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Analysis of Radiative Heat Transfer
( 5th Report, Effect of Keeping Warmth for Field by Smoke Screen Method)

Masayoshi Kobiyama

Abstract

The effect of keeping warmth for field by the smoke screen method is investigated by the theoretical
analysis in this paper. It is cleared that the smoke screen method has the remarkable effect of keep the
field warm if any conditions were met and that there is the most suitable range of the smoke particle
density so as to use the smoke effectively. In order to make the effect of the smoke screen method sure,
it is necessary to improve the radiative properties of the smoke particle, to control the flow of the smoke
and to develop the smoke generator which can generate a large quantity of smoke and has high efficiency.

1. $AH%&

FEIEEZIKROBENE,» LK, BREFEEICETT2 28108 ) BI2EWOHET
Hb, ZDL) BRBKEIEIEL LT, KEOGEQED L8 L 2BEIESRE b A E % 8
BLTOC L3S, & OCRAOREIMEC, REOBEBHOES RS XD L5 %k

CREZLLLY, MBFXIMBELIH), FFLILREELH 2, —T, BIEWH» S
BB & FAENC R L, R, BTEHIE X OREEIIIC B 2 WERRIRE HFEL, ZOIRE
&0 RIS L B LFMIZERIED B XA H B,

FEOLDGHIRE E L TREAXRECEAR E 2B 5. BIE T, BEREIINE, B
WSRO EAH T b1, H%E TIRMREEE, B, EHE BUlokssE, @R, K s
EPRERLLDTH Y, FMECIEL TENETNERICHEIN TS

BEHEEIHERLEINT, HIAXHLVERER L 22 BPL, KEVEZRESE, =
U & - TR D RS L UBRMEAE OB H 2B &, b TREWKRDIBERET 2Bk
LHETHY, bHETREE:L LiZN, »4)E 2 LREL EOREHRAICHNLNT
&z, ZOHFRBHBLAMTH ), —EIZIZWHEBREZFRENLF) ) b L) MEER - T

(1)



390 B W B R
l/\z‘;)o
I L 557 (BRIE) SRIZRDERD HH> T3,

(1) R F OB BB RIC & 2 BEHREE DR

(il ) B FE A I U S L7z 80 & 2 sk
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@ EHORIERE R (55)
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SREBICEINES D, BRNBOBRENZMZERMOMES L UCFAREBICIVEZ 50T,
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D KREAB L OER T & HER & DBTHIIMFARZEIC L > THEfTLbILE T 5,

@ KEABLUERTIZH HEEHICH 2 BE CHIER & B FEREBICH 2D LT D, 72,
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W DIRESMOBEEERTHOHRER, B L RRAEGIIREEKDEND,
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5, A=D=0 t %, Licxt LR &G2#EET 2 &R (13) ~RX (15) D ARR %5,

—To——2L 16
T=To \/;pICI\/Kl ‘/t ( )
r272L, ZThUBEL=L(x, vy, t) ¥ 5,

(iii) HEHOBEEEL (X, v, t)
O EHAXRDOHEHEER, (T, e(To))

KRNI HRE O BIR & 70 B 728D, RAVBFERIEICH 2 £ T2 &, KED» LHETR DA
T OBHEARL, MERELZBHBOBELT5, KRB LR E, KRBDEEICHE
HL A BMEROME X S, Lzh'»> T, MEEREZ2RFEEL LT, KABOEMD
BHEFBEENTE TS, REML LD L TizAngstrom, Elsasser, Bruntic & 2 £E
KRV B DY, ZZTRELSBR LA L3N T EBruntic £ 2 kX% AV, Rfkag, be#%
WA L 2EE§ 5,
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R:/oT*=¢e;r=ar+brve a7

22T, ax=0.51, bx=0.066 Th 5. elx (HAl) KELAE (mb) %RL, JEMMIC HiZE
Toflie(Ty) LT 5.
® ERTEBORHBER, (T, C)

MR b A TR~ & 172 B — BRI TR TR 1 TR 2 L, TR — RS 2 & Rl —U%
WEAFRR ST, ZO—HEHEBET~E )NS5, ZOEIER TR AT
LFOREHELALTIENTE D, FOERIIENTFBOHRESF MO FEERL2 s T2 & X,
(kRick VKDL B,

Rz/O‘T“E ER
=[S cospavax{ [T cospavaxfar (9
= ["E3(0)dr 18)

22T, E (o) 3B ckRic LN EFES L, RN (19) Lokeosns,

En(r)=fol#"‘zexp(—r/u)d/z (n=1,2,-) (19)

Ev(r)==r—llzl+Z (-1 =

nEnii(7)=exp(—7)— rEn(7) (19)

70=0.5772156  (Euler NE#)

® ERFED LMETB OHHHER, (T, C*)
R T8 h b HETNDOHAEIZER FRBOADPITOMHN R L s T2 & 2k L K
HLN5,

Rs/oT*=€s

—af" [}[*“j°° £ cos 4 dydx] (20)

=Zj:°EAr)dr 20)
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@ MR EERT 5 HEEHEER, (T, CY)
BERL T8 D EE S IR E L TERDbEND,

Ry/0T*=0w
Z[f_jf_:o eﬂ_l; cos? ¢ dydx] . (21)
=2Es(70) (21)
(22)

~e” 1.87¢

® EBRTEOA AT ENSE MO EES D (ay, C*)
TR T OSGICEREIC AR L7z (R4 B IR Tl e, 370 bbasEeEic il L <

BEE L, MERTEZIKERE A% T EEBE kR ERLEN D,

Sy=e-arscH (23)
L7edin T, R (21) £ 3 (23) ¥ bkl k03t (22) & 52 (23) & DB & 0 7 12K & % 5.
ro=E3'( e2 ) (24)

(25)

Taysc*/1.8
2T, al3ERTE OB RERE (EEBRIBURED), v TolkERE, CHI(12) &
D3RO LN ERTOEFMERIBEL2TRT, &8, aldBR Tk E S8R FRERWE D

FRIMEIBAREIC L D B 5% L 5,
® HEEFERL(T, T, t), L*(T, T* T, C* t)
DO~DIz B TRD - B HEREZ BT 2 L ROBFBGREL, L 2155, 22T, %38

TR DETH B Z & 2T,
(a) B Z 5 S 2 WGaL(T, To, t)
L=Ry—Ri= (1 —&) R (26)
22T, RoFEEANES 2o km GRET ) »50BHE#ETHY), KRtk 2,
Ro=0T*(t) (27)

(b)‘k%@%b‘ﬁﬂ—i%é\]-’*(’ry T*7 TOv C*v t)
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397

(28)

h, ROFHEILLTDE R4:er<¥w{esRo+(eR+c?w) Ro*}/(l —&er) T e RRy &7
L%, EEAATL ) BRI L2 F 2, BB 1IHEICHL Tlies=&a=0, =1, R¥=
RobtBE, FE2HIZIIMICerIZRKELBEE L LT WI Ehbag=0 L BE, Ri=&R =&dy

Rk LTwa, 227, RoMIxkRizLk 3,

§=0T™(t)

(iv) HRER T D HH
REfttE oM REIRET (1), T () 3R (16) &R (26), 28)»HKE %5,
(a)BEZIS 2 Wins

C/T*+T-Te=0
2T, REIRRRICL B,

Ci=(1—e)oBv/t  B=2/(V/7 y.ic1 VK1)
(b)BEE 219 5HE

CHTH 4T —C,* = 0
22T REERRIC LD, F72, TIRRG)DHEE T 5,

Ci=(1—er)oBvt

3=(To+es+edw)Byt oT*

LD 4 RTREADEEIZE L 725K 5 HKERE Th 5,

(v )ABEIZEHT
TEREHT 3R Kb I N D,
T*=T*(x, y, t;C* L*, T, B)

IT Xy, tRMTEETHY, C LidkeEbEN,
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C*=C*(x, v, Qo Uy u) (36)

L*=L*(x, vy, t: T, ay, C* B) (37)
L7zhs-T, THIREEDEIN S,
T*(x, v, t: Qo U, ay, B) (38)

I TU oD DERTREBATE 54, ROREEFIHEMES L L CEEL bORK
R TRTITH 5,

m=(—2") (a ) (39)

Uo Yo

MER 2 IRt &5 A RN EL 2 L%, Qo w) kN2 B 28 E R L, yhHAORE
ESbyo(ZZ CRABLLOVBORELEL THHNTHEES, T4bbled2) T
at%ﬁﬁmmﬁﬁﬁéfu(é%ﬁ LN, COFEIEHEBEES B L R ES L —
BL, % ay B TFBOREITRN (REE) HEE B L, MHOMITIRIEIC 512 K
FARDRESLIME L 270+ 2 2 25TE B, T bb, B » BETMEES 2 5 5 EH T
b0, nr—5E, ThbHLRROKENS—ED X X, BES L HHBIESINC & > C—%iIC
WA 5N, IIAADEREALINE, Li2r-T, THIREEZHLIN, HHHMAE 2
ELRHEAICIRRAD EEINS,

representative direction

T*=T*(x, y, t ; O, n, Ty, B) z of £adiative heat
7z72l, C=C*(x, v | Qo/t, n) (40)

T*=T*(x, y, t ; I, Ty, B) :: T x
Rrel, C'=CHx, y © Qu/uo) m "

(or unit) length

2 ERNFEBORERRSZ
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3. EEAIE  DiRET

KEKEL PR, BKR (n=0.25) & L2BE0ES 2R, RFH & LTiE, BEEOH
EHIBET,=15C, 2B #B=3.70'K m?%ec'*kcal & |, BESIZHEEL L TCZH
NQo/W=1.0m% ayiId s [ *REER+*BELar=5.0 T xbbll=5.0 L F5, &8, R
41)nT,, Biz- v x—2% &1L, Ty=5,10C, B=1.85Km?sec?/kcal (k4% % { &ir1iHE),
7.40°Km?sec¥?/kcal (&4 7-fbH) ¢35,

3. 1 BHFORERH

R FORBRESA AR 3 IR T, BERKX=0, y=0)EEB L 0EOTHMEE (y=0)
THOCHIZNER & 55, ZOEHZHN L LCOEIZAEBICIK &b, 4-210BW TR~ 3
Y, ERLFRBONFE# L 1072 ECHF USRI RITH F V&, £ <ICn=5 X102
~10°D &F CTIIRIBMROBEMIZE L s, ZNLEDETIRBEOREMI &I REMNRD
BIMIEFETE L v, (n2 R (25) AW CCHIHET % &, =10"2TC*=0.0035 m*/m? 7=
5X107*TC*=0.018 m*/m? 7=10"TC*=0.36 m*/m*%%8%,) L72»'>C, EMICH LEA
NFEELKIBEL LOBBTOBRE LMRIEL VI3, ZOREMLICHEREBESROZ LH»E
EThHN, NBMcCngfmrEz, LELBECSMHEZHET 2 2 &, EE2 AR
T5ETUELZIETH S,

3. 2 HMHEBMEECET 5 HHEE

KHEDKEGE DA LOBHE & 2R 41T, F72, BRTFEDLHT LD RHE &,
B & B L EBEE & 2R 51277,

3 ERTRoSKEFMBERERENSH
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3. 3 HWRENEEDH

(1) EEEM
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(i) BEFOBREMEE L 5£R
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(iii) THWoOBYMECL 2R

BDEWIZ L 5 122 MEBEOMRENRESMFNEZRZFE 8 IR T, FX(a)izB=1.85°K
mesec?keal, EX (b) i3 B =7.40°Knesec?kcal 27k L, RiHIZIE - 7213, BHIIHL W12 15
BT AEOEIEI > b b FHETEERE 16 5 £ R (16055 BT 4 b b /mpr R
WIZITHBI L TELT B2 &b 5, Lz - T, LENBIHEEDIEFELHE L, —87%
REOHEBL VEENEMLFAALELLLEETH 5,

4. BIEIZ L ZFRIBEHROEUN THESE

F2ETRL 2 EREARENI IO ERE ACEEFE 2174 ) 22 TEFERANTIR
ZWnnT, AETIHEMURNIC & 2RIEBMROMES LRI L HEHELZRT.

4, 1 ERRIC L 2RESHNRDIMETE

(i) EHFRECET 5EUR
BHARENDORESAEE I ISR T, WMEE(2/20=0) EE2KREu(z) /uidiziz 1 &% 5,
L7zhoT, 22 Tiru@/uw=1, ¥%2bbC'=1/2 LiEMT S, ZnE %, R(1A2)i3KR
L5,
. _(Qo 1 S &
C(X”)‘<m) /ZFan)e“< 2aﬂx)> (42)

zz2T o (X)X (9)BLURA0) L VEESI NS,

(ii) MsHistEEnaEHR £ 001
KEAREOBHER 6,13 R(17), ERFRBDEBELIZR Lr
(23), BRI FRBOIFER IR (25) L VFTEL, BRFEOK L.sor
&b & UBHEGIIRDZHEAIC L VELT 5, 1251 ]
1 -
er( o) =exp( To1)—107° (43)
0.75 -1
Jd s
es(70) =exp(7o3) —107° (44) ’ 010
0.25
72770, 1, mslIRICE B, P Y
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T =—1.6278
+1.3544 X107 X 72— 1.5416 X 107" X m,°
—5.8505X107%X 7,3 +1.2117 X 1073 X 7,
+1.3552X 107X 76:°+3.9760 X 107 X 70,°
T2=loge (7+107%)
Tos=—3.2274 X107
+4.2168 X107 X 755 —1.0255X 107" X 75,°
—6.6243 X107 X 7,3 —7.0059 X 107* X 704*
—1.2245X107* X 70°—4.6866 X 107° X 75,°
+1.6380 X107 X 704" —1.3135X 107X 7°
—1.3139X107° X 4°
tu=log. (7+107°)

(iii) HREBEOEH ST 2:8URK

WREIREIZN(30), (32) D 4RANFEREZM Z ik VR LN 555, ERAMTIIZ W
NT, RET, THCHIMLE ML EiRb T 5, BEt BOBERTEZ ARTRTATEH) & L
T, T*#Maclaurin BB L, —kDHZF T2 & 5 LR UN) 275,

AT(t) =To—T(1) (45)
T*=(To— 4T)*=Ti(1- 4T/ To)" (46)
~T3(To—44T) “n

(a) BEZHS ZVHE
BONBRHELIZAR CEPTEZ Z &b, ATIZAM9) L RDbIN D,

L:(l_Sf)O-Tg(TO_LIAT) (48)
£ Tov/t
_ _ 4
4T 1+4f:1/t (49)

ZZT, LidkofEz & 5,
f1:B(1_Ef)GTg (50)

(b) EEZETHA
BOHBIRE LY AR AP TE 2 &0, EEROBERTEAT ()13 (G3) LEHL S

(15)
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ns,

oW K B
L*=(1—¢er)oT8(To—44T*)—(es+e: Sw)oT8(To—44T) (51)
AT*=To—T*(t) (52)

e e ARIVE
ey (53)
1+4fF/t

ZZ2TC, 6, LYIKROEE LB,
f1=B(1—¢r)oT$

(54)

f; :B(Es+5f 6W)GT(§

B, RA7)DEMIC & B FTYY BRI 3 FHOFHEE N THRAN —0.86%RETH 5,

I, EEIC L AREMROBELRT 20, KRS &) BHORIERE (REEE) @2
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1 (Hﬁﬂ/tx 1—e&; 1+MMt> (56)

QIFFE 10 IR T L ic, EBEZMX vk
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28—y FHEEIC L NRIBES N TV E 2 ER
FTHETHY, 0DHBAICIZEEOMEIZEL E
$, JEEZRES e WHIRIBEE & R —IRE & 70 5
ZEEBEWRL, 100%DFHE I I RIRRIRIT T4
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DN ERFRL TN,
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4. 2 FHI&2FBEDROHE

TR T OBE C* (%, v Qo/us, n), IEEERHOMBEENETEAT(t; T,, B) LU
BHMEOX, v, t;n, To, B) kL, 65 Lord pHMfE (FTrd) 2EHTHE, B
Mit, EEE Q/u, KANKEE ST A—Fn, HRENHWEmEET, HENBWMEBIC
& DWIER 2 ER L, BEENRHELZIT L, EELIZESET T CY, AT, @2k 5, $72,
FERL T8 O F R BE 70 (C*, ays) & C* & DEERRIC DWW T, BERLTJE O B RIS ay &
LR EER LA S, B, ATH) :OKX, v, OEFHVE LIEELTL > T b K
HOIREIIFESICHEL SN,

(1) wFEMDHROHEETBFAER
(a) ERTFOREC (X, v, ; Q/uw, n) iI22nT
Crresm R LI NWIELC* LT 5,

CHx, y;QO/uO,n):Cﬁer(X,Y)'<‘Q—O>'<M> (57)

Uo Gn(X, Y)Ref

22T, Che(x, ¥), (%, ¥, 0), 6:(X, ¥)retlZKHAUZ & B

Cher(x,y)=C*(x,y; 1,25) (58)
ey 1 R
o, vin) =" exa %0y (x, 1) ) (59)
0n (X, ¥)ret =0n(x,y; 2.5) (60)
72720, nOFBIZOWTFHN(42) 2 EHAICHW 20 ERBROENZ BLwTnw3,
(b) FEEEROMEHRE N FREAT (t; Ty B) I2on<T
AT # kR I NHIELATET 5,
AT (t ; To, B) :ATt (t) * §To (To) -+ dg (B) (61)
22T, AT(t), 6To(To), &(B) 1kRiz k5,
AT (t) =AT(t; 283,3.5) (62)
6T0 (To) :AT(lz ; To, 3.5) /ATRef (63)
0 (B) =AT (12 ; 283, B)/ATger (64)
ATge:=AT (12 ; 283, 3.5) (65)

(17)



406 o B R

(c) JEEICL2BHORBEMED(KX, v, t:n, To B) iconT
PP RRCLVBWELDE T 5,

@y, v, t;m, To B)=@n(wn) - ¢(t) ¢ (To) - s(B) (66)

ZIT, n(n), (), éro(To), &s(B) 1TKRHic & 2,

Dr,(70) =D (x,Y, 12; 10,283, 3.5) (67)
$e(t) =D (x,y, t;5X1072,283,3.5) /P res(X, y) (68)
$ro(To) =D (x,y,12;5%1072, To, 3.5) /P ret (X, ¥) (69)
$a(B)=®(x,y, 12;5X1072, 283,B) /D ret(x, y) (70)

Dret(x,y) =0 (x,y,12;5X107%, 283, 3.5) (71)

12720, nOBEBERIE, %(C*(x, v, Qu/u, ) THY, ChbnEHIZR(25)1c & 5,
(d) ROMEFEEE T (), T*(x, v, t)DEH

FRBERF OHKREIRE T () B L EEROMEIEET  (x, v, t)id, UEosdic kg
HEIN2zATH) L@(x, v, t) ZHVWRRICE VBRI NS,

T(t)=T,—AT(t) (72)

T*(x, vy, )=To— (1-®(x, y, t)) - AT(t) (73)

(i) REMREEETH>OCAVIEEES L UREENE
Chres(x, V) &R 111, on(X, ¥, ) Z2E 1212, »(C*) 2R 131z, AT(T) 2E 1412, 6T,
(To) BLU d(To) 21512, B) 3L ¢e(B) 2R 1612, Pn(n) 2E 17 12RT, &
B, BEEORBICHWLEERRLIICE EOTRT,

ERANTHPANTHIERICDOWTAS E, N L 2HIERIT X,y DED/NSLEBTKE L,
FRBHETHD, Tk 2MERRD LY, BICLARERIIKREVWI L0 DH 5,

F7, 1702 LY, EBRFREBOREESZ 102 REL ETAITUSHREMNREZS T ) &
<L ELIRT=5 X102~ 10D HF N Tl D AN AE S RIBASIROBEMIEZE L w25, 2Lk
TR DM LI REMRZIFL 2 W2 e obd b, ZHURBEMMERKIC & 2 B0ERk
MEDORELFHFHTH Y, LECLFHELES,
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®3 R & 2 BRBREEFEOHES

Ty °K 288 288 288 288 288 288 288 288 288 288 288 288
1 - 5x10°  5x10°  5x10°  5x10°  5x10°  5x10°  5x10®  S5x10®  5x10®  5x10"  s5x10'  5x10%
B *Kn?sed?/kecal 1.5 1.5 1.5 5.5 5.5 5.5 1.5 1.5 1.5 5.5 5.5 5.5
3 hour 6 9 12 6 9 12 6 9 12 6 9 12
AT, (Fig.14) 10.00 11.87 13.36 10.00 11.87 13.36 10.00 11.87 13.36 10.00 11.87 13.36
[ (Fig.15) 0.9222 0.9222 0.9222 0.9222 0.9222 0.9222 0.9222 0.9222 0.9222 0.9222 0.9222 0.9222
5‘° (Fig.16) 0.4805 0.4805 0.4805 1.4177 1.4177 1.4177 0.4805 0.4805 0.4805 1.4177 1.4177 1.4177
ATy (Eq.61) 4.43 5.26 5.92  13.07 15.52 17.47 4.43 5.26 5.92  13.07 15.79 17.63
AT, (exact) 4.24 5.12 5.85 13.43 15.57 17.63 4,026 5.12 5.85 13.43  15.79  17.63
e (Fig.17) 1.63 1.63 1.63 1.63 1.63 1.63 65.88 65.88 65.88 65.88 65.88  65.88
°:° (Fig.14) 1.157  1.066 1 1.157  1.066 1 1.157  1.066 1 1.157  1.066 1
oTo (Fig.15) 1.1039 1.1039 1.1039 1.1039 1.1039 1.1039 1.1039 1.1039 1.1039 1.1039 1.1039 1.1039
4y (Fig.16) 1.359  1.359 1.359 0.791 0.791 ©0.791  1.359 1.359 1.359 0.791 0.791 0.791
[ (Eq.66) 2.83 2.61 2.45 1.65 1.52 1.42 100.00 100.00 98.83  66.56 61.32 57.53
[N (exact) 2.70 2.57 2.47 1.70 1.52 1.40 100.00 97.54 94.29 67.55 61.20 56.70
Ty (Eq.72) °C 10.57 9.74 9.08 1.93  -0.52 -2.47  10.57 9.70 9.08 1.93  -0.52 -2.47

(exact) °C 10.76 9.88 9.15 1.57  -0.79 -2.63 10.76 9.88 9.15 1.57  -0.79 -2.63
€ (error) % -4.48  -2.73  -1.20 2.68 1.73 0.91  -4.48  -3.52  -1.20 2.68 1.71 0.91
121 (Eq.73) °C 10.70 9.88 9.23 2.15  -0.28 -2.22 15.00 15.00 14.93  10.63 9.00 7.58
T, (exact) °C 10.88  10.01 9.29 1.79  -0.55 -2.39 15.00 14.87 14.67  10.64 8.87 7.36
€ (error) % -0.25  -2.54 -1.03 2.68 1.73 0.96 0.00 2.54 444 -0.07 0.82 1.25

:-(TXI-TI)/ATI

FIBEDFEBITHNN=5%13212i3 XL Ym=16.7 A& /hour ¥ %%, Lizh'>THE
BRI % 6 m, MEERH % 120 & 32 &, Thao % 3ETHIRL 2272 HERT 3
121347 3,000 AREEN I A Y ORBEZ VELTEHZ L hbh b, TOMEIBEAENTIIL, &
RFOBSRENYE, ERTORESHOEE L AKBOER T2 2R E ( RESE 2%
BOBEL EBUETH B,

(b) B & 2IEEDHEH

BERFDBREDIBMTH S & L ThRFEMRE 52 25460, RIck 2BEN#ER LR 3
IR, ZZT, BF LIIEMERITIC L 24, RFLRRICL2ETHEZEE2RLTWS,
%8B, wKEL, BAVNIWEHAICIION 1 282 52 5B 5D, THIEIC&NEICER
LTBY, ROGRGICHET2LDTH D,

5. HEN &

B EEBICL, BIRE2ELY LT 200 22D E WD, KIZHONB WL DO

DEHFHLD L 5T 728, BENEBE~DERSLLTETHTE{,

(1) BERIIHZEUTTIHIZEALREDRIILC, FLETECLZOREICKHIL 2
BRI LA LV, L7225 T, D RIBICVELZEN FBENRIKEZHEL, %
DBEREICEBUCEZ SRTNETH 2, T2, EREFENCE LT & BENRTHE

(22)
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HENE D ST AP H B, ZDRe, WEFANORLELEOHEZH ¢ 2
EIERTH B,

(2) EOBURZFCERY S, BEML EnEEILEEINS,

(3) HEEHBORERTIEEZBELVWHAICEL L) KEWDT, EEELIIHRER
HENIENLREI» LD B Z LB ETH S,

(4) THEOEKEERERBOMKRERENE(MICKE LB 52 5, Lzh>T, HEHE
DIREET 2B Cledn R ED SNE B ZLITFRATS 5,

(5) JEIEIC L BRESEL LA D L HEROBEICL2ERB TV, LirL, TEHO#
PEIC L A ERIIKREL, ZORMBYIZEETH 5,

(6) BES X BHBRES Y ESERTHAEAL 2, ZOMEIFE—THIUTRIZFE—DE
B —RESEFD, EEEEFOFGOEMICHAT I, FRAEE L), $/248
EOROHEH), ERNLEHICHERHTH 5,

(7) BECYZHREMELZHIZLNOET B, ERTOBSRENUEE & bic, Bh
FORESAOGIE, BLUKRBDOERF 2 ER( RESELEEDHBILETH 5,

B A TRE, LF 5 —D2DHETH HBEIC OV THBH LT L1720\, B 21T -
TERY, BENLOBELZERICAN LTV Y, BENREIMRICE > THRAFZEL L -
IO b b, S ZBZUIEEC L ZREMRICIZETHLZNILDONH D E0b
ol, AMRIEHDECEHBEN—B E L NITENTH B, 4B, FHRIIBREEZ
5L, BEHERKRIC L 28EFSIR E L TTENLFAICLBIETE S Z L 2MHRL TB <,

FIFREED DTN - T, WEERHS Eok— EXTBRERRS HHHH, e
ERY BRELCHOERD L CHEB L URHORELZT, T2, BEMELERNESE
KEFHFIRE & OA¥REEE FLRE, AHE—, PEFIES, NEEZOHETORERIT
P HRELA, B, AR TUEE L 2 BHAO—IBIZIEM 55 £ b ER b & % vz,
TR EALICHBELRTRETH 5, (ABF0 56 4£ 5 A 20 H-ZH)

X ®
1) FRBERR N> F7 v 7RERESR, FRBERS Y F7v 7, (1977), 510, E&x,
2) KRR, BHBIRK BFRBEEBIRS ) —X9), (1965), 146, FkizHikR.
3) DEBIENOHEM L EHRRERR SR, SEH LML EH (K5ME), (B853), 136, EEANERILHS.
4) AR 13H 3%, LT, 9-2 (1970), 102
5) IiAFZ—, KABEHF, (1954), 86, HWEIE.
6) Pai, S. I, Radiation Gas Dynamics, (1966), 47, Springer-Verlag.
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Suspension of Coarse Particles with Different Diameters,
Hydraulically Transported in Pipes

Hideaki Yamagishi and Kyokai Okuda

Abstract

The results of model tests for suspension mechanism of coarse particles in the hydraulic transport pipes
are presented, continuing the authors’ previous report in 1979.

The pipe used is made of methacryl plastic of 52 mm in diameter, and the tested particles are nylon
spheres of 6, 8 and 10 mm in diameter.

The object of tests is on the effect of shear-lift of the pipe flow on suspension of the spheres with
different dimeters, since collisons of the spheres against the pipe wall will be similar when materials of
spheres are the same.

The results obtained are as follows :

(a) The more the dimeter of spheres increases, the greater the effect of shear-lift of the flow arises.
(b) Big spheres are suspended farther upwards than small spheres.

e R ERBE DK TS N % Kk S LB RO IRE S MOIFIERE 2, WEAHTE L THR
BRI BBAIT OV TERIICTHN 2, EH ORI —DBEE (6mm) TEEGRZLS
3O IF BRI OV THE L 25, ABEEFZNCHCLDTH b, HKEHNIR
7o TWT L MEHTE L 2 b B NEE L ORISR E L ERY LW EE L LNHDT, Filk
HZBEETHHELTENDDLT « )7 b5, BREDBVICL - TRY D0 L) »HHIRE
Na LI ICERLFELL, 2Oz, WES2 mm OKFET 7 ) VERIZ, BE6, 8, 10
mm N+ 4 vrER (BE:1.15) #H2icKTHEL, ZOFHRELZ > Fr—LTHIL
2k ) FNFNOFEREE KD, ZORR, HEEOREWERIIEKRELLT - )7 bH'5
2 b ICERIRIC IR %  ARRDIFIERIE 2 /R $ 2 L avbir - 72,

(25)
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II. fi# il

WIS & BERIEEH DO E 5 B TE 2 EXEIE mm BEDKE X0, BRIGRLTEO K
EOMBEZI DK 72012, EB L IIRBOBREENEZEZ 5D T % <, 2 DERDOEEEN
DEIEMHER 2 FHET 2 HEk2 A2, Bl B W CHIEZ 5 A L VBT 2 2, BRE
BLOBROMEBLERTEDL V) BT, T TRAENEEE S ROERBEN M 2R,
FNE N FEREZERL G R—EETHENERL 3 IBEDEREICH L TREH 2174 - 72,
FORER, FENEG5ZHHELT, >T - )7 eEEPLORED 2O 2HEL T,
FEREBOER Y R4, ENHEEEHROROEETELZ ¢ (v) & 3ud®

V‘é—‘;‘w ‘(1;"2 =0 (1)

I THEREDIITRNDERTELEIN S, YIRIEWMHEEHAEETH 5,

D=f (&, a, %, U)+fle, a V) (2)

A8 1 EE 23558 (Shear lift coeff.), 2 TEHIZBREERE (Saltation coeff.) TH 3, i
BOWRZBWTA, LOEERDL FITEL T3,

D=e&n*U/a+&aV (3)
z=y/a EH#RLT(3)RE (1) RRATT
& (2) = doexp (—z/Do) (4)

2120 @ EH, (=707 a (% EROYLE, a! WREFE)

¥72, Do=e&(l/y)+e&(y=V/U, V  EKOKEEE, U X)) TOFHFHE) (5)

ZD & iz L TERTFHRE & & BATRERE e fHlinMBEIC % 5, REE TldBkiE
DHEI/PEF AR VERERAWTST - )7 FOMREERETT 5.

m = BR

EBREBPRLICRT, TAN - %2723 02EEI8m b, BREEFIXFD STRED
HERED 0.5m ERiCH %, X+ ) THREDTWEN 2> o —)UE, F—s¥—-7m—~y
Frrrnmads, HEHORORBWITELBIALEZ S I LICE>TUTE ), F—r3—-
77— -~y FF7ORENEZR 2R Th b, BROEHBIIZA FHE » F 25 MEEHIC
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Hydraulic Transport of Solids in Pipes
Part 7. Flow Patterns of Sphere-Water Mixture Flows and Various
Factors of Additional Pressure Losses above Those of

Clear Water only
Kyokai Okuda and Hideaki Yamagishi

Abstract

The analysis is presented, which is on variation of the factors for additional pressure losses in sphere-
water mixture flow in pipes above those of clear water only.
The factors are as follows from the analysis :
(a) Rolling Friction of the spheres on the pipe wall
(b) Drag Variation of the spheres subject to fluctuating pipe flow
(¢) Mean Drag due to velocity differences between water and spheres in the pipe
Regarding a certain assumptions on the data of the three flow patterns, the results of the analysis are
obtained as follows :
(a) The rolling friction is largest in moving bed flow patterns, and larger in heterogeneous flow patterns
than in nearly homogeneous flow patterns.
(b) The more the concentration of spheres increases, the greater the effect of rolling friction arises in every
flow patterns.
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Study for the Wave Energy Conversion System Fixed
on the Seashore
Part 1. A Water Turbine of Savonius Type

for Wave Power-

Kyokai Okuda, Tomiji Watabe, Hideo Kondo and Kenji Yano

Abstract

The authors present the results of model tests for the wave energy conversion system consisting of a
Savonius type water turbine and describe in outline the test plant of the prototype in Muroran Harbour.
Model test results are as follows :
(a) The three blade Savonius rotor is more efficient than the two blade rotor.
(b) The rotor with two guide vanes attached along the turbine channel converts more energy than that
without guide vane.
Main specifications of the prototype water turbine in Muroran Harbour are as follows :

Water turbine : diameter 16 m
height 40 m
weight 1.0 ton
power output 2 kW
Turbine channel : breadth 23 m
Caisson : breadth 6.1 m
height 7.0 m
length 8.0 m
location —3.8 m (under water)
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An Experimental Study on Free-Convective Heat Transfer of Horizontal
Cylinders in Vertical Array

Ikuo Tokura, Hakaru Saito, Koki Kishinami

and Kazuo Muramoto

Abstract

In this report, experiments on the free convection heat transfer from cylinder arrays of 2, 3 and 5 lines
have been carried out to find the local and average heat transfer coefficients of each cylinder and average
ones of the whole cylinder arrays respectively, and also to clarify the dependabilities of those
coefficients upon both the flow fields around arrays and the geometric figures including diameter (d),
spacing (b) and the number of cylinders.

The heat transfer coefficients on the surface adjacent to the stagnation points of a cylinder were
decreased with decreasing spacing. The empirical formula was proposed to predict the average Nusselt
number of 2-nd cylinder (upper one) in 2-cylinder system, which also to be applicable fairly well to that
of the upper parts of cylinders in 3 and 5-cylinder systems when the spacing is large (greater than 5 times
of diameter). Finally, from the discussion on the average Nusselt numbers for the whole cylinder arrays,
the suitable spacing ratio(b/d) for a heat exchanger being good performance in heat transfer coefficient
and compact in size was found to be about 5.
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Application of Enclosed Air Layers to Thermal Insulation

Kazuo Muramoto, Koki Kishinami, Hakaru Saito

and Ikuo Tokura

Abstract

Thermal insulation effect has been studied for an air layer enclosed by surfaces with different
temperatures by measuring the temperature field in the layer and vizualizing the flow pattern in it. The
effects of numbers and locations of partition plates inserted to divide the layer were also tested as well as
the influence of emissivities of the surfaces upon the insulation. The ratio of overall heat transffer
coefficient of the enclosed air layer to that of the glass-fiber layer was approximately 0.3 to 0.6 in the case
of inserting one partition plate in the layer, and 0.4 to 0.6 in the case of two partition plates. Especially when
the overall heat transffer coefficients through the air layer decreased by one-third in the former case
inserting one partition plate and even by half in the latter in comparison with values obtained without
partitioning.
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An Analysis of D-C Machine Commutation by the
Eigenvector Method

Toshihiko Matsuda and Yoshio Suzuki

Abstract

This paper presents a method of analysis of commutation phenomena in d-c machines.

It emphasizes a improved computational procedure through the use of the linearized cemmutation
equation and the numerical solution by the eigenvector method.

In this method, eigenvalues, modes of the solution and exciting strength of the modes in a commutating
period are evaluated and these values give us the informations on the commutation quality.
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Effect of Pulsation on Solid-Liquid Extraction in Packed Bed

Makoto Akiyoshi, Koetsu Uchida and Jihachiro Sugita

Abstract

In order to study the effect of pulsation on solid-liquid extraction, the extraction of benzoic acid-

paraffin spheres was examined in packed bed by using water as solvent in the range 3.12< Re <111, 0.16 <
a<1.08 and 0.133 <1 <0.800.

The results obtained were as follows :

1) The effect of solid -liquid extraction in pulse flow increased by about 1.5—2.0 times in comparison
with that of steady flow.

2) The following correlations were observed between the mass transfer coefficient k., the amplitude a
and the frequency f.

at a<0.33:kioc(a-f)"
at ¢=0.52, Rep =32:kpocqg® 8t -f02!
at @=0.52, Rep >32:kioc(a-f)°
3) It is considered that when the steady flow is accompanied by the pulsation, turbulence is caused by

virtue of the pressure arised periodically out of the pulsation at the solid-liquid interface in pore of the
sample sphere and so the gadient of concentration increases and the extraction proceeds.

1. #&
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EHWAUCHRE), KB E 2B3BERE L EAMZ N TET IFEFRNAADWE H 5\ 13 #
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AWE TR, REEOMBMES L CIREFEOWEBEIC S LT THEEZANL 20,
TG % A TERER— 37 7 4 VWKW b DEBEBRAKIE 21T\, MM, WEKEH
JRF e CEE L, BEROEERPIC BT 5 EWH OfRRY & HBRET L, F 20k~
D—ID ERRWEB B O ERAD B2 RET L 72,
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2. REBHE

2. 1 KREREE

KBREEOMHE R 1R, FTEEIINEL4.0cm, HS 43.0cm DT 7 ) ALEREO L D
ZRWz, TTHEENICEBER 300 % FTHE L, 20 LT 2 RBEK L I1TEED 7 T 2Fk% 5 cm
TOFRML, REMROBE LR LT 72, BB E LT, RBEREIE~DORIBOMHE % B
1y 572000, WAL 724 > KRR L2, BT 2 EOEIEME T 30°CIcfR 7z Lz #ihs,
BEITH LT~y FEH S VIIIREER K 710 L), WG 2 REBCHEHL, FTHEECE
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T e

! sampited™ | Ao
g %o.;cr:‘r:g;er flsec™] 0.133 ~0.800
dplcm] 0.603 ~0.612

H [cm] 483 ~525
e[—] 0.420 ~0.466

u s[cm/sec] 0.0427~1.51

us[cm/sec] 0 ~1.04

Re[—] 312 ~111

Res[—] 0 ~766

Rep[—] 312 ~444
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RN DRI R ¢ 13, IREIFF OER RS OB TLHRE g5 & KBS DOEREE

LOMTREND, % 2IREVS DR KRB f & BHIRIE a0 TRE N, al3ENT
ONREN 1 IS ) DeBEMEHbbT, LI -T, ¢IRRTREND,
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Measurement of Drilladility of Percussive Air Rock Drill

Tadanori Mito, Yoshimitsu Kumagai, Yoshio Kagawa,
and Kazuhiko Sato

Abstract

A mesurement of the enegry transfer from the piston to the drill steel and the stress wave transmission
at the interface between the bit and rock was performed to determine the drillability of percussion drilling
machine. Concerning the piston-drill steel system, the energy of stress wave Es projected onto the drill steel
was measured and compared with the kinetic energy of the piston Ex possessing just before impact. The
experimental result revealed that E; amouted to 0.96E, regardless of impact velocity over the range from
1.43t0 5.99 m,“sec. On the other hand, the engry E, consumed to breaking rock was determined from the
relationship between the force applied to the bit and the penetration resulting from this force, then it was
compared Es. The value of E, increased from 0.29 to 0.36Es with increase of pressure of inlet compressed
air from 2.5 to 5.0kg,cm?®G.

The less value of the efficiency of energy transfer at the bit-rock interface is due to the fact that the
first two incident waves can contribute to breaking rock, but the successive stress waves can not be
transmitted to rock because of departure at the interface before the arrival of the third incident wave.
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Reflection Transmission

Coefficient Coefficient
a1z 0.256 Bz 0.744
an —0.256 Ba 1.256
@13 0.508 Bis 0.292
a3 —0.508 Ba1 1.508
a 24 0.416 Pas 0.508
cw| —0.416 | Ba 1.416
ass | —0.330 Bas 1.330
@s4 0.330 Bsa 0.674
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Predicting and Evaluating Draft in Summer Cooling

Hideki Kubota

ABSTRACT

A scale for evaluating draft in summer cooling is derived in terms of the Predicted Percentage of
Dissatisfied (PPD) by applying Fanger’s Predicted Mean Vote (PMV) equation and by introducing a model
of air distribution.

An analytical procedure to predict values of the maximun air velocity and also the lowest air
temperature in an occupied zone is presented.

Based on these techniques, the optimum value of a product : (diameter of the outlet) X (air velocity at
the outlet) is suggested for high sidewall air-supply systems.

The values of PPD for drafts analytically obtained in this paper are correlated to the values of ADPI
proposed by Miller et al., and it is observed that the minimum PPD corresponds to the maximum ADPIL

INTRODUCTION

This paper presents a guide for optimum design for room air distribution in summer
cooling in which the main problem to be solved will be dealing with local areas of
discomfort caused by excessive air motion combined with lowered air temperature.

In 1938 Houghten et al.? first presented the relationship between draft and the sensory
responces from human subjects. However, this relationship is not always applicable for
summer cooling, since the experiments in which this relationship was observed were
conducted at a temperature level of 21°C for subjects with one clo insulation of clothing,
while summer cooling temperatures are around 26°C and summer clothing is about 0.5clo
or less.

Rydberg et al®. derived an equation for draft temperature in 1949. As recommended
by Miller®,this scale now needs to be updated.

Miller et al®.proposed a single number index, Air Diffusion Performance Index (ADPI),
in 1964 which enables us to evaluate three dimensional room air distribution. Miller also
expanded the defintion of the ADPI by applying the new Effective Temperature in 1976®
and the Predicted Percentage of Dissatisfied (PPD) in 1975® so that the new ADPI
(designated as ADPI-2) is more closely related to modern comfort criteria. This method of
using a single number index has made a very significant contribution and has helped make
a lot of data available for practical use.

The present paper derives a scale for evaluating draft by applying fanger’s Predicted
Mean Vote (PMV) and the PPD techniques, and may provide another basis for the support
of the ADPI-2 scale. To provide a clear basis for this scale, a model of room air
distribution is established, after considering the most extreme conditions of the draft in the
occupied zone which are expected to appear in the region where a discharged cooled air
mass hits the subjects.

The analytical procedure described in this paper to predict both maximum air velocity
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494 Hideki Kubota

and air temperature difference in the occupied zone enables us to estimate both the
optimum condition for the air being supplied and the size of the outlet.

Our present discussion deals with a high sidewall air-supply system, however, the
principles described can be applied to other air-supply systems.

PREDICTED PERCENTAGE OF DISSATISFIED(PPD)IN AN AIR JET

An actual system of air distribution is too complex for direct analysis but by simpli-
fying assumptions an adequate model may be obtained.

Consider a system in which the following assumptions apply:

1. The occupied zone is divided into two regions : one is a still air region and the other
a cool air jet region.

2. The still air region is maintained at 26.5°C dry-bulb, air velocity 0.15m/s and relative
humidity 50% to satisfy the comfort requirments of normally clothed sedentary human
subjects (0.5 clo, 1Met).

3. Mean radiant temperature is the same all over the room and equal to the temperature
in the still air region.

4 . In the jet region both air velocity and temperature are represented respectively by
the highest and lowest values appearing in this region.

When the occupants take position in the cool jet region, they may feel to be cool. The
degree of coolness can be estimated by using the equation for the Predcted Mean Vote
(PMYV) proposed by Fanger. The value of PMV can be used to estimate the Predicted
Percentage of Dissatisfied (PPD).

Fig.1 shows the combinations of air velocity and temperature difference between jet
and still air for which the PPD remains constant. The analytical procedure for deriving
this relationship is presented in Appendix A.

1.0 T T T T

PPD = PREDICTED PERCENTAGE
OF DISSATISFIED

Q
>
z
'Z COOL~-SIDE LIMIT
g [FOR ADPI 2
9 FOR ADPI 1
1]
>

HOUGHTEN'S 80%

COMFORT DATA

0 1

-5 -4 -3 -2 -1 o
DRAFT TEMPERATURE DIFFERENCE (°C)

Fig.1 Predicted Percentage of Dissatisfied for
subjects in cool jet region
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It appears that the line representing the cool-side limit for ADPI-2 coinsides with the
curve for 10% of PPD. This result could support the basis for ADPI-2.
An approximate function for lines of constant PPD value derived by trial and error

is as follows:
PPD=(6vV,—0.15+ 4T;)*> (for PPD<30) (1)

whereV;=air velocity in the jet region, m/s
AT;=air temperature difference between jet and still air regions, ‘K.
The broken line in Fig.1 indicates Houghten’s 8095 comfort data.

PREDICTION OF THE MAXIMUM VELOCITY AND AIR TEMPERATURE
DIFFERENCE BETWEEN JET REGION AND STILL AIR REGION

The maximum air velocity and the lowest air temperature in the jet region are given
respectively as centerline velocity and air temperature of air jet at a point where the
centerline meets the upper boundary of the occupied zone (see Fig.2) . By assuming that
the drop of jet is not too great, the centerline air velocity at the upper boundary can be
approximated by the following equation:

V, :KPDOVO/XJ (2)

where V;=Centerline velocity of the jet at the point where the centerline meets the
upper boundary of the occupied zone, m/s
K =constant
Do =diameter of the outlet, m
Vo =air velocity at the outlet, m/s
X;=horizontal distance from the outlet to the point where the centerline
meets the upper boundary of the occupied zone, m.
The drop of the cool air jet was given by Koestel”? as the equation:

Y _4p 8B A4TeDo (Ly (3)

Do KrV3 Do

™~ Ve oTs |
\ I Vg, 8Ty ] Xz ‘\\\J >

XT ‘ — A
STILL AIR AIR JET /
REGION REGION UPPER BOUNDARY

OF OCCUPIED ZONE

OCCUPIED
ZONE

Fig.2 Schematic flow pattern in summer cooling
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where Y =vertical distance from the center of the outlet to a point on the centerline
of jet, m
X =horizontal distance from the outlet to a point on the centerline of jet, m
AT, =air temperature difference between outlet and still air, ‘'K
g=gravitational acceleration, m?/s
B=volume coefficient of thermal expansion.
This equation can be rearranged into the following form :

Do Vo _ q 1/3
e ~0.0246(——KPY> (4)

or

x:40.7( K(‘;Y )”3 Do Vo (5)

where q=sensible heat load of room supplied from an outlet, W

:cp%Da Vo To (6)

c=heat capacity of air, J/K
p =density of air, Kg/m?3.
Substitute Eq.4 into Eq.2, we have,
V,=0.0246K2° (Yi)m (7)
J
where Y; =vertical distance from the center of the outlet to the upper boundary of the
occupied zone, m.

This result suggests that the maximum air velocity is independent of the conditions at
the outlet : V,, AT, and De.

In a similar way, the lowest air temperature is given in the form of air temperature
difference as follows:

ATJ :082KPD0AT0/XJ ( 8 )
where AT;=maximum air temperature difference between jet and still air region, K.
Eliminating AT, from Eq.8 by applying Eq.5 and 6, we have,

4/3 1/3 2

ATJ:0.0365KP Y, q""s/XJ (9)

or
2/3 1/3 2
ATJ:2.21X10-6 Ke q4/3/[Yj (DoVo) ] (10)

The maximum difference AT, appears to decrease with increasing Do V.

From the results described above, the larger value of X;(or DoV,) will be recom-
mended, since the value AT; decreases with increasing X;, while the value of V; does not
vary with X,;. However, this recommendation is only applicable where the value of X is
smaller than the distance to the wall perpendicular to the jet or mid-plane between opposite
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outlets.

When the value of X; exceeds room length parallel to the jet, supposing the opposite
wall is not located, the jet comes into the occupied region after being disturbed by the
opposite wall. In this case, the maximum air velocity and air temperature difference may
appear near the opposite wall, and these values are approximated as follows:

_ 2/3 L)l/s X,
V,=0.0246 K, (YJ e 1)
4/3 1/3
AT,;=0.0365Kr Y; ¢**/ (LX;) (12)

where L= distance from outlet to the nearest wall perpendicular to jet or mid-
plane between opposite outlet, m
X; = in this case, an imaginary horizontal distance supposing the opposite wall
is not located, m (see Fig.2).

As may be seen in the above equation, an increase in X; (or Dy V) raises V; while
reducing AT,. From the standpoint of PPD, it can be concluded that the value of PPD
increases with X; according to the results of the calculations being made for PPD applying
the values to practical situations.

From the facts described above, we can conclude that the minimum value of PPD will
be obtained when we make the value of X; equal to the room length L.

This optimum condition is expressed as folltws.

q 1/3
(Do Vo)op: =0.0246 (W) L (13)

COMPARISON WITH TEST DATA

In Table 1, the analytical values estimated by Eq.5, 7 and 10 are compared with the
test data obtained by Nelson and Stewart® on chilled air projected into a room from
outlets of various dimensions with the same opening area. It gives good agreement between
test and analytically estimated values.

TABLE 1 Comparison between experimental data by Nelson & Stwart
and analytical values derived in this paper

Original Data Predicted Values
g\lfr::;ns ion X1 Va oTr X7 vz ATy
(M x M) (M) | (M/s) | (deg®C)| (M) (M/s) | (deg®C)

0.28 x 0.36 6 1.5 -2.4
0.40 x 0.20 6 1.25 -1.9
0.48 x 0.18 6 1.25 -1.9 6.3 1.5 -2.7
0.71 x 0.13 6 1.5 -2.3
0.917 x 0.10 6 1.75 -2.7

Do = 0.324(M), Vo = 5.0(M/S), aTo = -11.1(deg°C), a = 5.8 x 10°(W), Yy =0.8(M), Kp=6
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COMPARISON WITH VALUES OF ADPI OBTAINED
BY MILLER ET AL.

It is of considerable interest to correlate the analytical values of PPD with the ADPI
experimental results obtained by Miller et al®. As indicated inAppendix B, based on flow
patterns and data shown in his paper, the value of K; is assumed to be about 3 and the drop
of the cool air jet trajectory to be about 309 of the value calculated by Eq.3. This may
be attributed to the effect of the ceiling surface: a kind of Coanda Effect. As we have little
knowledge of this effect, we will tentatively apply the following expression as an equation
for the drop of the cool air jet :

Y gBAT,Do <__X_)3
Ds =0.42 K.V2, Da A (14)
where A =coefficient representing ceiling effect (=0.3).
This change of equation will lead to the following equations.
2/3 1/3
V,;=0.0246K » (?19)
=0.0397q*? (15)
4/3 1/3 1/3 2
AT;=0.0365Kr Y; q**/(A X;)
=0.20q%%/X, (16)

where Ky =3, A=0.3 and Y;=0.64m.

In Miller’s paper, the values of ADPI were plotted as a function of the ratio To,s/L.
The value of L (room length) was 6.1m (20ft). The synbol T,,s describes “the throw” of
the jet which is definds as the distance from the outlet to a point in the air stream where
the maximum velocity occuring in the stream cross-section has been reduced to a selected
terminal velocity of 0.25m/s. Based on this definition, the following relationship is given
from Eq.1.

KPDQVO :0.25T0'25 . (17)
Combining Eq.2, 15 and 17, we have,

0.25T, 0.25T, i
%= V,m - 0.0397?;2173 =6.3q7"*To.s. (18)

Substituting Eq.18 into 16, the following is given for AT; :
2
AT;=5.1%x1072q*3/To.2s (19)

The value of To,/L at X;=L, where it is suggested the smallest value of PPD occurs,
is given from Eq.18 as follows:

=% —0.16 '3, (20)
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TABLE 2 Correlation between ADPI by
Miller and analytically estimated

Xy=L
values of PPD o ;
Original Data Predicted Values . V O
E:g'd“ Throw aopr | PPD vy aTy O O
(w/SQ-M) Toas/L (%) (%) (M/s) | (deg®C) N
0.8 76 a7 0.44 =31
1.6 s 16 -0.24 -0.78 =
Toe 2 so
63 2.2 75 18 0.55 -0.52
1 SYMBOL W/SQ-M
2.9 29 23 0.73 -0.40
3.5 23 25 0.88 -0.33 (S JCE]
0.8 40 >70 0.56 -8.1 P vV ¥ 126
0.95 &7 | >70 0.56 5.7 Om 189
oV A
126 1.6 79 39 0.56 -2.0 N A 252
e ” 20 0.56 BRI OPEN : Xy < L
3.5 23 32 .88 -0.67 SOLID : X5 > L
1.6 72 & 0.63 3.3 o
189 2.2 69 39 0.63 -1.8 0 50 100
s 23 7 | oss | -0.7 PREDICTED PERCENTAGE OF DISSATISFIED (PPD)
1.6 67 7 70 0.70 =5.1
252 2.2 6 60 0.70 2.7 . .
A U A OO Fig.3 Correlation between PPD and ADPI

* ¢ Values of T /L at the point where the characteristic distance

of air jet X, is equal to the characteristic room length L.

In the case: X;>L
The following equations give the expressins for V; and AT;.

— KP DOVO T0425

v, L —0.25— (21)
K4/3Y1/3q2/3 T
P J _ .
ATJ:0.0365W =8.4x10*q/ (—ﬁ—z—s—) (22)

The values of V; and AT, corresponding to Ty,s,/L as tested by Miller have been
calculated and are listed in Table 2.

Fig.3 shows ADPI plotted as a function of the PPD value.
As may be seen from Fig.3 and Table 2, the maximum values of ADPI closely
correspond to the minimum PPD and they appear to be centered around X;=L.

CONCLUSION

1. A scale for evaluating draft in summer cooling was derived in terms of Predicted
Percentage of Dissatisfied (PPD) by applying Fanger’s Predicted Mean Vote (PMV)
equation and by introducing a model of air distribution.

2. An analytical procedure to predict values of the maximum air velocity and the
maximum air temperature difference between jet and still air regions in the occupied
zone was presented for high sidewall air-supply systems.

3. A comparison between data obtained by Nelson et al. and the caluculated values was
made and showed good agreement.

4 . The values of PPD, analytically obtained in this paper, were compared with the values
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of ADPI obtained by Miller et al. and it was observed that the minimum PPD cor-
responded approximately to the maximum ADPIL

5. For minimizing the PPD caused by drafts, the horizontal distance X;, from the outlet
to a point where the air jet centerline meets the upper boundary of the occupied zone, was
suggested to be equal to the distance from the outlet to the nearest wall perpendicular
to the jet.
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APPENDIX (A)

The following equation for Predicted Mean Vote proposed by Fanger was modified by
introducing linear approximation for radiant heat exchange.

PMV =(0.303e****™"p, +0.028) [—X) (1-7)-
3.05[5.73— 0.007- M (1-7)— P,]— 0.42[ M (1— ») —58.1]—
Aon Aoy
M M
0.0173A—Du(5.87— Pj) —0.0014?;]; (34—ty)—

3.95fci(te—tmre) — fehe (ta—t5)] (A—1)

where t, is determined by the equation

t01:[35.7—0.02751M;:(1— 2) +0.155Icxf er(3.95mre + het)]

/[140.155Iifei(3.95+he)] (A—2)
and h. by
he=12.1y/V (A—3)

where M =metabolic rate, W/m?
Ap.=DuBois area, m?
P;=partial pressure of water vapour in jet region, kP,
t;=air temperature in jet region, C
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ta =mean temperature of outer surface of clothed boby, C
tmre =mean radiant temperature in jet region, C
f., =ratio of the surface area of the clothed body to the surface
area of the nude boby, ND
h.=convective heat transfer coefficient, W/(m?:K)
I, =thermal resistance from the skin to outer surface of the clothed body, clo
n=external mechanical efficiency of the boby, ND
From the assumptions concerning air distribution, the conditions in the jet region are
expressed as follows :

mean radiant temperature tmre =ta =26.5°C
air temperature t;=ta+AT,"C (A—14)
vapor pressure P,=P,+AP,; kP,

where suffix “a” implies the value for still air region.
When the sensible heat ratio (SHR) of the room concerned was given, the value of AP,
can be expressed in the function of AT;.

SHR=cATo/(cAT,+1AW,) =1/ [1+A W,/ (cATo)] (A—5)

where AT, =air temperature difference at the outlet, ‘’K
AW, =humidity ratio difference at the outlet, g/Kg
A =heat of vaporization of water, J/Kg.
In the jet stream, where the process of vapor diffusion is similar to that of heat
diffusion, we have the following relations.

AW, AW,

ZS’I‘J - ZS’I‘O ( [\.__ (3 )
Substituting Eq. A—6 into A—5, we have,
c 1

As the vaule of SHR for an office room is around 0.7, let SHR=0.7,
AW,;=0.17AT;. (A—38)
By conversion of units from g/Kg to kP,, the value of AP, is obtained :
AP;=0.16AW,=0.027AT,. (A—9)
Substituting Eq. A—2, A—4 and A—9 into Eq. A—1, and solving the Eq. A—1 for AT,

TABLE 3 PMYV vs. PPD

PMYV 0 -0.49 | -0.67 [ -0.83 | ~0.97 | -1.08 -1.zs|
|

PPD (%) 5 10 ] 15 20 25 30 40 {

PMV

Neutral
Slightly Cool
Cool

Ccold

o
“ N o
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gives the following expressions :

AT;=[PMV—Ai(A:—As+ APat+ Asta—fa[As+ A1o(3.95+he)ta]) ]/ A

(A—10)
where A, =0.303e~00%M4,) 1 (028

_M M oy
As = (1= )= 0420 (1=7) =58.1]

_ _ M M M
As =3.05[5.73—0.007-Y- (1) +0.0173 X 5.87-41—+0.0014 X 34

B M B M
Av =3.05+0.0173 4 As =0.00144
As :35‘7—0.0275};4—1)5(1—7; ) Ay =0.155Tafa
As =140.155Tafc(3.95+he) Ao =(3.954+he) A/ As
Alo:(3.95+hc)A7/As_l A11:A1[0.027A4+A5—A10fc1hc]

Using Eq. A—10, it is possible to calculate combinations of AT, and V; that correspond
to a certain value of PPD. The relationship between PPD and PMYV is listed in Table 3.

APPENDIX (B)
The value of K; is assumed by using the following equation for isothermal free jets.

Vc:KPDOVO/X (B_ 1 )

Kp=V.X/(DoVo) (B—2)

From the definition of the throw, when the value of X equals T,z the value of V. is
0.25m/s, then we have,

Kp:0.25T0,25/ (DoVo) (B_ 3 )
The diameter of the outlet and the air velocity at the outlet are as follow,

Z 2,=5=0.0929 m? (24" X6") (B—4)

Do=,/4 $=0344 m* (B—5)

Vo=G/S (B—6)

where S=area of the outlet, m?
G=air flow rate through the outlet, m?/s.
Miller’s paper shows the values of T,,s/L for values of G.

Applying these values for the equations described above, we can get the value of Kp
to be around 3.
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The value of coefficient “A” representing the ceiling effect, is defined as follows :

Y /Do
gB 4T Do (B—17)
Kr Vi

This equation can be rearranged in the following form in the same way as Eq.5.

A=

0.42

A= (40 7)3 KpY <.M_0,>3
oa

X (B—38)

Miller displays the flow patterns for a room load of 20 Btuh/sq-ft ( 63W/sq-m) with
changing flow rates. We can obtain two values of X for the drop of Y (=0.64m) ; about
1.7m for 0.6cfm/sq-ft and 2.8m for 1.0 cfm/sq-ft.

Based on these values, we can assume the value of A to be around 0.3.

(Received May 18, 1981)
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