R=1.5d 3 XU R=2.0d 0F&ix
0.24 Thb, 2hbE ASHRAE Guide (1960) @i B—ii%E DR & DIb#EThiE Table
4:5:2 DX 5TH 5,
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5 i bend Single bends
m?‘e on 201 & 125mm
4 et 600 X i5e
{Upstrean duc: M Air velocity -
. [pwnistream duct 4400mm 2 /75 s 10| A 20d
5905 S 5 =
N o /00 g
5 m—' _ g ‘5‘5 w 03
§ 2 Tpri15m
&
3 o o
: %E 03 oot Ro
10 ‘ -aenl 2 . EEER AT
0 ' L » |“ H- !
0 z 4 6 8 /0 12 ol L1l
Positions m 02 03 05 071 ]ﬁ 2 3 5 7 oF
Fig. 4+5+9 Fig. 4+5:10
Table 4+5+2
R | 1.0d % 1.5d 2.0d
L I - . _ -
[ (a) 0.26 , 0.24 ‘ 0.24
C ' : I . - [
IO 0.33 : 0.24 ‘ 0.19

() Observed Value (b) ASHRAE Guide, Bends of more than 5 pieces.
() 2Ex90° ghiE
2 B¥ 90° #i% o 2 D 35 X 0% © RIDIEE T OB A DIEBIRE C @ L& LT 2 i
DFh% Fig. 4-5-11 @73F, 380 2 B 90° fhE o 1 {HY » o\bitkik ¢ % Fig. 4-5-12~Fig.

rl'

2
, 0z
- ol a o AAs - [~Double bends of (1 Lype
071~ 1 x d: 125mn
03 o o & n0d
— ©O
— & o—ffoofoo—— o= x (7
23 - a (/5
05
< Duble bends off1 type N
o
02~ 4 : 125mm R
| R: 104 A
x = K- Xax
a/E a il J5d 02 o PN e Ho " S
7
ws a1 L1 i1t 1 Lt
i o2 03 0.507/.0123 5 7 10
NN i [IEEEE I Re
@ 0 05 o0 2 8 5 7 0 X
Re
Fig. 4+5.11 Fig. 4+5-12
124 10
gy uctle x5 typo g [Pt bendsaf 5 type
d: 725 mm | d: 25nnm —
ol R 0d | R: J0d
05
o [ jd o {3d
. X (7 . P x 7
03 a [ 15d % Kn 23 a //5d
ﬁ 6. Qe’m.. i L2y X AA ey L.
02 a2 °. o5 gaizs:_. .
01 ! RN I ! T a1 L [N ] ! v
07 03 o5 @ i 2 3 5 7@ oz 03 65 07 7 2 3 57 war
Re Re
Fig. 4.5+12 Fig. 4:5+13
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50 % Uy [-7%/% a,, 2.y,
P . EIE_D
4 9,0,
1 NEDY 2 Y T oy
s el %ﬂrm M = & 2| o Tapered branch
2 = T ~ i
Y ‘g — * =75 R=107 < X Straight branch
e Typof | Memsured| A
6 Jmk velue | _ito_ o p !
R
5 C', = = TR
p s = -01
z 3 £ 5 67890 T AW 02
1d
ol 02 03 04 05 06 07 08 09
u/lY
Fig. 4-5-15 Fig. 4:5-16
5+4-14 1T, ¢ LMi—dhF OBHREk C LolbE K &35, $7bb,
U=kt (3)

K 3T vbhig, ZOEICDOWT, RERMEREFROKBMND L 2T 5L, i
h OMENSED LN D (Fig. 4-5:156 B8), AMA TR, 2K 90°MWET [d>10 DEickvwCix
31F K=11t/ebd (L R=1.0d) l/d RO LT ogER K<L ¢, hgolaehbicto K
WEERAET, lld PN DI EXDENPKEL LD,

(d) ZiE

S ORISR T B X0 C 13K (4) BXOR (5) TRbEID,

v - =gt
[IERL R PrICT—zg‘ ...... 4)

. A srog’
I Pr:C% ...... (5)

AU B BEC Bro UGEEE XOSMHOEKEN  mmAq

vy ¢ SrlE DR mfs

Bk L KT IROHEOEN DR L D 4 BEE OMKEN % ke, K (1) XU (B5) i
XS T 3 X0 L RIS 5.

HHAFHEUREK € 13 Fig. 4-5:16 KRT T LK, BRA] WVEHAL) SXORRX] (e
H0) OHEEENL Vo/Vu=0.4~0.95 OFiT 0.001~—0.06 TH 5, ¥z, SESHHEEIGRR
{ % Fig. 4:5:17~Fig. 4-5-19 /R d, AR [ s L<, BR 1 oxhizfx<xp, Table
4-5:3 DX 5178 B, HIEHTHEFAE CIGEEEIC X DZHEL, Fhe, $OUK ] LBk T 0%

Table 4-5-3

4
Vs/Vy
Test Piece 1 Test Piece 11 II/1
0.5 1.35 1.20 0.89
1.0 1.90 1.35 0.71
2.0 2.90 1.50 0.52
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70-——‘( x $=B/0ur 100 - | T ———
0 o T=RAYYg ol : x 2=R/0sz9)
St |3 - l L o 2=R/uv/2p
> 5 o l i Qe =1 @527
‘\’30 ) _—b’a Z/l _ ala=] - \ : !
<ot 20 \ i % Ve Q@ /=277 30 . ; —

o 3
2)1 4 A Vi 'Q\; |1

101 \ <N |
& 7F 7 o
D < 3 - ! N

5 \
=L N =
~ }"@ x o5
< J = L ~r
< ™ K 4
[ - 3 N
o R NP ' -

x| o= 2 -
, | ATV W oy
ar 02 03 04 05 06 07 08 09 10 L iZ 13 M4 IS ; —T
U /b C ~——o-g
, , Y | \ ‘ 0/ 07 03 04 45 06 07 08 09 10 1] 1Z i3 /4
7 ] 02 03 04 o5 Ua /o
9%/ %
Fig. 4.5.17 - Fig. 4.5.18
i % 6 () —
" v
&
S 3 =R /U
i3 | o
s arfa, =1 . ayla, =277
@ 4
01‘ 3 é_
2 '—’/./ X’
]v'xx ] -xdgc_——. -
0
QI 07 03 04 07 06 47 08 09 10 11 12 73 14 i5
U/ Vi
(!7 01/ ! | ! |
, 07 03 o4 05
%/%,
Fig. 4+5+19

I TR DI D EE SR E I B &, LOEBFELL L5,
4-5-1-6 %5 &

@ B &

THAFEL 7 b (R4 T« £ }) OBEEEFHRE 2 OR—IFHRERIC OV TOMEIZ R=
3x104~3%x10° DHIFET, d=125mm ¥ L 75mm D& X 2=0.016~0.022 I L T* 0.021~0. 03
Thbd, ¥, EEOEMMEXE2H{ET S ¢ (mm) 13 Moody DEEREIZ L D3k S, #AEER

Table 4-5-4

¢ mm
d mm
a b
75 0.2 ~ 0.25 0.075 ~ 0.3
125 0.09 ~ 0.12 —
150 — 0.09 ~ 0.15
300 — 0.09 ~ 0.12

Note : (a) Without Junction (b) A Junction per 4 meters
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FER (@) BXOH EOEEREER (b) %ai% & Table 4-5:4 & nir 5,

EHIZ 75mm OHE1E 0.2~0.3, EE 125 mm LA EO#41E 0.09~0.15 £ x 5h 5,

(b) Bi—ght

By, —RicHy s Tvs ASHRAE Guide (1960) o i HEICIFIEEWEEZ T LT
V5,

() 2Fx90° HiE

2B 90° ghE b E OREREA R D 1050 ic e 5 &, 05 1EY » o EHEK S E—fhE0 %
NEFELLD, 10EUTFTlE, B—EForht v/ Mcik 3,

(d)  —AZTHBIE DB SRR E NI SIS HBRENCL 5, SE LS 2B/ N TS 5,
72, yETHHRRE NI L BLBI ORI S E TR Y, fNEORLWVIBEE Fhhh D
&, EEL ValVy 2% 0.2~1.4 ORITHEHIRK § HNEOLNIL 1.2~2.9, HEDOLIIL L 1~
1.5 &75%, BERRICHI NG & IV 5 LIERE N E L T B,

X Y

1) ASHRAE : Guide, 1960

Carrier, W. H. et al : Modern Air Conditioning Heating and Ventilating. Third Ed, 1959
2) BHIRSENE - BObKEE, WIMJVEBIEATER, o5 15%, 4 1424, 1959
3) HEZHE; BAURSERESHTE, F76%, 1962

4:5:2 RoHh—I—FNICEDRAEES

4-5-2-1 #f

RV A e = TR &7 FICEEB T 2 BAIE, £ rOEOREX, Bk, £ ¢
WERIDRE S LUV B — « b — T A DOREF T ED v 1 — o = TN DSFHER IR EIC 8 %
BRETDIOEEZLND, 5T, Rvh— « v— T A2 &I UCEMNG 254, KA
SIREPURHC s T BN TN Er R kb, COWRREREEE LTS LUEE
BN TEBREITEV, R EOBREZX L5 T540TH 5,

F’/gtgj 1;5;1 /E 200 /7?

Plenem chanbe) 81

=125

3900

Orifice
450450

. ) Duct for measuring
Duct for measuring Stetic pressure gy velocity N\

Section A-K
Gﬁa/ntlz?rf?rmazﬂ['fq,j‘tatictube / Fankok louver -l
quantityo Tr £ — —8+)
arflor  § | LR =.,~-.:-b}!xx*xle|!I- 0 =£L/

o £, 1 —_———
s 1500 0 % /35

+—g

Fig. 4.5.20
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4.5:2:2 EERILE

ERRIEE % Fig. 4-5:20 RT3, BRI 3 & 9 Lfiic 2T 4-5-13 LRI TH B,

(@) SV H— = TAEMNF L7 FIERE 100X200 mm? & 150X 200 mm? & 0 2 i, £
VL 1600 mm &3 %, GRARTERIC Rl —EOFESRMEH £ 7 b 2 iZkd 5.

(b) SvH— =T apE N8, F-2902 ik b A-115 ZAEfHL, 2f@DE Fig 4-5-20 @
Zr <, HAMEIE 300 mm, 600 mm 35 & 7F 1200 mm & L7z,

() WHEREILEEE 0.7 mm &L, Wit Lmm, L& 2mm OFE (J&¥ 50mm) %47 b
MM~V EREEEL, Shie T A EERESE LT, ¥y F vy VRIENSHCEL, BESRBIZER & 7
i JIS B-8330 (1962) ik HA4 Y 7 4 A (M 75mm, 125mm XU 180 mm D 3 FE4H)
BRI D,
4-5-2-3 BEF L

(@) MEOBE

R B — e b TARM OO ROLRE I 2SR BRI HE LT, ©OMEOREEES
10m/s, 15m/s, 20m/s LD X577 VIRAOK VA& FHI LT, 3EBEOHRELE %

(b) hEBlE

HEREEL 7 VICET THHE P —EAILE D € F — &AL, JIS, B-8330 itV i Nk
AR EREEIC OV THIE L, PR & LR & OBItRE RO TR &, B4 DRIEIC S - Tix
ENROEEDO L ERIET 5,

(© EHUREK

Fig. 4-5:21 D X 518 v b — « L— TN RLE LR, FRBlo L7 MBSk L v i — -
V= TN EOE, [UOREE, WEEEZENEN, g, vo, au, go, Vo XX ps, vs, as T 5,

Ryl o = TNVERFNT £ 7 FEBE (U-D) X Rvpn— - v— 7/1/0@:6 sy (U—B)
Wby AIEPRECR EIR S L OIS mﬁﬁ%ﬁ&WU,%n%h,Cﬁi§C&Ték%
- 1V
Pr——C—Zg ...... (1)
Vo?
T_cr ......
b 20 (2)

— A
LT b BRO pr VA7 PERECEEEE ML TR LTk B, (Fig. 4-5:22 £4H)
Fig. 4-5:21 {cH\WT U ORLE & 0 RCEBI T 5 BNZER £ CORKENL U Bk 5

|t for measuny Test duct  ~—=Duct for messuring—
v D static pressure Staticpressure
! i) &
v [ : 3 -
ggv *—— —_—— 1’9.;' § Al‘l’r— B
p’:v / \ Peny g /J
] | 3 2
V § AR B=PoPo
| a =, = ’ Pasiton of porh lowver
Pl
% ‘

Fosition m
Fig. 4-5-21 Fig. 4-5-21
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L pw WTEL,

pr=pw—pw (3)
7:72L, pw: D EEBIF LT
E70, 1OMEX DRI v h— =7 /vu}d TOENEHETOREENT pw LFFL,
Pr=Pw ...... (4)
d) W EH
B o 13—k (6) THbIh 5,
g=av=eave e (5)
722 L, D s m?/s
WH B A m?
v: gla m/s
vo=o/2gpufr : WRHISUEHENR B m/s
Po=rVo¥/2g : WRIBLAHENRER DR EE kg/m?

4:5-2-4 EEFER
RY = e =T K7 VTR RS A OSRIEIERN { X 4 %, £/ bW 100X 200
(mm)? XU 150x200 (mm)® D2FEHIZ X, vh— - L—T A REOHEFRAEE DR
TA% 90° XU 45° Lpithm, TR, BHMO 4 D2ORBHRIC OV TRD iz, $72, SV
© =T 24BEEE U TR Ao & ORI D RN X B IBH R O bR ke,
IEF N TIN5
£ 7 P IBUHT fe A O BB HIEDGE C % Fig. 4-5-23 WRY, BB
C = TADRIBH R DB VAL B LR gs/qe

# —
(a) S
N B — e =T

S RIRERE Lokt Loty —

Xz kL, Table 455 O X5zl 5,

(b) 2l S ISR I
. A A M AT e T , i . . A
RUT = e = TG G RS USRI € & Fig. 4-5-24 13753, SIS Cinsd T 5 &
0
one punkah louver Angles of discharge
O 73x200 duct 1o the base of puniah
20"
Z~ 0200 s 3 Table 4-5:5
- Duct size /szmML? 3
@ A % qﬂ/qU
~§ 05 | ot 100x200 (mm)? | 150%200 (mm)?
s . %—V/A/ X
& | 0.1 0.39 0.18
[}V a }(/ ,@ 0.3 046 0.36
/" @ J50X 200 0.5 0.49 0.47
[o]
0
4 05 0

Volume tlow ratio /9,

Fig. 4-523
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ZH),

FFiEds X ORISR OEEIIA K, BB gs/gr X DL LTET % (Table 4-5-6

Z For Punkah louver
o Angles afd:)'.‘schar{a;l
uct s5izes 1y the base of pund
OF < sox a0 nm 45"
o SOX20 ¢ 90",
o XA . 45 Table 4+5+6
A /OX200 90
35
= A
. 98/90 ¢
30
0.1 4.1
o
0.3 11.0
2%
/ 0.5 27.0
s a
<
T
*a
0 //
A
z ﬁA

4 a7 02 03 04 a5 06
Vlame foow ratio 3/%

Fig. 4+5+24
(© SV h—n—TNEMEET SEEOMERSTOWT
Fig.4:5:25 KRT X 5T, AvH— - A— T A 2 @EOHERE2RE OFED 5.25, 10.5 33X 21.0
f% (30, 60, 120cm) & LA DIRE b BXT b, &

N T . U
E pu 35 X0 pu 2ETIIE, qi—qs XD v h— - L S >
— %W ___
~ T 2B D DIREA, pu—pu XD 1 &2 LD ROE B A %
NS D

FERIRD NG, AV H— « L~ T A LEIZDOWT,

— A
(a), (b) HETRDISUMMIFRE C C 2HVNRIE, 2 Fig. 4+525
0~ 30
o ot j j Total pressure at thegpstream
Flow rate at the upstream olat pre 2
to twopunkak louvers closely beated o to twopunkah /Wg;’j’ dlosely leated V/x
(reter to tig £ 25) (refer to fig £ fon
do @r
v
K > >0
% i
"S o g A
s x 3
by % £ .
8 ?\ S
$ L/ g
y 30
$ . £
3 A Dt size I0x200nzt  Duct size 159X200mn’ ;E Quct size Ox200min®  Duct size /50X 200mt
o [=3)n O [=30cm § o [=30cm b /=30cm
X 2 d0 - 0. 60~ X ¢ 60 - Q- &
[/ /K] v v /725 Y/ v /20
: | | :
0 90 w 30 0 0 20

Calesdated fioy rate guby S ond of siglepurtalowver %

Fig. 4:5-26

Ctlgulnted botal  pressure pha byEant Eof Stle kel buver mndg

Fig. 4-5.27



BOLEORES KCBEENEHET D2 EMTES, HUICLS qo & pw &% BIZEMHE & i
UL Fig. 4-5:26 35X 0% Fig. 4:5:27 D X Sicie b, 1HFR—E%TT. Thbb, <vH—-1
— 7 OHERE 2K Uu@5%fh&ifﬁoﬁfé,Jﬁﬁh%ﬁ(%i@CﬁﬁwKﬁﬁ
BIBEDTNEFMUEE~TIVEVZ B,

(@) ERE

SNYH = e =T NE Ly PG P ORI o % Fig. 4528 ITRT. AV~
TN REEPERTET, RIEITHENHE LV ERRIND X BREVF - VoSt T 723
TOMERE ¢ T L THHM (4-1+4-1 BH), &2 HTITF B ORBRK o BRI
WX DRIY, MR gslge 2VNTI D LR @ d/NTIk D (Table 4457 £88), WH Hif
BROL 7 +~HEOREI DI,

© 40 [ Coef Ficient of discharge for I
}-- ol r
o 7 punkah lowver o l° %’b{f{ Table 4+5+7
= F sl
3 ol Volume Flow Patio Coefficient of Discharge
S 3 - ,/ o az/qu 24
bS] / Angles of discharge bolte
§ 2 - Juct size base of purbuh
fg : A/ ° ggxggg,ﬂ”; 45° 0.1 0.37
- fe) B °
S ° ﬁ%fﬁ% : 2. 0.3 0.72
a M *
= 4 0 0.5 0.90
b L] .l.,l T
K4 02 03 05 .07 2 3 ST 10

Volume f/owmtzo 9o/ 0
Fig. 4:5.28
4+5:2:5 F5
AEERFEIANIZ 35V TR OFIEAE S0 X vt
() BLBAFIEILRE C 1, FEUTH7 bPikds RORRILIC X DZHLL, #7 b (EHDEEE
%loum%mklé%§i¢ﬁv
(b) ﬁ&umﬁmﬁwcm,ME&mlbﬁmL,ﬁ&rmﬁﬁgﬁk;ow&ﬁmkxézj
I,
(€) MEMFRK a« BFELLT, MBI IVZHEL, £7 b, 27 F NGQTOEE S X ORI F
M X 2RI,
(d) v — =Tk 2 I LT B 2 SRS IR 728 & SRR 0 2
57,
(&) SV H— e A=TARRBL 7 MITEFS A ORRERIS R (D), R ©2), & 3), & @)
¥ X UF Fig. 4-5:23, Fig. 4-5:24 X DERGIRIC X o> Thko o b, i@ EH0E Fig. 4-5:28 11
kB EBTE S,
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