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+7& +HDW 7UDQVIHU &RHIILFLHQW SHU /LQHDU PHWHU LV FI
PHWHU RI WXUQLQJ YDQH OHQJWK SHU RQH .HOYLQ RI QRJID
EHWZHHQ WKH H[WHUQDO DLU DQG WKH WXUQLQJ YDQH FRRO

20 VXEVRQLF ZLQG WXQQHOV RSHUDWLQJ LQ WKH FRPPRQ H
KLIKOLJKWHG7DPEOKH$S SRQHQGLP 7 FDQ EH VXEVWLWXWHG Z
EHWZHHQ WKH LQOHW DLU WHPSHUDWXUH DQG WKH DYHUDJH
@o7 " Es8LoB7(s8pys TKH GLPHQVLRQ : P . ZKLOH QRW VWULFWO
DGRSWHG IRU FRQYHQLHQFH LQ HQJLQHHULQJ F DOFRHIDIWILRIC
UHTXLUHG WHPSHUDWXUH GLIIHUHQFH DQG WKH DPRXQW F
GHWHUPLQH WKH QHFHVVDU\ WRWDO OHQJWK RI WKH WXUQLC

+7&4LV GHWHUPLQHG WKURXJK WKH IROORZLQJ FDOFXODWLR

f .
t€Eo, L ———— a T
X X ® 8&p (
:KHU +7& :DWW PHWHU RI 79 OHQJWK .HOYLQ 2 WKH KHI
WXUQLQJ YDQRHU OWRQIB\LKIG SLSLQJ VFKHPH DQG U GLDJRQI
DWWV WRWDO KHDW IOX[ IURP KRW DLU WR WKH
/ PHWHUV 2 OHQJWK RI WKH YDQH

©7%7 U. 2 ORJDULWKPLF PHDQ W HR 8HdJDeW:sXoWR UGH] BIHHUU
FRQGLWLRQV PHQWLRQHG DERYH )RU_DNWAMLFW /07" GHILQLW!|

7KH KHDW WUDQVIHU FRHIILFLHQW LV JLYHQ SHU O CE
DQG VKDSH UHPDLQ FRQVLVWHQW DFURVV D

7KH KHDW IOX[ IURP KRW DLU WR WKH FRRODQMWHW K U RSX DI @

7DE®H IRU WKH VWDQGDUG SL$LDS FRRUJEEWWLEQ\ D DU U
LQFOXGLQJ FRQGHQVDWLRQ DQGFREVLBHH L\PH QW KRQV B HIFLFI\
FRQGLWLRQV RXWBQEBHORZA WKH

7TDEOKDOFXODWLRQ FDVHV IRU WKH OL@HDU KHDW WUDQVIHI

&RQGLWLRQV 'U\ DLU ORLVW DLU
f VWG DWP + VWG DWP
T 75 - U& I 75 U&
¥ 5+ t 5+
OHWKRG t &' FDOFXODWHG UH ¥ ([SHULPHQW ([WUD
&RROLQJ ZDWHU \ t 7g7581 U& ¥ 7srse1 - U&

DW WKH WXUQLQJ

$LUIORZ VSHHG U| # 2 PV FDOFXODWH % 2 PV H[SHULPHQW
WXUQLQJ VHFWLR ¥ 2 PV H[WUDSROD
$LU G\QDPLF YLVH % i > 1V P-| % T > 1V P-
$LU GHQVLW\ b ¥ 2 NJ P— ¥ NJ P—
9DQH VSDFLQJ ¥ 6WDQGDUG PP T 6WDQGDUG PP
SHVXOWYV ¥ )LJ 2 $ r )LJ 2 9%

¥ 7DEOH $ $ t 7DEOH $ %

WXQQHOWHFK HX RI


https://tunneltech.eu/
https://en.wikipedia.org/wiki/Logarithmic_mean_temperature_difference

77(76%

0 10 20 30 40 50 60 70 80 90 100
225 P L | rrri rrri rrri rrri rrri rrri LI L) rrri L]
E IPWATEF{
200 3
3 1 kPa
175 3 —— 2 kPa
—~ 3 ——3kPa
X 150 3 5 kPa
I= 3 ——8kPa
E 125 . —— 10kPa
< 3 ——12kPa
100
8" ] —— 15kPa
T 75: — 18 kPa
3 ——20kPa
50
25 3
-IIII rrri rrri rrri rrri rrri rrri rrri rrri rrri
0 10 20 30 40 50 60 70 80 90 100
Air Speed, V, (m/s)
)LJ # & IRU GLIIH&HQDMG3DLUIORZ VSHUGIFIRQGRWVYRKVDEOH
0 10 20 30 40 50 60 70 80 90 100
_IIII rrri rrri rrri rrri rrri rrri LI rrri rrri
200: ..-"‘-----::-..----"' S 'PWATER
] ;"- —_-"---- ---l------:::: m— 1 kP4
175 — L et SRR el i Rl it D — 2 kP4
- L4 . * ||--::----- ----------'---
Q : "0"::“-- _,l----:::-..---"'---_:: 3kpa
T RGLS RARR Skt PRI, Rt PP RS0l i otte Mkt Wou I Il
= R D R S e e FEE Rl R R — 3 kP3
2 Jve. i N B e e f e L
S 195 Jiee S ===="" 12kP
1"ae /’ --------""--- a
E_I :" ///----::--------------- m— 5 kPa
T 1004 // " N mmomlmom == —8 kP
:/ — — == = T 20 kP3|
; 1 — — 25 kP3
5—:/ — 30 kP3|
50 -IIII rrri rrri rrri rrri rrri rrri rrri rrri rrri
0 10 20 30 40 50 60 70 80 90 100
Air Speed, V, (m/s)
)L J Y& IRU GLIIH$HQDM G3DLUIORZ VSHHGYV

IRBRLVWFRRGBLWLR®Y DW \WHH 7DEOH

, QWHUSRODWLQJ PHDVXUHG YDOXHV ZLWKLQ WKH VSHBWHNGVR [BHU DR

JUDSK ZKLOH GDVKHG OLQHVY UHSUHVHQW H[WUDSRODWHI& YDO

DIRUHPHQWLRQHG H[SHULPHQWDO UDQJH WKHKRROIG XM WHODWGE&M
ZLWKLQ WKH KLIKOLJKWHG UDQJH

+HDW WUDQVIHU FDOFXODWLRQV IRU DOWHUQDV\&
HWK\OHQH JO\FRO $6+5%$( 5 QXPEHUV HWF FD

$ FRPSOHWH GRWBDMDWOBQYVIHU FRHIILFLHGWNQGLBUHVHQW

WXQQHOWHFK HX RI


https://tunneltech.eu/

77(76%

25'(5,1* *8,'(
*HQHUDO SULQFLSOHYV DQG FRPSRVLWLRQ

7KH 7XUQLQJ BHFWLRQ $VVHRBEO\ SVREMSHRMWH GRRSUHKHQV
W\SLFDO FRPSRVLWLRQ RI WKH 77( 76$ 7KLV H[DPSOH VKR:
FRPSRQHQW FRQILIJXUDWLRQ GHVLJQHG IRU YHUWLFDO RULHC
VLGH ,W DOVR HQFRPSDVVHMXFKVDY QWXIUINQ GOMBEAWYZLWK $ V
$ VLGH PDQLIROG FRQQHFWLRQ % VLGH EOLQG IODQJH RI WI
ERWWRP PDQLIROG SLSLQJ FRQQHFWLRQ RSWLRQ DV ZHOO

VXSSRUWLQJ VWUXFWXUHY OHJIV 7KH RUGHULQJ FRGH I R& w/
8 $ % := +-67

%DVLQJ RQ WKH SUHVHQWHG H[DPSOH \RX FDQ FRIR U NWOUHWIDQ
HOHPHQWY FDQ EH UHSOLFDWHG RU UHSRVLWLRQHG GXSOLF
LPSOHPHQWHG LQ FRPSRQHQW VHFWLRQ W\SHYV

7KH IROORZLQJ SULPDU\ FRPSRQHQWY DUH PDQGDWRU\ LQFC
x EHDULQJ IUDPH QHHGHG IRU VWUXFWXUDO VWDELOLW)\ DC
Xx VLGH GLDJRQDO VXSSRUWV 77( 766'6 DQG WXUQLQJ YDQF
7KH PDQLIROG DVVHPEO\ 77( 760)$ DQG PDQLIROG DVVHPEDO
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2UGHULQJ FRGH LQIRUPDWLRQ
30HDVH VHOHFW WKH RUGHULQJ FRGH DV IROORZYV
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UG 7+ WRS SLSLQJ FRQQHFWLRQ

OHW %t ERWWRP SLSLQJ FRQQHFWLRQ

$0C 111+ 1R FRROLQJ QR PDQLIROG

6LOJOH RU VSOLW WXUQLQJ VHFWLRQ

+ VLQJOH FRPSRQHQW VHFWLRQ
+ GRXEOH FRPSROHOW VHFWLRO

'LDJRODO DQJOH

8 6HFWLRQ DQJOH U XQLIRUP IORZ
( 6HFWLRQ DQJOH U DLUIORZ H[SDQVLRQ
& B6HFWLRQ DQJOH U FRQWUDFWLQJ DLUIORZ

2ULHOWDWLRO RI WKH DLUIORZ DQG VXSSRUWLQJ SODWIRUPV
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2ULHQWDWLRQ RI WKH DLU IORZ DQG VXSSRUWLQJ S

77(766|B BBl BB B | BB |: BBE + BB , B

7KH RULHQWDWLRQ Rl WKH WXUQLQJ VHFWLRQ LV GHILQHG
DLUIORZ URWDWLRQ SURYLGHG E\ WKH VHFWLRQ (DFK RULHQ
WKH RUGHU FRGH

Upper duct turning sections.
Vertical airflow rotation

Lower duct turning sections.
Vertical airflow rotation

(65 . Horizontal duct
“ turning sections

YLJ &ORVHG ORRS ZLQG WX Q& H/O{ IZWOLFD@HVRU LQGRRU VN\GLYLQJ 77
&+KRULJRQWDO H[SHULPHQWDO ZLQG WXQQHO FXVWRP
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TDEOH2ULHQWDWLRQ RUGHULQJ FRGH VXE VHFWLRQ SULQFLS

/ITHWWHU 1 DQG DQG
For vertical: For vertical:
Air flow inlet direction & Air flow outlet direction &
$LU 10 6 of duct inlet sections 6 of duct outlet sections
OHDQL URWDMW
SODQH For horizontal: For horizontal:
Air rotation & 6 of inlets 6 of outlets of T-duct.
T1 21 top inlet T1 21 top outlet
V 2 B1 21 bottom inlet B1 21 bottom outlet
vertical TB 2top + bottom inlet TB 2top + bottom outlet
S1 21 side inlet S1 21 side outlet
&RGH Ol S2 22 side |rTIets S222 S|d.e outlets
CW 2clockwise turn For T options only:
H CC 2counterclockwise 1 2one outlet (only T21
horizontal turn o option) &RGH
T1 21-side inlet 2 2two outlets (only T12 HIDPSO
T2 2side inlet option)
S5HFRPPHQGHG ORH SLand DL
RI WKH 76% LQ WKH (one inlet, one outlet)
9HUWLFDO
%RWWRP BRUQHU 9 7 6 VT1S1 (***)
$ERYH IOLJKW FKD 9 % 6 VB1S1 (***)
8QGHU IOLJKW FKI 9 6 7 VSI1T1 (***)
7RS FRUQHU 6/ '/ 9 6 % VS1B1 (***)
+RUL]JR@MWD
&RUQHU 6/ '/ + && HCC
&RUQHU 6/ '/ + &: HCW
DL only
(two inlets or outlets)
9HUWLFDO
$ERYH IOLJKW FKD 9 % 6 VB1S2 (***)
&XVWRP 9 7 6 VT1S2
&XVWRP 9 6 7% VS1TB
&XVWRP 9 6 % VS2B1
8QGHU IOLJKW FKI 9 6 7 VS2T1 (***)
&XVWRP 9 7 % 6 VTBS1
+RUL]JRQWDO
$IWHU WHVW VHFW + 7 HT12
%HIRUH WHVW VHH + 7 HT21

ODUNV LQ WKH WDEOH
¥ 6/2 VLQJOH/ CRREBEXEOH ORRS
¥f 92 YHUWLFD® Y RRDWRRE DD2UNRRELIME BB E R WdiveRtien; 6 2 V Ldadtion;

CW?2 FORFNZLVH&UER WDXIIWRIPUFORFNZLVH URWDWLRQ

7 27 VKDSHG GXFW 2zIKpiaMev 2 RXWOHW

T 2Number of duct inlets/outlets; 7

5HFRPPHQGDWLRQV

t 2 UHWXUQ GXFW RSQWRQ@O VHF WHRRPPHQGHG IRU LQGRRU VN\GLYLQ.
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DUURZ PDUNV WKH D[LV RI WKH V\PPHWU\ 5HFRPPHQGDWLRQV
+ FHQWUDO ¥HAWRRPHQGHG IRU LQGRRU VN\GLYLQJ

WXQQHOWHFK HX RI


https://tunneltech.eu/

77(76%

'LDJRQDO DQJOH LQIRUPDWLRQ

77(76 B B B | B Bl B B B :BBE + BB , B

7KH DLUIORZ WXUQLQJ DQJOH DQG GLDJRQDO DQJOH DUH QR
UIRU VWDQGDUG 77( 76$ SURGXFWV )RU GLIIHUHQW DLUIOR.
FXVWRP RSWLRQ DW WKH HQG RI RUGHULQJ FRGH

7KH EDVLF DQJHOV DUH

D 8 IRUD XQLIRUP VHFWLRQ RI FRQVWDQW IORZ DUHD L
ZLWKIGLDJRQDO DQJOHDLBWHEXFW ORFDO UHVLVWDQRH YV

E ( IRUD VHFWLRQ WKDW H[SDQGV HYHQO\ E\ WIKMHFUR
VHFWLRQ RI WKH DLUIORZ H[SDQGV DIWHU SDWYI1QJDWK GR
ORFDO UHVLVWDQFH YV)LMSHHG SDUDPHWHUYV

F & IRU D VHFWLRQ WKDW LV XQLIRUPO\ FRPSUHVVHG ‘
DQRG VHFWLRQV ZLWK RWKHU WXUQLQJ YDQH GLDJRQDO |
FXVWRP RSWLRQ $LUGXFW ORFDO UHVLVWDQFH GDWD IR

6LQJOH RU VSOLW WXUQLQJ VHFWLRQ FRQILIXUDWLF

77(766/ B B B | B B| B BB :BBE + BB ; B

7KH FHQWUDO GLDJRQDO VXSSRUW 77( 76&'6 FDQ EH LQW
VHFWLRQV DV GHSLFWHG EHORZ ,| WKH VHFWLRQ ZLGWK H]
DQG WKH DHURG\QDPLF IRUFH DFWLQJ RQ WKH WXUQLQJ YHC
VHFWLRQ XVLQJ WZR RU PRUH FRPSRQHQWY 7KLV PHWKRG [
HDVLQJ WKH ORDG RQ WKH IODQJH IDVWHQLQJV &XVWRP

FRPSRQHQWYV EXW LW LV JHQHUDOO\ UHFRPPHQGHG QRW WR
LV OHVV WKDQ P V

)LJ FRPSRQHQW GRXEOH 77(76% DLU IORZ URWDWLRQ GR:
1R FRROLQJ VA\VWHP PDQLIROGY DUH PRXQWHG

WXQQHOWHFK HX RI
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77(76% '‘DWDVKHHW

ODQLIROG ORFDWLRQ DQG FDVLQJ LQIRUPDWLRQ

77(766 B BB | BB )| B/| BB| :BBE + BB , B

7KLV SDUDPHWHU HQFRPSDVVHV WKH SRVLWLRQLQJ RI WKH |
FRQVLGHUDWLRQ RI WKH PDQLIROG FDVLQJ LI UHTXLUHG DC
7KH FRPSOHWH FRROLQJ FRQVWUXFWLRQ IRU $8KSHI Q/GLY QL Q¥
7HFKQRORJ\

8QGHUVWDQGLQJ WKLV SDUDPHWHU UHTXLUHY DGGLWLRQDC
WHFKQLFDO LOOXVWUDWLRQLBQRDWELHRR LWHODWLYH WR DLUIC
DQG WKH WXUQLQJ VHFWLRQ DVVHPEO\ LV GHWHUPLQHG DFF
DERYH WKH YDQH ZLWK LWV OHDGLQJ HGJH DOLJQHG ZLWK W
OV ZKLOH VLGH % DOLJQV ZLWK WKH ULJKW

3(563(&7,9( 9,(: 723 9,(: 6&+(0(
6WDQGDUG EO /HDGLQJ H(
ZLWK FRRODQW FKDQQHO
EDFN WXU( o v T = o
\\ Tlo =T
\ ; ©la $LU g o
’\\ \\ . ° 2 \ 7 oz

~ N _ 3 o iRy 7UDLOLQJ

- Jimg  3RUW FRQOQ
6LGH 6LGH N
UHODWLYH WR WKH

)LJ $LU IORZ GLDJUDP UHODWLYH WR IODQJH RULHQWDWLRQ LO
$ VLGH IRU EOLQJ IODQJH DQG % VLGH IRU SRUW IODQJH DUF

Inlet airflow

Qutlet airflow Turmning

vane
diagonal
support

Turning
vane A side

Turning
vane

diagonal "
support

«..-VT181-45U-2-NNN-...

Turning
vane B side

Turning vanes

)LJ 6SOLW 7XUQLQJ 6HFWLRQ 'LDJRQDO $VVHPEO\ 77(
FRPSRQHQW H[DPSOH + ZLWKRXW PDQLIROGYV

WXQQHOWHFK HX RI
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77(76% '‘DWDVKHHMW

Manifold piping top
connection option

A
i

Inlet airflow

Manifold piping top

I connection option
3 Qutlet airflow Turning

vane
diagonal

Turning
vane A side

Manifold assembly

A side option o

Turning

vane

diagonal -
support

Manifold assembly
B side option

...-VT1S1-45U-2-COT-...

Turning
vane B side

Turning vanes

Manifold piping top
connection option

Inlet airflow

Outlet airflow

Turning
vane A side

Manifold assembly
A side option

Turning
vane
diagonal
support
Turning
vane
diagonal ™
support

...-VT151-45U-1-A0T-...

Turning
vane B side

Turning vanes

YLJ 7XUQLQJ VHFWLRQ GLDJRQDO DVVHPEO\ 77( 76'$ FRPYRGHQW
FRPSRQHQW H[DPSOH * PDQLIROG RQ $ VLGH $ ERWWRP SLSLQ

WXQQHOWHFK HX RI
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Inlet airflow
Manifold piping top
connection option
Outlet airflow Turning
vane
Tuming diagonal
vane A side = support

)

> |~

S
Turning E
vane
diagonal Manifold assembly
support B side option

Turning
vane B side
Turning vanes
.
Inlet airflow
Outlet airflow

Turning
vane A side

Turning
vane
diagonal
support

Turning
vane
diagonal
support
...-VT1S1-45U-1-NNN-...
Turning
vane B side
Turning vanes
yLJ 7XUQLQJ VHFWLRQ GLDJRQDO DVVHPEO\ 77( 76'$ FRPSRQHQ

FRPSRQHQW H[DPSOH

+

ZLWKRXW PDQLIROGY $ ERWWRP SLSLC

WXQQHOWHFK HX
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77(76%

'‘DWDVKHHMW

Inlet airflow

Gies=
Turning ~'$’( g%,

vane A side A ",/a‘ﬂ

P/
o,
Manifold assembly b ‘_;;’-‘Kﬁ‘
A side option / s - :":4
; 7%
-g/é
4 4
%, &‘(
Turning
vane
diagonal
support

Turning vanes

Inlet airflow

Turning
vane A side

Turning
vane
diagonal
support

Turning vanes

Manifold piping top
connection option
A

)
\

Qutlet airflow :
Turning

vane
diagonal
support

...-VT181-45U-2-A0T-...

Turning
vane B side

Manifold piping top
connection option

Qutlet airflow

Turning
vane
diagonal

Manifold assembly
B side option

...-VT1§1-45U-1-B0T-...

Turning
vane B side

YLJ 7XUQLQJ VHFWLRQ GLDJRQDO DVVHPEO\ 77( 76'$ FRPSRQHQ
FRPSRQHQW H[DPSOH + PDQLIROG RQ % VLGH $00 H[DPSOHV KD)
RSWLRQ $ ERWWRP SLSLQJ FRQQHFWLRQ LV DOVR SF

WXQQHOWHFK HX
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YLJ &RROHG WXUQLQJ YDQH PDQLIROGY DQG IOH[LEOH KRASDH 7X
1RFDVLQJ 7RS SLSLQJ FRQQHFWLRQ RSWLRQ

WXQQHOWHFK HX
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,QOHW FURVV VHFWLRQ GLPHQVLRQV LQIRUPDWLRQ

77(76 B BB BB B BB/|: BBE|+ BB ; B

'LPHQVLRQV + KHLJKW DQG : ZLGWK FDQ EH VHW E\ WKH F
FRPSRQHQW VHFWLRQV XVH WKH WRWDO OHQJWK DQG ZLGV

(I[IDPSOH $ % - + WKLV LPSOLHV WKDW WKH FURVV VHFW
77(76$ DVVHPEO\ PHDVXUHV [ PHWHUV DQG WKH 7
FRPSRQHQWY HDFK PHDVXULQJ [ PHWHUV +RZHYHU
FRPELQHG [ PHWHUV LQOHW

(I(WHQGHG RSWLRQV FXVWRP SURMHFWYV

77(766 B BB BB B | BB |:BBE + BB ; B

,Q DGGLWLRQ WR WKH ;WD DODUWGE REWLRRWOVR RITHU FXV!
FXVWRP RUGHUV; &8 QRQDWKHXNRGH HQG SRVLWLRQ 'LVFXVVLRC
SURFHVV DQG DGGLWLRQDO DJUHHPHQWYVY PXVW EH PDGH IRL

2ULHQWDWLRQV IRU FXVWRP DLU GXFWV ZLWK VWDQGDUG
WXUQLQJ FDQ EH VHOHFWHG XVLQJ WKRUWIHHNVOWLICRQ RO HWKE
VXSSRUWLQJ SODWIRUPV

$GGLWLRQDO H[DPSOHV Rl FXVWRP RSWLRQV
7HFKQLFDO DQG PDLQWHQDQFMHLGERRUV VHH H[DPSOH LQ
&LUFOH DLU GXFWLRBURVV VHFWLRQ
62 FRQWDLQHU LQWHJUDWHG WXUQLQJ VHFWLRQV
$LU WXUQLQJ ZLWK IORZ D[LV URWDWLRQ
1RQ U DLUIORZ WXUQLQJ DQJOH

)LJ &XVWRP WXUQLQJ VHFWLRQ DVVHPEO\ HIDPSOH
/IHIW &LUFOH VKDSHG ILEHUJODVV GXFW 5LJKW = QRQ S

WXQQHOWHFK HX RI
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$33(1',; &25( 7(&+12/2*<
7XUQLQJ YDQH LQIRUPDWLRQ

$ GHWDLOHG LOOXVWUDWLRQ RI WKH WXU®QLBHEORXQH ®GF VW PI
JLYHQ IXUWKHU

YLJIS$ 77(79 7XUQLQJ YDQH JHQHUDO YLHZ DQG FRPSRQI

77( 79 WXUQLQJ YDQHYVY FRQVLVW RI WKH IROORZLQJ
$QRGL]JHG DOXPLQXP ERG\ 7 DOOR\

/HDGLQJ HGJH FRROLQJ FKDQQHO 2 LQOHW KDOI FKDQQH:

JHDGLQJ HGJH FRROLQJ FKDQQHO RXWOHW KDOI FKDQQ
&HQWUDO FRROLQJ FKDQQHO LQOHW KDOI FKDQQHO &K
&HQWUDO FRROLQJ FKDQQHO RXWOHW KDOI FKDQQHO
7UDLOLQJ HGJH FRROLQJ FKDQQHO LQOHW KDOI FKDQQ
7UDLOLQJ HGJH FRROLQJ FKDQQHO RXWOHW KDOI FKDQ
)ODQJH ZLWK FKDQQHO SRUWYV

%OLQG IODQJH

&RRODQW LQOHW RXWOHW SRUWV IRU FKDQQHOV DQG
&RRODQW LQOHW RXWOHW SRUWV IRU FKDQQHO

9DQH PRXQWLQJ KROHV 0

WXQQHOWHFK HX R
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YLIS &RPSRQHQWY RI WKH WXUQLQJ YDQH LQFOXGH FKDQQH
DV ZHOO DV PRXQWLQJ KROHV

YLI$ 7XUQLQJ YDQH FRROLQJ FKDQQHOV &URVV VHF

WXQQHOWHFK HX
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)LJS$ 7KH LOOXVWUDWLRQ VKRZFDVLQJ WKH PHWKRG RI DWW DG KSLADIWY
WKH GLDJRQDO VXSSRUWV RI WKH WXUQLQJ VHFWLRQ 77( 76

YLIS 7XUQLQJ YDQHV 77( 79 LQVWDOOHG LQ WKH WXUQLQJ YDQH GLE
VXSSRUW KDV QRW \HW EHHQ PRXQWHG GXULQJ WKH ZLQG WX

WXQQHOWHFK HX RI
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$FWLYH FRROLQJ V\VWHPYV

7KLV VHFWLRQ SUHVHQWY DLU IORZ VFKHPHYV UHIULJHUDQW
GLDJUDPV

B )oDQiH g
A )
|RJHEPQHV

YLJIS$ JORZ VFKHPH UHDO H[DPSOH 7XQQHO 7HFK 3)

_. &RRODQW LQOHW OLQF
- &RRODRNWOHW OLQH

.QdHW PDOQLI 2XWORDQLIRC ,QORWQLIRO 2X WO L IR

!_ i 7XUQLQJ 9 ) _‘ ’_ "H®  7xuQLQJ 9D _‘

' L Q WKH $ VLG Y, L@ WKH % FTCH
il VHFWLRQ F _L _| Q FR

| —_—FE—.- e~ _,__:%_—_— | ! =

IaamiEIENE

13 :
$ VLGH v
P sy

7XUQLQJ VHFWLRQ DVVHPEO\ ZLWK WZ

®

N
)}

7R WKH FRRODQW
I

YLIS 7KH GLDJUDP LOOXVWUDWHY WKH PDQLIROG SLSLQJ IRU D FRR
VHFWLRQ 7KH H[DPSOH GHSLFWV RQO\ WZR YDQHV LQ IHD EK HAHFQWM B Q |
VKRZFDVHV WKH SLSLQJ IURP WKH PDQLIROG WR WKH YDQ

WXQQHOWHFK HX R
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e VeV U UaWe
L * il - &KDQQ RXWOF
YLIS &RQQHFWLRQV EHWZHHQ WKH FRROHG WXUQLQJ YDQH DQGQMION

DUH LOOXVWUDWHG 7KH H[DPSOH IHDWXUHV D VWBQGDQGHSRQ W K®IDE
L0 GHQRWHY WKH FRQQHFWLRZ0 WR WHKH LRXMHWH W DR QR OREO G
DQGVLIQLILHY WKH FRQQHFWLRQ IOH[LEOH KRVHV
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YLJIS$ 7XUQLQJ YDQH PDQLIROG DVVHPEO\ + H[DPSOH GL

WXQQHOWHFK HX RI
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YLIS &XVWRP PDQLIROGYV

WXQQHOWHFK HX RI
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$33(1',; $,5'8&7 /2&%/ 5(6,67$1&( '$7%

7DEOH $ U GLDJRGDOGXFW ORFDO UHVLVWDQFH YV DLU VSFH

G3 1Y 8 FRGH R
$LU VSH ~
oy G3 30 |

7DEOH $ U GLDJRBOQVLRQ $LUGXFW ORFDO UHVLVWDQFF

G3 | Y ( FRGH
$L$J\>/SH G3 3

WXQQHOWHFK HX RI
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$33(1"',; +<'5%$8/,& '$7%

7DEOH $DWHORZ UDWH 4 YV SUHWMGDH BHIMBHAHD) LQOHW DQG

Q (m3h) v.s. © Fater (kPa)
Summary water flow rate through all three vane channels v.s. water pressure drop
between the inlet and outlet ports for different the turning vane lengths. (*)
Standard piping scheme.

Lmeten 45 2 25 3 35 4 a5 5
Turning vane length

0.5 0.779 0763 0.757 0.750 0743 0.727 0.723 0715 0.717

1 1123 1113 1.095 1087 1.080 1.062 1056 1.047 1.030

2 1580 1.557 1548 1540 1.522 1513 1505 1.487 1.478

3 1.932 1.916 1.896 1886 1.866 1.856 1.847 1.827 1.817

5 2493 2474 2452 2429 2418 2396 2385 2363 2.352

8 3154 3119 3.095 3.081 3.057 3.043 3.019 2995 2.982

10 3521 3.494 3.467 3.441 3415 3.400 3.374 3.359 3.334

X 12 3.858 3.819 3.802 3.774 3.747 3.720 3704 3.677 3.652

0 3vater | 15 4312 4271 4.241 4222 4193 4164 4.136 4.108 4.090

(kPa) 18 4719 4686 4.644 4.625 4596 4.563 4.533 4503 4.474

Tuming 20 4.980 4934 4.902 4.869 4.840 4.807 4770 4744 4.724

vane 25 5563 5514 5479 5446 5411 5376 5341 5307 5.274

inlet-outlet 30 6.099 6.030 6.000 5952 5927 5881 5845 5810 5.770

dhrote | 35 6581 6.526 6.475 6.433 6.398 6.349 6.302 6.269 6.227

40 7.026 6975 6.925 6.871 6.828 6.780 6.747 6.701 6.658

50 7.866 7.783 7.736 7.683 7.631 7.579 7.527 7.483 7.447

80 9.950 9.842 9.790 9.714 9.660 9.580 9.509 9.446 9.395

100 11.084 11.017 10.941 10.861 10.807 10.701 10.624 10.556 10.489

120 12.145 12.055 11.978 11.889 11.824 11.725 11.630 11.555 11.503

150 13,573 13.488 13.402 13.295 13.215 13.106 13.025 12.921 12.843

180 14.872 14.785 14.687 14.558 14.486 14.360 14.236 14.135 14.060

200 15.681 15576 15.471 15.338 15.264 15.130 14.999 14.907 14.795
6WDQGDUG GHYLDWLRQ ©4 7KH GHSHQGHQFH RI ¥ RIQD® @GV

FRQQHFWRUV DQG PP IOH[LEOH KRVH VWDUW HQG SLSH VSDFHU IRU F
ORQJHU IOH[LEOH KRVHV RU RWKHU FXVWRP FRQQHFWRREXCGJHH XEWUY B R\
FXVWRPHU:-V PDQLIROG SUHVVXUH GLITHUHQFH WR JHW WKH ©3 YDOXHV S

WXQQHOWHFK HX RI
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$33(1',; +($7 75%16)(5 &2()),&,(17 '$7%

7DEOH $ +HBW WUDQVIHU FRUDLELUOMHGE7& V DQG €3BED Wl
FRQGLWLRQWW B& &RROLQJ ZDWHU WHPSHUDWXUH U& 6F
YDOXHV DUH &)' FDOFXODWHG

+7& ©3%7xs N3D
$LU
VSHH
PV
$ PD[LPXP DEVROXWH HUURU RI FDQ EH DSSOLHG WR FDOFXODWH W]

Rl DLU IORZ IURP WR U& DQG FRROLQJ ZDWHU IURP WR U& LQ DQ\

7TDE®H 2% +HDW WUDQVIHU FRHUIDLELWMMHE7& V DQG ©PRPRDWN\

DLU FRQGLWLR®W U&(PSHULPHQWDO LQOHW FRROLQJ ZDWHE
6HHDOVR 7DEOH IRU GHWDLOV

+7& ©3%7(s N3D
$LU
VSHH
PV

+LIJKOLIJKWHGDEIHXHVWOH GHULYHG WKURXJK LQWHUSRODWLRQ RI (
VSHFLILHG H[SHULPHQWDO UDQJH DV RXWOLQHG LQ WKH 7DEOH 7KH P
FRQGLWLRQV IDOOLQJ ZLWKLQ WKH H[SHULPHQWDO UDQJH KGBUHWVYRULEKE)
DFNQRZOHGJHG DV ” RI WKH KLIJIKOLJKWHG UDQJH ([WUDSRODWHG GDW
WR DVVHVV WKH GLIIHUHQFH ZLWK WKH H[SHULPHQW BPMHVKRXOG EH FKI

WXQQHOWHFK HX RI
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$33(1',; 5(/$7(' 352'8&7 7<3(6

7TXQQHO 7THFK SURGXFWYVY UHODWHG WR WKH WXUQLQJ YDQHYV
DFFRUGI/QEWMR$(DFK W\SH KDV LWV RZQ SURGXFW JURXS FRG

7DEOH $7XUQLQJ VHFWLRQ UHODWHG SURGXFW W\SHYV

B3URGXFW| 3URGXFV 3DUW W\SH 0L $YDLODE 'DWDVKHHW
VHSDUT
SXUFKD
77( 76$ GDWD
7XUQLQJ VH
7KLV GRFXA
SVVHPEO) 7( 763 $VVHPEO\ < G

25'(5,1* *8,"'(

3DUW SVRUGHULQJ

< GHVFULEHG(
7XUQLQJ Y@ 77(79 7 DOXPLQXP &

$SSHQGL]

S8VIRUGHULQJ
G7LXDL3QRLQDJOVDH 77(76'$ $VVHPEO\ < GHVFULEH(
Q $SSHOQGL]

6LGH GLDJH 3DUW

VXSSRUW R| 77( 766"¢ & &XVWRP RU
WXUQLOJ VI &DUERQ VWH

&HQWUDO G 3DUW

WXUQLQJ YDQ 77( 76&' & &XVWRP RU
RI WKH WXUQ &DUERQ VWH

3DUW $YDLODEOH H

7XUQLQJ YDQ 77( 79) 7 DOXPLQXP 1 SDUW RI D WX
DUW

JOH[LEOH K| 77();+ 3bU & &XVWRP RU

6WDLQOHVYV VWH

ODQLIROG DV

&XVWRP RU
WKH 7xU0LG| 77(760) $VVHPEO\ &

$YDLODEOH R
7XUQLQJ VHF| 77( 76"'"" $VVHPEO\ DV D( 1 RSWLRQ IRU 7
RU 77(768%

<2 2UGHU LV SRVVLEOH E\ RUGHULQJ FRGH IURP WKH FRUUHVSRQGLQJ G|

<7 27HUPV Rl WKH FRQWUDFW QHHG WR EH DJUHHG XSRQ W2UDGU M LDBIS D\ £

12 6HSDUDWH RUGHULQJ LV QRW SRVVLEOH

&2 30HDVH FRQWDFW XV IRU FXVWRP RUGHU GHWDLOV 2UGHULQJ FRGHYV
1 DQG & RSWLRQV PDUNHG ZLWK ZLOO EH DYDLODEOH HRW 8 >RUF KRQM

WXQQHOWHFK HX RI
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$33(1',; 7851,1* 9%$1( 25'(5,1* ,1)250%$7,21

7XUQLQJ YDQOHV¥VDRR7EH RUGHUHG DV D VHSDUDWH SURGXFW

BHOHFW I10ODQJH ORFDWLRQ DFFRUGLQJ WR WK (IR UMBDW
FKDSWBQLIROG ORFDWLRQ DQGSPDDUQDSRIRUPDWLRQ

S3OHDVH XVH WKH IROORZLQJ QRWDWLRQ

77(79 B |/ B B B E

7XUQLQJ YDQH OHQJWK
LQ PP PHDURBWIXUQLQJ YDQH EHWZHHQ IODQJH
PRXQWLQJ VXUIDFHYV

)ODQJH ORFDWLRQ

6WDQGDUG RSWLRQV

)$ £ 3BRUW IODQJH DW WKH $ VLGH EOLQG IODQJH DW WKH
)% + 3BRUW IODQJH DW WKH % VLGH EOLQG IODQJH DW WKH
11+ QR IOD@RWVFRROHG YDQH

Vv |
(\)'DHQW@W&&\\/WRP RSWLRQV
¥ %RWK IODQJHV DUH EOLQG QRW FRROHG YDQH LW L\
UHFRPPHQGHG WR XVH 11 LQVWHDG
33 + ERWK IODQJHV DUFX\BWR® ROWQRIQV QR
K\GUDXOLF GDWD DYDLODEOH

$LUIORZ WXUQLQJ DQJOH

+ VWDQGDUG UHFRPPHQGHG

1RQVWDQGDUG RSWLRQV DUH SRVVLEOH REH URATEK HRWME HDWQ S ODHHH® MGRWE H D
30HDVH FKDQJH KHUH RQO\ LI FOHDU @\KXQGHUMMNQG ZK\ \RX QHHG R

+ + FXVWRP DQJOH

+ IRU VIPPHWULFDO DLUIRLO VKDSH KHDW H[FKDQJHU
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