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ABSTRACT
Many difficult executions or inconsistencies between the sprinkler approval standard

and the standard for installation of fire safety equipments based on use and occupancy
have been in existence since sprinkler approval standard was published in 2001. Moreover,
the sales for sprinklers and installations have been seriously affected by the application of
it. The purpose of this research is to compare the national and international installations
and inspection standards for sprinklers, and analyze. the data of water distribution test.
Accordingly, the recommendations and- strategies. could be made for the articles of
sprinkler approval standard. In:addition, to  National Fire Agency (NFA) and related

industry, these may be the references for amendmentsand improvement of sprinklers,

The sprinkler approval standard in-Taiwan-is similar to the one in Japan through
analysis. On the contrary, the related tests, including material test, corrosion test,
glass-bulb test, incorporating polymeric gasket test and water distribution test, in the UL

199 (Automatic Sprinklers for Fire-Protection Service )have considerable discrepancies to

the standards in Taiwan. When 10 pan and 16 pan distribution tests are done respectively,
the result shows that the sprinklers produced in Taiwan, Japan and as UL listed products
are acceptable. Nevertheless, the when the water distribution test in accordance with

Japan’s standard (the effective sprinkler radius is 2.3 meters and the test pressure is 1
kgf/lcm2) is conducted, the UL listed products are unable to meet with the standard.

Obviously, this water distribution test in sprinkler approval standard is not feasible to the
UL listed products.
Keywords: Sprinklers, approval standard, UL 199, water distribution test.
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=

TR RE A
% & % "8k #c K EF (A high temperature, wax coated sprinkler )
PROREER B R X A A TRE 0 & RS R ok E 2
BB HEBE AR ARE I50°F66C) -
p # kB (automatic sprinkler)
BOKSEfEd BF o2 2 008 > pdogr B H P anpace o
v R EACRER A AR o B RS R LR T
25 RN N O 3 oot 3 R LR
B R~ R P T 4EBCREE (coated, painted, or plated
sprinkler)
BOREE 5 FP AN K2 P oo a1 frlser L%k -
B ﬁ,éﬁi°
EX ?:%F%"I’}ifﬁ(concealed ceiling sprinkler)
B NROREEA S F XA A AT o
FE I E B P
B %A #ok 28 (conventional sprinkler )
FOREE R AE R P dow™ Ry > v g TG 40 1] 60%058 K
TEd T ez o g R Lw PR aRCkEES 305
NRT A PR FG 3.00 2 2 hfle 0 Aok
25 5 15 4 &/~ 48(0. 95L/s) ©
iz 7 #o Kk #g (dry-type sprinkler)
FOKEEHRE LN iy > B r v 85 - BRY > kTR
Avhe (T2 w0 o A A b RTE M RE O BRRORE S H R e T
PIEE S AT U H 8 A550 o
AR R FUTH - B E #0k B (extended coverage
sprinkler intended for light hazard occupancies)
- EHROKEF K L5
(a) ®& % MR R e« BB o
(b) fad #urF o~ 2 Bz B ivs Hp bR 2 F
PR o B ] R RO A O R R o
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(c) - Bidp b P E 5ok - BIR TR EGH -
(d) #* > TR > 4o NFPA 13 % 204R 8 oridt o

PR BB I B F ¥k EF (extended coverage
sprinkler intended for ordinary hazard occupancies )
- FARTRE R L5

(a) @ * LR B % 28 fF R < Fé&ﬁﬁ"‘ﬁ

(b) fhd #F =22 Bz s Ha bR 2 F
PR 3ot g o) R B ORI RORER o

(c) - Bip Tk P T 5 k- BIR TR IR H -
(d) i * >> NFPA 13 % AP 1t ¥ R BraHor 2 T Tk
W BEFEHCLE [BAR/5 4] (extended coverage
storage sprinkler [density/area) )

FORFRITL AR HARE M AR AR/ 5 FIEE LS
> NFPA 13 & 24828 =

o E 42 d ) wokeg (flow control (FC) sprinkler )
FORFRTUP P @R RPN p &Rk aOE &M ki
R F

AT X 7 cokEg(flush ceiling sprinkler )

FORBFH G- 30 RO X TS - BRokEE Ao

PEMA - Mo F FULKI > BE LI TR T S T G e o

s

{m

o

B 2z ;N 3k 2F (open sprinkler)

ROREFH PR B2 frds & =2 g o @ oy AR i

w T A3k EF (pendent sprinkler)

- FARCREEH R ZRARFZ AT T A om RO
®oRET o

Peid F -9~ R EE ST HE " FokE (quick
response-extended coverage light hazard occupancy
sprinkler)

ek F i ot UL199 & 31 STk BRavE RdmL & * (LR T
BARRE L FOVEER T 0 i MR R Jot Pt KR
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mErERF REESTRA T FOkFL T
Mg KO-~ B E - ST HRB Y ke (quick
response-extended coverage ordinary hazard occupancy
sprinkler)

%ﬁkfﬁiﬁ et UL199 % 31 ok Epacp RS2 & % a2
¥R A X R AR R R o p ot R
Mgz iﬁf‘wﬁﬂ BE- ST REFHFORFLR T o

-3¢ F ek 8 (quick response [QR]) sprinkler)
FokEp 2 £ UL199 % 31 oK Epac s R iisk 2 T o

2 » A3k B (recessed sprinkler )

FOKER & FHHFOREE AP AR 20N - 0 !*»,Jnf‘ﬁf%‘”,% o
A 2 o

o] BEvf 7% Al ¥ kg (sidewall spray sprinkler)

FOREE R €& & ARG b NGRITI RS G P LTt R e ¥
Wit s Pk < 308 AR EEG T ] 304 R E
P A HOREE (S b EEw o

et 40130 A Ekekep (specific application control
mode storage ‘sprinkler)

FORPER T8 o d 4 NFPA13 REGF ot 50 A S 2
Bofs i * 2 " o

EERFAREKkESE [B2/5 4] (storage sprinklers
(density/area) for standard coverage area

- RAHRCREE R AR AR BRI FE TR/ RS
%% NFPA 13 &% E R = -

w + A #ck 88 (upright sprinkler)

S Eired SR UG S A LY SIS BN ST S £ U &N
B o
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(3) #&IP

% 2-5 UL199 7% p A1 4

& =X i a
#F s~ f §'33% load on heat responsive element
16 test
FE R~ %5 B 3E5% strength of heat responsive
17 element test
18 | I sk £ 7 ;5% glass-bulb thermal shock test
19 | 122 5% R #% strength of frame test
90 | & & # 5% impact resistance test
21 | %3 2 @ ¥ #% impact test for protective covers
29 | fekEi * 2% rough usage test
93 | kiondF A 4 3% flow endurance test
24 | A Kira leakage test
95 | "k R 5 & iF &% hydrostatic strength test
26 | ¥ci#CKEE F BFE dry sprinkler air tightness test
27 |30 % iR-kA& 30-day leakage test
28 | ktgi#% water hammer test
99 | £ % #5% vacuum test
30 | # i¥E & ("kH )3#% operating temperature (bath) test
31 | "R R #F% sensitivity test
31.2 | 128 $a 4 #3855 oven heat test
31.3 | /8 4 #3F% Room heat test
32 | # (T-inff ¥ % operation-lodgement test
B RO K B Bk E 5% cycling tests for flow
control (FC) sprinklers
33 (¥ ¥ {75 operational cycling test % i3 -k ¥ %k
3# % contaminated-water cycling test)
34 | &% & #OKEE B EF% high temperature
35 | % % #ckE % B i#5% high temperature
36 | EIHAFIRCOKEE B R & &% high temperature
37 |8 E 2 :25% Elastomeric parts test
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38

F=H 382 vibration test

39

Ak B freezing test

40

% % & ¥k BE & % 5% evaporation test for sprinkler
coatings

41 |10 = F43:#% 10-day corrosion test
49 |30 = F4:#% 30-day corrosion test
42.9 | 20%% 5 5% 20% salt spray #S%

43 190 ;B3 % #5% 90-day moist air test

" i%c}\fﬁwj R EMWMB E %LFEE%;%&%E exposure test on
sprinklers incorporating polymeric gaskets

45 gl #okep i f 4 %# % dry-type sprinkler deposit
loading test

A6 | & 4¥ F P 43E% dezincification test of brass parts
WOREEF 4F F 27 4 ¥ 3% stress—corrosion

AT cracking.of brass sprinkler parts test
P ROKEE R E LR KRN RE%

48 | stress-corrosion cracking of stainless steel parts
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i [ IF +3F ['C +1°C)
135 - 170 [57-T77) 75 1135)
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325 - 375 {163 - 191) TES {407)
&0 - 475 {204 — 246) TES {407)
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2L UL199 Automatic Sprinklers for Fire-Protection Service Edition 2008 Table 31.2
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Table 55.1 Continued

Sprinkler Number of | Deflector to pan | Water flow per Minimum Minimum Minimum average
coverage area collection distance sprinkler collection in any average collection in all
pans individual pan |collection in any pans
16 ft2 square
area
Feet (m) Feet (m) gpm | (Umin) | gpm/ft2| (mm/ | gpm/t2 | (mm/ | gpm/t2 | (mm/min)
min) min)
18x 18] (55x 144 7.5 (2.29) 49 (185) 0.075 | (3.21) 0.11 (4.71) 0.15 (6.42)
5.5
) 144 75 (2.29) 65 (246) 0.10 (4.28) 0.15 (6.42) 0.20 (8.66)
144 3.0 (0.91) 49 (185) 0.03 (1.28) 0.08 (3.42) 0.15 (6.42)
144 3.0 (0.91) 65 (246) 0.03 | (1.28) | 0.11 4.71) | 0.20 (8.66)
20x 20| (B6.1x 196 %5 (2.29) 60 (227) 0.075 | (3.21) 0.11 (4.71) 0.15 (6.42)
6.1
) 196 7.5 (2.29) 80 (302) 0.10 (4.28) 0.15 (6.42) 0.20 (8.66)
196 3.0 (0.91) 60 (227) 0.03 (1.28) 0.08 (3.42) 0.15 (6.42)
196 3.0 (0.91) 80 (302) 0.03 (1.28) 0.11 (4.71) 0.20 (8.66)

(1) NFPA P 43 2 i selF Em A2 807 6% #~ B EHokeg (EC)» &
UL199~ = 5 4p B iR Fi‘%# W p v iRFEE LRI E fE s
R Ep ok E L AR

(2) EC & ilﬁ T fﬁ}i " B LFFE}TJ }é%ﬂ\:é% ' IR Fé#El 03 F P %'ﬁ'
T RHIHFOREER 2 > L R REE 6 e o

26, =k 3?556%

PR AR P A T UL199

B 0 ST R AN SR B S
“renyh 4 B F#okE (EC
2@ Rk

58. 350 &% A~ 1 #a 78 = X 3
I%E

59. ¥~ B F#ckEE (EC)
LA SR SR aE

22 UL199 Automatic Sprinklers for Fire-Protection Service Edition 2008 Table 55. 1
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AT R WRIRCKE T 2 oKE A F R .
(1) + R kdERoks ek
a. #— BHOKERZFH AN KA T3, Tm = 4 F = 17. 8cm 2 2. H4cm
Ao okE T 3 E 7] 30, 5em*30. bem ok R e
b, BRI * REFHTEEF 2 Lo 0 ¥ - FoRE Y S HERK
FFoRAEE L4 o
c. ok EE 2 6. 4mm > 7. 9mm > 9. 5bmm > 11. Imm % 12. 7mm *%<-kK & % 0. 95
L/s> 3475 12.8mm*x- k€ 5 1.32 L/s -~
d.2c-R+- 4481 > FERFORFFERBRZ RERRLFEF P30 E T
> @ (. 007L/s ¢
(2) + = B REHORA T8k -

a. o BHOKER R BA N R 42 TR R A o
b. ¥kt adis ERPREZAFRE T F 06
(a) # @ ]34 4=] “r5)Bo] T3an . § o

(b) % & Rl I Rl U = [:147\7' =L

f=q

2 4-1 L2 nokEgokas A oRR RS

FOR BRI L - BHOKEFE LT B TS G E
(mm) (L/s) (&#x =22 L/S)
6.4 0.24 0.02
7.9 0.33 0.04
9.5 0.47 0.05
11.1 0.71 0.08
12.7 0.95 0.11
13.5 1.32 0.14

CHERAERET RS S FHABOKSERTAEP 14
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4.4 FHRERES
4.4.1 F F AHFKR A T #E5%

# 4-2 % & O F IOk A 5 & B

B 99 Q7% 24p BT | ema sz ¢ T
B NO.1 R KR 1 kefem?| -k £Q 80 I/min
A0
F-k € mimin ® gn q;nd;n qlas | Q(E—) | Qre*100
ml/min
1287 A B C D E F G H | cows) | mmin | mimin | 70%s6 | mimin 60%:
289 438 1.41*ql
1 438 481 438 638 3,282 | 656
203 152% 4,628
289 180 | 1.57*q2
2 830 | 185 | 343 | 278 | 682 | 180 | 402 | 211 3,111 [ 389 !
203 62% 4884
286 261 | 2.35%g3
3 823 | 287 | 432 | 427 | 855 | 261 | 475 | 319 3879 | 485
201 91% 9,116
fe 256 274 | 3.14*q4
4 506 | 354 | 460 | 492 | 514 | 274 | 458 | 384 3,442 | 430
NN 180 107% 10,808
| 230 257 | 3.92%¢5
% 5 390 | 335 | 429 | 445 | 450 | 257 | .395+| 367 p 3,068 | 384
& 161 112% 12,027 91%
Kk 180 239 | 4.71%¢6
i 6 359 | 335 | 330 | 354, (7419 | 239 [ 300 | 298 p--------- 2,634 [ 329 [reeeeinene g
¥ 126 133% 12,406
3 134 204 | 5.49%q7
7 | 334 | 240 | 236 | 241398 | 204 | 209 | 222 fi 2088 | 261 e
B 87 152% 11,441
6.28%8
8 247 | 166 | 147 |.149 | 313 | 170 | 139.( 163 L B L e fpnie
7.06%q9
9 147 | 143 | 91 | 89 ([\196| 127 | 84 | 122 999 | 125 fererereneegoeoes S
7.84%q10
I D R L s T o I NI CRCRRPrsers SR
# 1 E mimin 275 238 (é%%u) 72,412
il
Rkl R 828 U ok 5T 15AGr=2. 3m ek & ¢ 4
E
w 700
| 600 A\
% ~
n 5 500 ]
1 o
2] =
i _ r .
2] =
= g
g R e s -
% ;l:l \.\\.\
. L 2 200
O DA RASCKAF A RE | \\.
gn &2 2 2ERE 100
qnm : F oo flE SR E
q EAl2Z ] HkE 0
) I 1 2 3 4 5 6 7
DR ok B ki E
Q:##R! Fixki —e— it AR
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304-3 £ 5QF F ROk A G s
WEP Y 99 057 25¢ e Ll R TR I
FERk o NO.2 mek kR 1 kefem?| ok £Q 80 limin
A0
kg mlmin Tl q;“d? qigs | Q(E—) | Qie+100
ml/min
465 A B C D E F G H (70%i) | mimin | mimin | 70%LL 1 mi/min 6091
289 456 | 1.41*ql
1 585 456 551 727 2,784 | 557
203 158% 3,925
289 253 | 1.57*q2
2 421 | 428 | 253 | 548 | 493 | 373 | 470 | 339 3325 | 416
203 88% 5,220
286 181 | 2.35*q3
3 471 | 358 | 181 | 440 | 594 | 331 | 441 | 272 3,088 | 386
201 63% 7,257
e 256 151 | 3.14*q4
4 459 | 387 | 151 | 484 | 652 | 429 | 366 | 280 3,208 | 401
o 180 59% 10,073
I 230 111 | 3.92%g5
b 317 | 354 | 111 | 419 | 489 | 389 | 265 | 246 2590 | 324
)"_E, 161 48% 10,153
93%
’J\' 180 97 | 4.71*g6
. 6 269 | 303 | 97 | 323 | 354 | 313 | 202 | 222 2,083 | 260
J‘;é 126 54% 9,811
S 123 81| 5.49%q7
7 264 | 265 | 81 | 313 | 362 | 264 | 157248 1954 | 244
B 87 66% 10,727
6.28%q8
8§ | 388 | 237 | 37 (876 | 374-| 224 | 103 { 275 2,014 | 252 frrsserinenedoens S
7.06%q9
9 | 239 | 86 4 1"215 | 108 | 161 [ 40 | 239 1,002 | 137 frrssseessensdeeeens .
7.84%q10
w1 | | [Tl - | - g
B 2 & mimin (%?%D) 74,312
Ep v B
Rkl 538 41 oK 5T 15A(r=2. SmRek A F ¢ 4
E
o 600
0 500 \
[2] E
o S 400 —— A_\
% = 300 \\
8 g T ———— | ~,_ |
g = e —aA
0 ;E’l 200 BaN
1o
G5 AL RRHCKA T HE g \\
gn ez 2EkE 100
gnm : oo flE AR
q Rz HLRE 0
Q : % E300eme p sk R ! 2 3 4 g 6 T
B B LR kiR B
Qi wARIFRkE —— i AR
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2 4-4 HEOF F kA T LA

R 99£07°% 19p wEFer [Hvwmra| ¥ ¢
W 5 NO. 3 B3 1 kgtem?| 2ok £Q 80 limin
A0
#-kE  mlmin * an q;nd? dfgs | Q(E—) | QuQ*100
ml/min
13 A B C D E F G H | qowe) | mimin | mmin | 70%5 1 | mifmin 60%:1
289 40 | 1.41%q1
1 268 40 67 70 558 | 112
203 14% 787
289 63 | 1.57*q2
2 186 | 63 | 108 | 209 | 276 | 108 | 203 | 456 1,609 | 201
203 22% 2,526
286 310 | 2.35%3
3 344 | 310 | 517 | 536 | 670 | 400 | 513 | 754 4,044 [ 506
201 108% 9,503
fe 256 450 | 3.14%q4
4 505 | 702 | 717 | 456 | 564 | 649 | 661 | 450 4704 | 588
o 180 176% | 14771
| 230 309 | 3.92%5
] 5 395 | 582 | 489 | 321 | 383 | 552 | 508 | 309 3539 | 442
2 161 134% | 13873
88%
K 180 25 | 4.71%¢6
- 6 272 | 348 | 331 | 321 | 245 | 363 | 324 | 262 2466 | 308
# 126 136% 11,615
o 134 166 | 5.49%q7
7 201 | 247 | 273 | 249.°| 166 | 255 | 231-{ 199 1821 228
5. 87 124% 9,997
6.28%08
8 76 | 192 | 148 |#105 | 74—} 226 | 132} 83 1,036 | 130 Py
7.06%q9
9 2 46 11 15 5 49 18 9 155 | 19
1,094
7.84%q10
10
1 & mimin (%%D) 70,672
S em (- B
Rkgbl 1518 ) ook 57 15A(r=2. Sm) ok A F o 4
E
4 700
B 600 /\
o 5 500 /
B § / \
5] 400
5] o
4 < 300 . . AN
=] E L 4 L 4 ——
10] N \.\
EI x| 900 / \.\ \A
O E i ARHCkATIRE | 7 ~e—_
gn g ez rHRE 100
anm ks 08k
q P EAlZ Bk 0
Q X jz300cmrt p 2 ik £ ! 2 3 4 g b T
2 gk B S E L
Q ‘#aE! Frckd i AR
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4.4.2 10 -k 2 16 k4% Fok & G 25%

2 4-5 #2010 ~ 16 -k ok A i % g4

BB Y R R BT FRPRIE %
A5 FA & PP Y 99. 7. 24 RBER 28 °C
LRk ROk A Rk
&S R ¥ SRR Kt tadc| H#oksgitio kB
NO. 1 1 rpmVymin 104 48 80 11.15 mm 0.95L/s
ki 1 2 3 4 5 6 7 8 9 10
L 1.823 | 1.858 | 1.962 | 3.102 | 5.793 | 6.371 | 2.189 | 0.273 | 0.006 | 0.000
L/s/m> | 0.030 | 0.031 | 0.033 | 0.052 | 0.097 | 0.106 | 0.036 | 0.005 | 0.000 | 0.000
B BEROK I Bog g2 ok e B 0 0. 007L/s/m° &2 t#
ki 1 2 3 4 5 6 7 8 9 10
L 1.967 | 1.732 | 1.866 | 3.312 | 5.986 | 6.111 | 2.121 | 0.298 | 0.013 | 0.001
L/s/m> | 0.033 | 0.029 | 0.031 | 0.055 | 0.100 | 0.102 | 0.035 | 0.005 | 0.000 | 0.000
§in o BEAERCK FE A2 k4 e B F 0 220, 007L/s/n &2 t#
LR R ROK A Rk
i b ok sgat T & - Bk o T¥ntE
?i ?; 104 4 11.15 - mm 0.95 L/s 0.11 L/s/m2
=]
H oL H = : Ls/m?
8.335 | 7.798 | 7.719 | 7.115 0.154 | 0.144 | 0.143 | 0.132
9.079 | 10.718 |[10.880 | (9.233 0,168 | 0.198 | 0.201 | 0.171
7.269 | 9.611 | 10.077 |\ 9:849 0.135 | 0.178 | 0.187 | 0.182
6.410 | 7.792 | 8.161 | 9.508 0.119 | 0.144 | 0.151 | 0.176
’ - 2 v J\ﬁzlg,y%’;ﬁlein
I 158
Yo b T3ag 0.162 L/s/m2 B T5% 0.0825 L/s/m2
&S i
B2, 1-3 1-2
1-4 1-1
B L H = s/
8.134 | 8.001 | 7.462 | 7.221 0.151 | 0.148 | 0.138 | 0.134
9.121 | 9.857 | 10.276 | 8.933 0.169 | 0.183 | 0.190 | 0.165
7.336 | 9.431 | 9.864 | 9.469 0.136 | 0.175 | 0.183 | 0.175
6.211 | 7.898 | 7.989 | 9.686 0.115 | 0.146 | 0.148 | 0.179
, LRk @] T35
S,
Jef Tog 0.158 L/s/m2 P— 0.0825 L/s/m2
&S ki
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4 4-6 H#5@10 k4 - 16 -k F ROk A k4

Bt YRR R VR %
a5 pART R R Y 9977 24p BBE 29 °C
LRk ROk A R
B 50 ki FAER K nd| fokgie ok g
NO.2 1 rpm/min 104 4 80 1110 mm 0.95 L/s
ki 1 2 3 4 5 6 7 8 9 10
L 0.864 | 2.528 | 6.002 | 6.023 | 4.031 | 2.254 | 1.418 | 0.952 | 0.618 | 0.372
L/s/m’ | 0.0144 |0.0421 |0.1000 |0.1004 |0.0672 |0.0376 |0.0236 |0.0159 |0.0103 | 0.0062
B BEALRCK AR ss 2 k4 e 8 £ 0 220, 007L/s/n” Sk&E E ¥
ki 1 2 3 4 5 6 7 8 9 10
L 0.742 | 2.100 | 4.865 | 5.776 | 4.004 | 2.460 | 1.502 | 1.045 | 0.683 | 0.393
L/s/m [0.0124 [0.0350 |0.0811 |0.0963 |0.0667 |0.0410 [0.0250 |0.0174 |0.0114 | 0.0066
B ROk A ke B B R0 %00, 007L s/’ H R % E#
Lo R RS HOKA sk
B & o R FOkEI L & - BHROKFIRE L rali
24 23 104 4 11,30 mm 0.95 L/s 0.11 Ls/m2
2-1 22
PIEL
i L ¥ = 0 Usim’
5.469 | 6.893 | 6.984 | 6.313 0.101 | 0.128 | 0.129 | 0.117
5.761 | 6.652 | 7.070 | 7.203 0.107-| 0.123 | 0.131 | 0.133
5.284 | 6.309 | 6.765 | 6.508 0,098 | 0.117 | 0.125 | 0.121
5.222 | 6.264 | 6.674 | 6.401 0:097 | 0.116 | 0.124 | 0.119
, ) RN N D W
I 158
feh T 0.118 L/s/m2 £ T5% 0.0825 L/s/m2

H TR % B
B2,
HeoL ¥ =0 st

6.097 | 7.681 | 7.104 | 6.046 0.113 | 0.142 | 0.132 | 0.112
6.597 | 7.278 | 7.159 | 6.899 0.122 | 0.135 | 0.133 | 0.128
5.938 | 6.489 | 6.779 | 6.564 0.110 | 0.120 | 0.126 | 0.122
5.640 | 6.235 | 6.721 | 6.395 0.104 | 0.115 | 0.124 | 0.118

Yo B T 10 0.122 L/s/m2 %'ﬁykﬁijéﬁg%;iédyiig 0.0825 L/s/m2

g * &R
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24-T # 5@10 k4 ~ 16 -k F ok A i % 4

B R FE B LT D RN
A5 NO.3 ARl 99410 H20H BHER 16 C
LR ERCR A TR
# &5 i Rl Kig fhlie|  Hoksgit i ok g
0103 1 rpm/min 104~ & 80 11.19 mm 0.95 L/s
3] 1 2 3 4 5 6 7 8 9 10

L 1565 | 1.942 | 4443 | 7580 | 6.122 | 4.927 | 0.723 | 0.024 | 0.000 | 0.000

Usim’ | 0.029 | 0.036 | 0.082 | 0.140 | 0.113 | 0.091 | 0.013 | 0.000 | 0.000 | 0.000

AL pEAROk B a2 k4 B £ R +20.007Us/T 2 % i =1
I 1 2 3 4 5 6 7 8 9 10

L 0763 | 0.856 | 2235 | 6324 | 5249 | 6.317 1.864 | 0.094 | 0.006 | 0.000

Usim’ | 0014 | 0016 | 0.041 | 0.117 | 0.097 | 0.117 | 0.035 | 0.002 | 0.000 | 0.000

3L ROk B2 k4 B £ R +20.007Us/T H % =Y
L RS ROk A ks
50 Rl ok etz - BHokgind D il
3-4 33 104 48 11.20 mm 0.95 Ls 0.11 L/s/m2
3-1 3-2
BleEL
L g o Ls/m?
7728 | 9197 | 9427 | 7.776 0143 | 0170 | 0.169 | 0.144
6.065 | 9.821 | 11222 | 7.635 0.112 | 0.182 | 0208 | 0.141
8.05 | 9.042 | 1091418335 0149 | 0.167 | 0202 | 0.154
8452 | 9.236 | 8.168 | 8757 0.157 | 0171 | 0.151 | 0.162
ERR S i U 0 NE SR A N O 2
g Teg 0.161 L/s/m2 G 1,,' P s 0.0825 L/s/m2
A 8 75%
R ! =i
B2,
B L ¥ Usin’
9.467 | 9.898 | 7.835 | 6.958 0.175 | 0.183 | 0.145 | 0.129
8553 | 8.854 | 10.162 | 7.932 0.158 | 0.164 | 0.188 | 0.147
10.710 | 10.636 | 13.633 | 8.910 0.198 | 0197 | 0252 | 0.165
8.448 | 10.705 | 10.336 | 9.916 0.156 | 0.198 | 0.191 | 0.184
2 ok ) ) T e
” I a8 v A I
o Tag 0.177 L/s/m2 5 B 75% 0.0825 L/s/m2
HE&-2 a
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4.5.1 #F% 1% e G7 K FAHkLA, 5% 2.3m) > 4 B 4-4
AT T S
12 2 A K 88 15SA(r=2. 3m) Bk 5 &b &
700
600 \\ /,\
NEJ 500 N . A
: N
= 400 N \‘\._\\\
Z 300 - —— o / — \\Y\A
e = —
f‘:\i / g - - \(
% 200 > ~~<
100 / °
0
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K HE R — = A T(E —a— 5]
B2  —53
Bl 4-4 & FAHOR A B2 A FTRI(AF 7 FEL)
. #&O(RMA&F)Z2 &EOQ(P MEC F)REEE3 4 F 5 153 3R
|k oo
2. HEO(RMA S F 1 REMF-RER S R30 % 2-kEx 5 PER"S
B0y MREEO(P 2B F) L £ o
3. & @UULES)* 12 2 REmEF-KE3 &> 2-kEE P 335
k¥ FmARIMERLT R o
4, gkt (Q/Q % 100%)38 4 0 e & (93%)> 1 & (91%)>DO> # %O
(88%) » ¥ e A_ L HOREE T [T F BRI B ag = o
5. H&@ 1k F AFCORk A w385k (r2. IMEHE X T B2 & o
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4.5.2 B 2H* JEHEEF 102 16 -REHRKk,GiFHR A7 #F

VAL
404-8 10 K4 Bk A ks b AT 4
10 "R HOK A i ik
it BoEECKE KR 1 | hobeRok ok E-% 25 | 2%
Z @ (L/s/m) x5 (L/s/m)

# 50 0 0 L ¥
# 5@ 0 0.001 & %
# 50 0.006 0.006 &R
F) s HFEBCKEE Bz R E B R R0 0.007L/s/n’

% 4-9 16 KSRk A R m B % T 4

16k fa ok A v id
K3 F - ARG ETEE 5| A - kB ETEE - | B2
= 5% (L/s/m") 2 zzsk (L/s/m)
&0 0. 162 0.158 & ¥
) 0..161 0. 177 & ¥
# 50 0.118 0. 122 &R
H g F - KRB BT GE0.11 L/s/mP t

1. 10 k&2 #5% et b k2 f-kEHmp iz (g 3
0.007L/s/m°) » 3ol &+ > L 5Q (p AET 5)e #1773 &%
g @0, 006L/s/m”) » ¥ § 353 i o

2. 16 k&2 @#&HFLEZH&FOQ >BRED >HREFQ > &7 £ L K
R RE R B FTR

3. 16 k%42 #k 3 e i kEHOB LR T E &

Y
fagd
w
e
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a. - Bk E A A SCe P A & e T A DK 3 Tn*3. Tn
T2 1T.8cm 2 2.54cm A F O} o ¥R E T L
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HRECORF > EARE L H- -
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BoORFIIE | F- Bk R A THAGE
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6.4 0.24 0.02

7.9 0.33 0.04
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11.1 0.71 0.08

12.7 0.95 0.11

13.5 1.32 0.14
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2.3 ¥ R TR LkE 2 2 k2 gsnl /min) > 2 3%
E Bk T kE gse m(nl /min) 0 2 EEY = ¥
I »EFEPBI B e

3. B G L8 2 & (7oK EEEG 190 cm P\i}_ﬁé k2
s (ml /min) » % 3% {7 ml
min) > 2 HE* = £ T »

A
f

4. & k¥ 2 %%J\ *

if oo

B2 HELERER T AT
=8 Jx’féi“’}\#%wi T0 %pF > 18 12

éi?ﬁﬁ’%@lmxlm%ﬁp\ B EAEZTHEE > REH

N

89




	封面2
	20110128161656953_書名頁
	本文(CHAP1)0825

