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1. B=MNKi#ER  Background and progress

CERZREERSERIE S SR TR e (IEE

BEES) , BRAIHASSIRFEER. BMEERKEESME
YUTIR SIERDIE RS, 5 RFH.
The resistance of the HVAC piping system is also pertinent to the safe
production of industry (eg. accelerate the worn of the duct interior). Also,
it can induce aerodynamic noise, increase pipeline fouling and harmful
microorganism deposition, etc., causing accidents.

HAT, HERFAEFEL 58 EFE20%, HA@XTEEN S8

FUREFE15%~30%. SAERFE A & BB RS E /& 2I50% LA E.
At present, building energy consumption in China accounts for more
than 20% of the total energy consumption, of which the resistance of
HVAC system accounts for 15% to 30% of the building energy
consumption. The local drag resistance contributes to more than 50% of
the total resistance of the pipeline system.




Background and progress

HIEASIE
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. manufacturing
Unreasonable
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Unreasonable
installation

BITAGE

Tk, =B, TRE) | BE
BB, IREsERFIER, BE
sL, EEEN,

It is of great practical significance to

Unreasonable
operation

BN EEIER DT AR E R

optimize the local components for
HVAC ducts (eg. elbows, tees,
connectionning parts, etc.), to
reduce drag resistance and

Influencing factors of excessive resistance for HVAC

IMProve energy efficiency.




1. B=Mi#E Background and progress

> BFEME A/ Friction losses
X B GTeE IRk P ITH: AP =Ap |

Resistance loss along the duct:

BUEKNEERES , WERTRUE Ap -

Specific frictional resistance:
2ab

ERBNESUBEER TR TIRitE: g - 280

e

Equivalent diameter of rectangular duct: a+b j _ K N 2.51
J 3.71d, ReJA

AV
d 2

ERIB N R0 208w MM & JA
Friction factor can be calculated according to Colebrook's equation:
K  10° ]3

A A = 0.0055
Moody equation:

1+| 20000— + —
d

Re 7/66




. B=Mi#ERE  Background and progress

1
BERZNEBEX : ——=2/log(ReJA)-08 o 1.28
R (Re) ERHBR : 2000< Res< 0.32[5]
Nikuradse hydraulically smooth zone: Turbulent smooth zone d
e 1 I '
T i \(% N _ = _0
EE;‘M%IJFHJFUZ- T 2log K+’I 74 S - 032[ d]1 . Re<1000[ d]
Nikuradse hydraulically rough zone: 4102 Turbulent transition zone *
A=0.11 —
fARE X FAEFHMIRAR [ d] ERMER Re> 1000[ g]

[Iudpuncon formula for hydraulically rough zone: T rbulent rough zone:
0.3164

ZHT N - A= — N
ARRMIBIA - RET | BERIE I A AT IE %S Ve BRSO
Blasius formula for hydraulically smooth zone : The local resistance coefficient can be used to
> REEAmEAT evaluate the resistance characteristics and drag
Formula of local resistance loss V2 0 reduction effect.

BEEDTRA (Pa) AP = Z_ o

Local pressure loss



1. B=Mi#E Background and progress
> SAKESIREAYRES FEEL Energy dissipation caused by vortex

RN ERDElRERE T el ) JHPE 7y Brux

The volume fraction form and vector direction of dissipation term

Az

2 2 . / =, > INEL
. I od = J, ou, , du,\" [0y, ou, L[ 0u, ou, oy T Euy HE Bz
,U ax 0z dy 0z dy Ox

W [ 2

JRy B R - BEL ) Ta) R SE B 2 SR R e/ E R T IR R FER (WUMRERE L v N RERE, FERL
EEOK, W ONUREEER N o IR IRIE, RIS E PR E .
The problem of local component resistance is essentially the energy dissipation under the influence of

the air vortex (the process of converting mechanical energy into internal energy, the greater the dissipation, the
smaller the outlet mechanical energy). Control the vortex of the airflow to reduce resistance and consumption.

9/66



1. B=MKi#ERE  Background and progress

MATIARA R, AR TL Tt oAt RN R ERAA A PN o R 12k &Eﬁﬂﬁiﬁmmﬁ%ﬁ
VI-2 (BOARIRZREitt), WE RS , EhlmiesnE MEREE, BUNERRE, FEile
fH, PFFAKREBE PR .

From the perspective of the industry, change the boundary conditions is to change the vortex characteristics
within the local component. Alter the boundary condition VV1-2 of the integral of the dissipation term (vary the arc

structure, set the turning vane, etc.), control the vortex intensity and its range, reduce the local resistance loss by
decreasing the Velocity gradient and the value of ¢ .

BT IHEE RS R ) 240 & [ED.S.Miler, EEASHRAEFIAT 7P i SL 30 742

%mT%%R Rf?%%%@ﬁ%ﬁo
The local resistance coefficient of the HVAC piping system: D.S.Miler in the UK, ASHRAE in the USA and
the FSU have obtained the local resistance coefficient under common duct sizes through the experiments.

20t 2080, FENE R REBCR AT B BE . Har, WE R 1R
RH 7 % #20)>K H 32 [E| ASHRAE B Fundamentals HandbookF*DUCT DESIGN,
In the 1980s, the local resistance coefficient of ducts in our country adopted the data of the FSU. At present,

the local resistance coefficient of the local components of the duct adopts DUCT DESIGN in the Fundamentals
Handbook of ASHRAE in the USA. 10/6




. B=Mi#ERE  Background and progress

— g R S RO TR |, 6 IR A B R B RO T
BT 4 .

Some scholars have studied or analyzed the local resistance coefficient of HVAC pipes based on
relevant foreign materials.

RIFERE X R ERRENAR, A EE AT 78 5 1 -
In light of the differences in drag reduction area and working mechanisms, the current research on
drag reduction of local pipeline comprises:

(1) S F¥FE Turning vane drag reduction

(2) EF2SMPE Rectifier drag reduction

(3) E@EiINmfZ=X B A Duct arc surface drag reduction

(4) H w257 Other types of drag reduction 11/66




1. B=Mi#E Background and progress

(1) S9r F 9 FH Turning vane drag reduction
B8 T 4/ ) ] A B [ AL A i e BT 0 1, ORI e
FR /NI iE, B R A A AL AR BE 7D
The large vortices are decomposed into small ones through

sundering of additional solid wall towards fluid vortex, which
reduces the fluid resistance in the local components.

TE R e & R I B IS I, BENE R RO 95 T e
RIYERSEH

Adding turning vanes near the separation point of the vortex can
effectively weaken the range of action of the vortex.

SR P 0 B R A SRR P PO R DL B SRAEAT
The setting of the turning vanes needs to be combined with the position and strength of the vortex in the local
components.

BUAT I FCR ARG R RS RSE X, WIS KUE B0 K

Existing researches mostly focus on large-size air ducts, and seldom involve small-size ones.

B

‘ i

25
L le]

K2 /INik
I i AR A 8 L
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1. B=Mi#E Background and progress

(2) #2320k FH Rectifier drag reduction

F i A B RE A 2k o B 5 R BT e, HLAE A Ve
FE[ Rk 15D 10 — i BIAE FHVE RT3k 50D,

The resistance loss in the component is caused by the vortex
which is induced by separation flow, and its action range can

reach to 15D; and the action range of the secondary flow can
reach to 50D.

BT AR B RE 2 (R Rk B SR A 44 T i v eI ) ek HL

Rectifier drag reduction can reduce the downstream vortex of
local components quickly to achieve drag reduction.

ERaEABERmA—E“RiE", BEREELSF=
512 A,

The rectifier focuses on "rectification™ but not necessarily
"drag reduction”, the rectifier itself will cause resistance.

T O R AL PR 1S T i 34 i

13/66



1. B=Mi#E Background and progress
(3) EHEILET AR

Duct arc surface drag reduction

» i

BB IS, A, IR, IR < s
%M#Q%,ﬁ%%uﬁ\ﬁﬁﬁfﬁf,%ﬁ i

TR BETREE, A FEEH H

Change the radius of curvature, radian angle, cross-sectional Tﬂz'm,

area, etc. Through the deformation of the local components
of the pipe, the centrifugal force and the pressure gradient
strength are weakened, and the vortex strength is reduced to
achieve the purpose of drag reduction.

EEIIEERAME - eSS kA F AR ae s K B s> 25 ki i R ER e 7y, B 5= A Aa R
N SE R R ONEN A AR S

Pay attention to engineering applicability: If the radius of curvature of the elbow is changed, the local resistance of the
elbow can be greatly reduced, but the construction space is limited, and the large volume of local components affects

the installation. 14/66



1. B=Mi#E Background and progress

(4) HARZERIJELFH  Other types of drag reduction

EEARMS S F R EEsE N ThhmV 2
PR %ﬁﬁm*“?ﬁﬂﬂm% % W T A
LI AL . AEIE S PR ek (B 7 s BEL 55
) MR TRE— BT

Adding polymer drag reducer, processing the axial V-shaped

Jl SEL 771 9 L

Vg e Drag reducing
‘ (../ agent

JER R PERE  BELIEAZ ]

[T 2% 1 9k PHL
Drag reduction

groove on the wall surface, adding polymer coating to the
on groove surface

surface, etc. are more common in long-distance transportation

of oil pipelines. In the field of HVAC (drag reducing agent, etc.)

R 51
5300 9 2 1

applications need to be further studied. )
15/66
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2. BRI M H 7R Drag reduction theory and technology
> 2SN R B SR B

The influence of air velocity on the local resistance loss of rectangular duct elbow
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Numerical simulation of various influencing factors of resistance loss 17/66




2. JFHEE IR TR Resistance reduction theory and technology
> 2SR BT R B SR ORI

The influence of air temperature on the local resistance loss of rectangular duct elbow
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L, IR F, NERATSERE—RZE3~15m/s

, SREE—RE15~ 30°CZ|EU FUEEIAF T
HnAAENE, N TR TARREENYT E.

The physical model adopts inner and outer arc type
as well as inner and outer right angle elbow respectively.
In modern buildings, the air velocity in the duct is
generally 3~15m/s, and the air temperature is generally
between 15~30°C. In the numerical simulation, in order to
find out the regularity of the influence, the working
conditions were expanded to different degrees.

18/66



T SLBE F195 5k 25 1002 M [E] 2= R BU{E AR U

Numerical simulation of various influencing factors of elbow resistance loss
> X ERESEEXNE LB NRKR I

The effect of rectangular duct width-to-height ratio on the resistance loss of
FREIZSEEESLEE ﬂ
Elbow model with
different aspect ratio Q /j ﬁ ‘” ‘
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elbows with different aspect ratios’“°

aspect ratio elbows with different aspect ratios
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Numerical simulation of various mfluencmg factors of elbow resistance loss

> BRNESSLHRFENESLIE BRI

The influence of the radius of curvature of the rectangular duct elbow on the reS|stance loss of the elbow

—_——

TR R FEE LR
Elbow model with ﬂ ﬂ ﬂ
different radius of

R/D=1 R/D=1.1 R/D=1.2 R/D=1.3 R/D=1.4 R/D=1.5 e
curvature m—
AIEE 5 6 7 8 9 1011 12 1314 15 16 17 18 1920212223
0.30 A - 100 -
—e— FRUELBOTRABENRS |
TR EREEELE 028 1 —v- TEBEFLROSARILERR |
NIRRT E 026 1ss
Chart of resistance s (2. T, lso = e
loss trend of elbows 5 SN, Jrs & =
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T SLPBE F195 5k 25 1012 Ml [A] 2= Y BB AR 1

Numerical simulation of various influencing factors of elbow resistance loss

> BERAFRHEGR (BERER) NEEXNESLmEANZE

The influence of uneven flow in the duct (internal drift) on the loss of rectanaular duct elbow

SYHBE (m/s) 4 234567 89101112

*nﬁUILIIRTg}m’:&bIﬁLLr— S
Contour for air velocity of elbows
under different drift conditions
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different drift
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FRMRER TR T B LR R R
The local resistance coefficient of
elbows under different drift conditions 21/66
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Numerical simulation of various influencing factors of elbow resistance loss

> RN EELAEEHERSNSAALRNRIE

Influence of coupling of rectangular duct elbows at close distance on air distribution

504 R AAELE: 4% 21% 36% 39% 5% 16% 45%, 31% 6%, 35%, S8%. 1% 6% 46%.  48%
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Schematic diagram of different elbow coupling modes
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T SLPBE F195 5k 25 1012 Ml [A] 2= Y BB AR 1

Numerical simulation of various influencing factors of elbow resistance loss
> BEREXNEELAEEHEREXNSIRARWNE

Influence of coupling of rectangular duct elbows at close distance on air distribution

ML PAT I MER =B WAEEAOEERE

Contour for speed of parallel to the axis Contour for velocity of vertical direction of axis 23/66
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AR
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Models of typical reconstruction schemes for different central axis

FRlch i 4L 8 B py

EAH EERRR T

Table of resistance

reduction effects of

typical
transformation
schemes for
different central
axis

Optimization of the arc of the elbow (central axis)

PZAIE0E, SR EME=FIMERNEBRELSSUE,
BN, PHERSEMIRER N,

The transformation of the central axis is essentially the overall
simultaneous transformation of the three arcs. Otherwise, the
transformation of the central axis is meaningless.

SREE | £/5 | BT L
-k 6 8.15 -
A 6 8.20 11.03%
B 6 8.23 11.51%
C 6 8.33 11.75%
D 6 8.04 11.97%
E 4§ 806 _ 1] _ 1Lb2% .
STORE TR T AR E
F 6 8.0 11.37%
-k 6 0.25 -
A 6 0.22 15.15%
B 6 0.25 15.69%
24/060b
C 6 0.24 11.95%




Bz init (FpslZk) Optimization of the arc of the elbow (outer arc)

i

ﬁﬁ!&ﬁ‘iﬁiﬁﬂ.ﬁ

BB

SNl BuE AR E
Schematic diagram of the
reconstruction concept of the outer arc

Pomt matrix for outer
arc transformation

I RHAE: 4567 8 910111213141516171819202122 I

200

HNNEBUERIZL,
EFism, [FEN

PRESk

A

ﬁ%ﬂ%&&ﬁﬁ%ﬁ%@
Schematic diagram of the reconstruction
plan for the outer arc of the elbow

— SR | &6 | HEEE LR
e B E3 % £
e DR =k 6 8.15 —
SNl &SR =S o
2EZE A 6 7.79 16.53%
Contour for airflow full B 6 8.10 10.91%
pressure of the outer arc o
transformation plan c 6 8.07 11.32%

REEB AT LR
SRHYPR DR,
The core of the outer arc
transformation is whether
the resistance reduction
effect after the
transformation is greater
‘ than the resistance loss

caused by the diameter
change.

BN LM IEBUERR R R X bR
Table of drag reduction effect
comparison of elbow outer arc

optimization transformation

25/66



*J—EJLR%%H’JW{ (R5k2%) Optimization of the arc of the elbow (inner arc)

ﬁ ﬁ ﬁ ﬁ ﬂ PRI,
4 - r?&LE,Em%
Uiy A BBRS L OB

_ mamz)%aﬂz‘;ﬂﬂ = ‘ “ . ‘ ITRYSTRIRNE iU X

z BEHR o
Rl & oUEHEREE Point matrix for inner The core of the inner arc
Schematic diagram of arc transformation ’ B RNANESEREE transformation is whether

the reconstruction
P concept of the inner arc _

— 1215141910 17

it can eliminate the
negative pressure area of
the vortex near the exit

Schematic diagram of the reconstruction plan for
the inner arc of the elbow

' wwmzwwmvl o section of the elbow after
e SRR | &5k | BBAR | BEEELEREL the Transformation.
i - ALY s, -
R s B il F B SL NI R ECUEEPERYL
= ENithE
| DTS 5 - :

. ad o — 5 6 8.15 0.24 Table of resistance
RIS S RS 9. reduction effect comparison
2E=E _ of elbow inner arc
Contour for airflow full | = A 6 7.82 0.22 15.95% optimization transformation
pressure of the inner arc




SR (ZREMIMsI)

Optimization of elbow arc (comprehensive inner and outer arc)

ﬂ ﬁ ﬂ /j fj Sk | R | AL
. % b B LA NSNITRE

ﬁ /j Kj Kj AR R LT
Comparison table of

6 8.15 —

Qs

S drag reduction effect
for comprehensive
A 6 8.00 12.48% inner and outer arc
elbow
B 6 7.91 14.29%
&L ARSIRE AL SRR EE ¢ 6 8.12 10.46%
Schematic diagram of a typical plan for comprehensive D 6 7 64 19.21%

inner and outer arc elbow

BRI, ST BRI RT3 R TIES, TR,
Numerical simulation is carried out by coupling the three schemes of inner arc line and outer arc line with better drag
reduction effects.

BYERSITAN, FEMRERTFNEL, FIEREBSRTFHIRNINIES.

Through the analysis of the results, it is found that the elbow with the best drag reduction effect does not come 27/66
from the best combination of inner and outer arcs.




’%RQ;EI’{I &*}L%'ﬁt'f{ Expansion optimization of elbow

PR e PREGETL e kiR

i ROGEHEREE
Schematic diagram of the

expansion reconstruction concept LY Bis
M A ETREE

\ P 012345678 910111213141516171819202122

] 171275 3

a typical scheme for
o Bt expansion

hies —I D&

o s— T

N Bl RUELENSHREETE
& Contour for airflow full pressure of
elbow expansion reconstruction
concept

RAEE O i S — T

P DU S A

The key points of expansion optimization:
1. ¥ JEKE Extended length

2. ¥ REJ5 [\ The Direction of expansion
3. RLAIZNN Increasement in cost

Schematic diagram of

e optimization of elbow

SEMBL | BT LR By EiEps
Table of
A 7.74 17.43% resistance
B 296 13.33% reducUo_n effect
comparison for
C 7.73 17.49% expansion
optimization of
D 7.75 17.22% elbow
E 7.32 115.01% 28/66
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425 . (RO & | A IR ,
Traditional elbow( circular arc) MK RH /7725 =) Our invention(curved
E— - — . low resistance elbow)

1% 430725 S R e KA AR R BB
SECBH 72K | YR e 2R AN YH O
The vortex of traditional elbow The vortex basically disappears by

leads to high resistance adopting the technology of our invention 29/66



SREERAMK Optimization of guide vane for elbow erection

ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ SmERE | SEpUk | AR IRl E
FREE Sk /4t inSFi A 1/34%b NS A 1/ 25 SF A 2/34bInFHH 3/44E NS 6 815 -
SRAEEARMNE FRAEE A 6 8.14 11.05% Shh%Rig
Schematic diagram of different positions of FRAE.
turning vane erection B 6 7.94 13.70% B &% %
RXEbR
ﬁ ﬁ ﬂ ﬂ / = 2 1.9 14.18% Table of
D 6 8.04 11.90% drag
90" QWML ARk Az 3 B Sk reduction
SFERE | £EHUL | HEE AR | comparison
of different
FRAKESRAFFTRSIEE &k 6 8.15 — position and
Schematic diagram of different length of turning vane A (Of number
, A ; J > J ‘, A ‘" ) 6 8.26 12.12%
s - ' Vs
e r - “, ‘<, )
A P P F%D HEE B 3H) 6 8.16 10.17%
ENCES WP O -2 C (4f) 6 8.04 11.98% 30/66
Schematic diagram of different number of turning vane -
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Curve formula of elbow optimization transformation
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Diagram of data fitting comparison between the inner and
outer arcs of the comprehensive optimization

Yo mm

e P ERRESNE o
so0 | e F RIS LA {
(

1A E%%&[\%% B l—0.5(1—.’am‘:(k:(.\'—.\‘d)]))en'“‘”""‘I“""‘”
700 | —v— FTLAINLR R=09962
600 + /
500
400 + y=y0+ Ae‘i

1 r-o097
300
200 +
100 -

0 |

— T T T T " T 1T T T 71
-100 0 100 200 300 400 500 600 700 @800 900

X&h mm

T RIERERINILEIR IS X LEE
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AL S SkPfE SETw Ba UE

Optimized elbow drag reduction experiment verification

XU HIAE 2D 1R
PRI RUEF I b Material of air duct -
Manufacturing steps of air duct ﬁé ]3] éRT‘I‘
12958 1.2 galvanized steel sheet -
P ETET WK Disintegrate of construction blueprint N . Full size of Sample
1.08%%F 48 1.0 galvanized steel sheet
0.758% -4 0.75 galvanized steel sheet

K& FEFF R &} Unfolding and cutting of air duct
R L% Riveting of air duct assembly
BARGES R

Comprehensive cost analysis

0.68%E:4M R 0.6 galvanized steel sheet
0.58%E:4M MR 0.5 galvanized steel sheet

5UH Proj LEEL IR Installation procedure
U H Project —
) 7 Z2#4F Hanger fabrication
f 22 %% Hanger installation

nTA7 44 2% R AR H A 2 -

Processing ‘ — :

material fee Cost of duct steel plate RV i %% Hoisting of air duct
HLE X 223 Air duct installation

FI RN

R4 Devices connection SRARAEL

Labor and machinery cost




T e fERIR Best shape of elbow

ZE PSR E L rEE %

B TR R R

Drag reduction effect of the
optimized shape for elbows

B EE AR S Sk I e L 5

ﬁj\; Tot% Ei%rf?oss Increase / decrease ratio
compared with standard elbow

fest 8.15 -

A 8.00 12.48%

B 7.91 14.29%

C 8.12 10.46%

D 7.64 19.21%

E 7.93 13.40%

F 7.86 15.18%

G 8.02 12.35%

H 8.03 12.03%

| 7.89 14.62% 33/66




B HESRITHALE Best turning vane position for elbow

= AR
O ﬁ ﬁ Turning vane drag
reduction

PR Sk /440 S8 Fr 1/ 340 S I Fr
SRRk M EEARHESS Sk
Total 12 b e
pressure loss Increase / decrease ratio
VSRS 2/BMBRA  3/AmSUH compared with standard elbow

PEZ Y | 815 —

A 8.14 11.05%
B 7.94 13.70%
C 7.92 14.18%
D 8.04 11.90%
E 8.07 11.44%

SR A HAE L RSk

Optimized Traditional 34/66



DRSS REREME
Optimized position of the turning vanes in the tee

(b) ARy tb

(@) Tt
Single flow rate ratio o ‘ \
BB =B R A A AL L

Comparison of the best turning vane positions of five types of tee

Variable flow rate ratio
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Tee drag reduction technolog

resea% and development

—a— B,
—_— Wi Lo
0ol — T ) p—

o
-]

ELURBBARNT

=]
o

05 T T T T T T T 1
0.05 010 015 0.20 025 0.30 035 0. 40 0. 45

ViV

SREZBTHH20de, FIAFTZHKE T €

When the air flow is 20 de downstream of the

tee, the Tluid gradually returns to stability.

PRI EBEEE N ES R EWELL Vy/ VRS
N, B ERERENDEREG ZFHEE.

With the increase of the velocity ratio 15/, of the
branch duct to the main duct, the local resistance
coefficient ¢35 of the branch duct gradually decreases.
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Tee drag reduction technology research and development

E=BEE L, SEPOESREGEERINSREN, E5k
E=iE%, SEE=BlREREATEE=BNEE, =&~
7, EEPOLEESEERNSRERES, RE=8MNAY
RESIEA, ZFEHRY, FEXTITE=BEE, itk
KRE(wRE, FHNIINRETD.

In the upstream of a straight tee, the centerline velocity of the duct
increases along the flow direction of the duct; near the tee, the
velocity on the side close to the tee is greater than the velocity on the
: side away from the tee; downstream of the tee, the centerline velocity
\ of the duct follows the flow direction of the straight duct gradually
incline, the speed near the tee side increases first, and then gradually
decreases, and is greater than the speed far away from the tee side,
the fluid shifts, and additional resistance is added.

£
53 THZ =1 i ]
Sectional view of shunt T-shaped tee
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TRTIEE=Z1BIRE.,. £

Numerical simulation of velocity field and pressure field of split-flow T-shaped tee

MAEZ=EBYREEYE, E=ERRaRIMU
FRBAENSEX, =@ERnAa RN KBEE
HIEEX. B2ETESEBERELL Vy/ VB
, BEEE MrREEI=BNENS R FE=EMN
Vy/ Vi=0.189, BEFOE 1/ V4=0388, BrEhOmEE | B0, ENRERS, &k T RERRK.

EEE EE
Contour of velocity at center Contour of velocity at center plane | The fluid is diverted to the branch duct through the
plane height when V4/V,=0.1 height when V,/V,=0.38 tee, forming a clear high pressure area outside the

tee flow direction, and forming a clear low pressure
area inside the tee flow direction. When the speed
ratio 15/ 14 of the branch duct to the main duct
increases, the pressure on the downstream side of
the straight duct near the tee is greater than the
pressure on the side far away from the tee, and the
pressure shifts, causing local resistance losses.

Vy/Vi=018], BEFRLE Vy/V4=0.380, SEHFOE
[E7E [EFE

Contour of pressure at center ~ Contour of pressure at center

plane height when V,/V,=0.1 plane height when V,/V,=0.38 39/66




TRTIEE=Z1B1ERE. £

Numerical simulation of velocity field and pressure field of split-flow T-shape tee

Vy/ Vi=0.18, X,
EEEAEHD
HoEERIEE
%
Velocity of the center
plane of the |duct
height direction along
the straight section
when V,;/V,=0.1,

v,/ V,=0.38R¢,
NESELRF

O ERE R
B

Velocity field of the
center plane along the
straight duct section in
the height direction of
the | air duct when
V,/\,=0.38,

BMREE, =8 Ny, SEXESREREL V/ VIEXE, BEEEREERE.

straight-through tube offset will act more obvious.

=\ L, POSGEEXTROLANEE, =@t —BRMNEEREEATEE=

At the upstream of the tee, the centerline speed is greater than the speed on both sides of the centerline. Near
the tee, the speed of the straight duct section inside the tee is greater than the speed far away from the tee.
At the downstream of the tee, when the speed ratio of the branch duct to the main duct V4/V, increases, the

40/66




Turning vane drag reduction method

an#[RNi75ﬁ§

S I6 U6 UE Experimental verification

> AMAE=ERTELG

Five different tee and reducing methods

1. EEEARZR. BXERTR

The straight- through pipe and the by-pass pipe do not reducing

2. BEEATR. EXBEDR

The straight-through pipe does not change its diameter, while the by-
pass pipe reducing

3. BFETR (BERLX) . BXETR

Both straight-through pipe (alignment on one side upside) and by-pass
pipe reducing

4, HEETR (BEFETYE) . BXETR

Both straight-through pipe (alignment on the lower side of one side)
and by-pass pipe reducing

5. BEETE (WEk) . SXETE

Both straight-through pipe (double-sided deviation) and by-pass pipe
reduction

41/66




SRR BPFEFIE Turning vane drag reduction method

H 14/ V=010, HEFRY
RESRAEa/ [3=0.35

When V,/V,=0.1, the
recommended turning vane

i5at a/1;=0.3.

51/ V=028, A
RESMAEa/[=0.44b
When V,/V,=0.2, the
recommended turning vane

A5/ V,=0.307, HEHNRES
mhTEa/l;=0.6%t, E=E T
AT BIRBERER.
When V,/V,=0.3, the recommended
turning vane is at a/ L5 =0.6.

isat a/1;=0.4.
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=EEAARERE
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2DPIVELLg
2DPIV experiment
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PIVSELZE PIV experiment

|
SRENFHRIX I,

Green indicates the shooting area
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Pl _

drag reduction

- <

withou

«

drag reduction

™ <

withou

«

Velocity field of CFD simulation
with wedge drag reducer

Velocity field of PIV experiment
with wedge drag reducer

5 CFDXTEE Comparison of PIV experiment and CFD

I

Vv, ,=1.07,
V, ,=0.94
CFDRPIV

Area Il

CFD and PIV
of V,=1.07,
V,,,=0.94
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RIIV,,=1.07 m/s, V,,=0.94 m/s CFDREH K PIVZIE &S

X1
iR
bt Lo |31
CFDR
PIV

Area |
CFD and
PIV of
seven
flow
velocities

m1=

m2

m/s

46/66



ERAD NS XS = @maHE I

The influence of branch pipe connection mode on the resistance of elbow and tee coupling

JLApERETT A s

Schematic diagram of several connection methods

T ESTERNEEZ TN, XEARAR
smE5TERERE, B/NERMND R
wIX e, B/hEERE A,

Change the connection between the branch pipe
and the main pipe, make the flow direction in the
branch pipe as close as possible to the main one,
reduce the confluence and diversion vortex area, as

\vnvlall nc tha lneal rocictanen

P CAD LTTG TOUOLUT TOUIOTIOLUTTOUL,,

ERRCRR G, ARCEZMEBERT
=i, AEBILTA, AED. EREXRETI
HAB 89,

Use a mixing box when connecting. Scheme C is
optimal in various situations, scheme B is better than
scheme A, schemes D and E do not achieve the
|

avnoetad
\V |

faVaYal fal
CI\'JU\JI.U HUU. I
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T~ = IR S R

Elbow and tee close coupling drag reduction

PRI EPRAEERREEEAEE
1£1/8

Drag reducer I: The radial distance of the drag reducer
Is 1/8 of the pipe diameter

> EFEEI . EfBHEEREIEEAEER
1£1/4

Drag reducer II : The radial distance of the drag
reducer is 1/4 of the pipe diameter

> RFEAII : EPEFEERFAEEAEER
123/8.

Drag reducer III : The radial distance of the drag
reducer is 3/8 of the pipe diameter

APE#TREE Schematic diagram of drag reducer 48/66
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Elbow and tee close coupling drag reduction

X THVACSE L, ek FEAT: () 5 KB A ) R B A BB O T8 B4R
> JBA{%¥ Drag reducer 1/4,

For HVAC, the maximum pipe radial distance of the drag reducer
e

should notexceedH4ofthe

BB ERFE 71 5 3L, o BE -8 BB SR R % L & TR TR FR 71 5 3L, o 0 B {4 L RR SR X H

Comparison of drag reduction effect of confluence local Comparison of drag reduction effect of confluence local
resistance coefficient {;; drag reducer resistance coefficient {,; drag reducer

49/66



T~ = IR S R

Elbow and tee close cou ling drag reduction
> (A RBEEEIMIZEERS  Optimize the shape and structure of the drag reducer

> ST AR TRBEENERE G, ERELV, ./ Vo< 1D, R AVIEHENES

Z, HEZERTF17.18% ~ 47.61% 218

For the coefficient of local resistance {,;under the confluence condition, and the flow velocity ratio
V.1/V3<1, the drag reduction effect of drag reducer VIII is significant, and the drag reduction
rate is between 17.18% and 47.61%;

> T ERLABEENRE G, GEERSBIEAEARE TR FRIMERER, R X
HORBESSEREAN, IRPEZRIX ~ 41.30%;

For the coefficient of local resistance ,; under the confluence condition, considering the drag
reduction effect of each drag reducer under different working conditions comprehensively, the
drag reduction effect of drag reducer X is better, and the drag reduction rate is 41.30%;

50/66
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Elbow and tee close cou ling re3|stance reduction
> (FeALRBEEIMIZEERS  Optimize the shape and structure of the resistance reducer

> TR LB N RSN G, BBEEVIFERIRLY Vi1 / Vins <0.8RIFA4 T IRBEZRAE T

12.73% ~ 23.89%2 |&];
For the coefficient of local resistance {4, under the shunt condition, the drag reduction rate of the

drag reducer VI is between 12.73% and 23.89% when the flow velocity ratio V,,;/V,,3<0.8;

> WF R LRBEEBENEEN(32, EmEbVm1/Vm3>0.509 1057 N AR SR A<
8, EREVM1/Vm3<0.58 TR T, EE X BRIFaImERIL, RIEZRT

10.21% ~ 17.90%2 ],
For the coefficient of local resistance (3, under the shunt condition, and the flow velocity ratio

V1/V,5>0.5, the drag reduction effect of the drag reducer is not obvious. When the flow velocity
ratio V,,,,/V,3<0.5, the drag reducer X has a better performance, and the drag reduction rate is

10.21%~17.90%.

51/66



(LS LERRREHIE Drag reduction mechanism of convex structure 52/66



=@t Optimization of tee

SEENES

ZEMENES
— nEEnsE
045 —_— EHETE
09
k41 !
eze .'.555 "
% .4:5: } ggg’: @ 06
= :+/. 8 os
oo Eﬁg/ ,
/,.d 42 oz
) ';3 01-
21 O "
Y

0.40 - 0.8+ BEhHES

0.35 B RS TIEERER
074 2

o0 —— M R

025} N

0.20 - )

ﬁ 0.15 4 ﬁ 0.5
0.10
5 0.05 g 0.4

Y

0.00

| 034
005 k
-0.10 024
0151 Traditional tee(T0) Teewith protrusion
-0.20 T T T T T T T 0.1 T T T T T T T

51 1.2 13 51 4:1 3 21 11 1:2 1:3
TEHNZEZEMNRENL QU/Q:
53/66
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Flow ratio between main pipe and branch pipe



=@t Optimization of tee

- ) SEISHEB

(

-0.05
-0.10 -
-0.15 4
-0.20

0.70
065
0.60 -
0.55 -
0.50 -
0.45
0.40 4
0.35 4
030 4
0.25 -
0.20 -
0.15 4
0.10 -
0.05 -
0.00 -

FENZEE :
5B (T0)
SESFT=H (IN)

BEISTE=E (TN)
HVAC handbook (2003 ) f£=& (10)
Millerfs%=i& (10 )

FHE=E (TN)

T T T T T T T T T ¥ 1
1 3

2 4
SBFERSHTRAEL Q/Q()

Flow ratio between main pipe and branch pipe of tee
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Drag
reduction
of HVAC
piping
distributi
on system

RERNZA  Content

yean FE Background and progress

AL Key component

I R Drag reduction theory and technology
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X &3 [ >1000mm = 1B (L2545

Optimized structure of tee for duct width greater than 1000mm

EREEV,/V, 0.25 0.3 1/3 0.4
BE EBE EEE BI5 : HESTARUE B : BEZE
320%250 320250 320x250 | 0.5 | 19.3% | 0.5 | 9.7%
400%x200 400x200 400x200 | 0.5 | 15.0% | 0.6 | 9.9% | 0.6 | 4.8%
500%200 500x200 500x200 | 0.5 | 10.4% | 0.5 | 7.6% | 0.6 | 3.5%
500%250 500250 500x250 | 0.5 | 13.1% | 0.5 | 9.7% | 0.6 | 7.4%
500%320 500%320 500x320 | 0.5 | 28.5% | 0.5 | 24.9% | 0.7 | 23.6% | 0.7 | 21.6%
500%x400 500%x400 500x400 | 0.5 | 11.6% | 0.6 | 11.9% | 0.6 | 8.3%
500%500 500x500 500x500 | 0.5 | 21.9% | 0.5 | 10.0% | 0.6 | 10.6% | 0.7 | 9.3%
630%250 630x250 630x250 | 0.5 | 89% | 0.6 | 7.1% | 0.6 | 4.2%
630x320 630x320 630x320 | 0.5 | 93% |06 | 7.1% | 0.6 | 9.8%
630%x400 630x400 630x400 | 0.5 | 10.8% | 0.6 | 8.2% | 0.6 | 10.8% | 0.7 | 4.5%
630%500 630x500 630x500 | 0.5 | 16.7% | 0.6 | 17.7% | 0.6 | 16.4%
630%630 630x630 630x630 | 0.5 | 11.2% | 0.5 | 4.0%
800%320 800x320 800x320 | 0.5 | 9.5% | 0.6 | 81% | 0.6  5.7%
800%x400 800x400 800x400 | 0.5 | 12.0% | 0.6 | 7.5% | 0.6 | 7.2%
800x500 800x500 800x500 | 0.5 | 84% | 0.6 | 6.8% | 06| 9.7% | 0.7 | 7.0%
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X &3 [ >1000mm = 1B (L2545

Optimized structure of tee for duct width greater than 1000mm

R LV, /V

0.25

0.3

1/3

0.4

08

700

E&E

EEE

B4 :

HEESAAUE B/

e

1250x400

1250%x400

1250%x400

0.5

15.2%

0.6

12.6%

0.6

5.2%

0.5,0.6

17.0%

0.6,0.8

15.1%

0.6,0.8

10.7%

1250500

1250500

1250x500

0.5

11.9%

0.6

12.3%

0.6

12.7%

0.7

7.0%

0.5,0.8

12.9%

0.6,0.8

11.5%

0.6,0.8

14.1%

1250x630

1250%x630

1250%x630

0.5

12.4%

0.5

9.6%

0.6

10.6%

0.5,0.8

14.2%

0.6,0.7

9.6%

0.6,0.8

13.1%

1250x800

1250800

1250800

0.5

17.8%

0.6

10.7%

0.6

11.4%

0.7

10.2%

0.5,0.8

18.9%

0.6,0.9

13.0%

0.6,0.8

13.2%

1250x100
0

1250%x100
0

1250%x100
0

0.5

22.4%

0.6

17.1%

0.6

17.8%

0.7

13.3%

0.5,0.8

23.7%

0.6,0.8

20.7%

0.6,0.8

19.3%
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X &3 [ >1000mm = 1B (L2545

Optimized structure of tee for duct width greater than 1000mm

RE V.V, 0.25 0.3 0.35 0.4
28 EERE EEE BIG  ESAARUE B : BEZE
05 |17.0%| 06 |159% | 06 | 16.1% | 0.7 | 7.4%
1600x630 | 1600x630 | 1600x630
0.5,0.8 | 19.6% | 0.6,0.7 | 16.3% |0.6,0.8| 16.7%
05 |281%| 0.6 |22.8% | 06 | 22.1% | 0.7 |26.2%
1600x800 | 1600x800 | 1600x800
8 8 8 0.5,0.9 | 29.5% | 0.6,0.8 | 28.9% | 0.6,0.8| 23.90% | 0.6,0.7 | 20.4%
16001000 1600x1000 | 1600x1000 05| 244% | 06 [193% | 06 | 24.9% | 07 [14.2%
X
05,009 | 28.1% | 0.6,0.7 | 23.8% |0.6,0.8| 25.1%
05 |31.4%| 06 |21.0%| 06 | 26.7% | 0.7 |21.2%
1600x1250| 1600x1250 | 1600x1250
8 8 8 05,09 | 35.4% | 0.6,0.8 | 23.6% |0.6,0.8| 28.1%
05 |156% | 05 |10.1% | 0.6 | 14.1% | 0.7 | 9.2%
2000x800 | 2000x800 | 2000x800
0506 | 15.2% | 0.6,0.8 | 13.9% |0.6,0.8| 14.5%
05 |173%| 0.6 |141% | 06 | 19.3% | 0.7 |11.6%
2000x1000| 2000x1000 | 2000x1000
8 8 8 0.5,0.8 | 19.6% | 0.6,0.8 | 16.0% | 0.6,0.8| 21.1%
05 |14.6%| 05 |14.6% | 06 | 18.7% | 0.7 |12.5%
2000x1250| 2000x1250 | 2000x1250 >

66



\

2{117E1t2ﬂ:1‘/j Optimized structure of reducing tee

BE V.V, 0.1 0.2 0.3 0.4
BE EEE EXE Iy ESTARUE B HEZE
320%200 200x200 | 0.3 |18.1% 0.4 |19.5% 0.6 | 8.3%
250x200 | (FXI5%) | 200200 | 0.3 |17.7% | 0.4 |17.7% 0.5 | 10.3%
320x200 | 250x200 | (M E{m) | 200x200 | 0.3 |18.1% | 0.4 |18.7% | 0.7 | 4.2%
(XI55
250x200 ) 200x200 | 0.3 |14.4% 0.5 |12.5%
400%x200 200x200 | 0.3 |15.8% 0.4 |17.0% 0.6 | 11.0%
400x200 400x200 | 0.3 |32.6%| 0.4 [21.1%| 0.6 | 9.9%
320x200 | (FX45%) | 200200 | 0.4 |15.0% | 0.4 |18.4%| 0.6 | 9.6%
400%x200 _
320x200 | (WE{®)  200x200 | 0.3 |17.3%| 0.4 |19.0%| 0.7 | 4.6%
(EXF5%
320%200 ) 200x200 | 0.3 |16.5% 0.4 |15.1% 59/6




KB Optimization of key components

1. TESRER=E 6. [[B180° B REE

T-shaped shunt rectifier tee [ - shaped 180 ° rectifier elbow

2. TFE S RERTE 7. 90°EREHMEE

Cross shunt rectifier cross 90° rectangular rectifier elbow

3. FEMG AVEY SRR e B o It B I — 8. KPR A A AL H T AL F A

Rectangular duct Y-shaped symmetrical dovetail Low resistance square expansion variable
split rectifier tee diameter component

A FERMTEZEZEREE 9. RPN ARE K

Z-shaped rectifier eloow with rectangular sectior Low resistance square elbow

5. FaMZ NVE 77 b 2\ G T S T =18 10. {EBE N A R =1

Rectangular duct partitioned combined rectifier Low resistance square underpants-shaped tee
tee 60/66



%%ﬁdﬂﬁzﬁt'ﬂﬁ Optimization of key components
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9&%@*@1#1%1{ Optimization of key components
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9&%@1‘@1#@3“{, Optimization of key components
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KR (!3’3{)#) Optimization of key components (photo)
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Drag
reduction
of HVAC
piping
distributi
on system

RERNZA  Content

yean FE Background and progress

4 ﬁ: Key component

I R Drag reduction theory and technology
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INZE Summary

> BN ERE R SRR IZ R T o EE—8lD, FERDEM.
As a part occupied a large proportion of building energy consumption, the drag reduction of the HVAC piping
distribution system should be paid more attention.

> B X EN SRR R ARSI S TRIRFR S, (EXEEEEERERN10%LLE,
Through the experiment and verification of drag reduction methods for key components of the HVAC piping
system, the local resistance loss of the key components can be reduced by more than 10%.

> BRIBMLH A TBEX S EMEREEE, EXBXSERERFEFKRFERRERINRNRE.
The current optimization method is focused on the air-carry ducts in the HVAC system. Next we will aimed at the
drag reduction for water-carry piping system.

>RIEAAR EZ RO RARXERHNEEE, KIEEEEEEFHGIERE IRKEE RS S 1E
TEENERD, NI,
The previous researches are mainly concerned to reduce the local resistance of the key components of the HVAC
system. The friction losses during the long-distance pipeline system also contribute a great part of the resistance loss,
and the research work should be further carried out in the future work.

Novel method has been proposed in reducing resistance and energy consumption for heating and cooling

piping distribution system.
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