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Heat exchange effect of Broussonetia papyrifera leaves under low wind
speed conditions

SU Xing-jian, CHEN Shi-hui, LI Jing-jing, YANG Jing, YU Ya-zhuo, WAN Xiao-xia, YIN Zeng-fang
( College of Biology and the Environment, Nanjing Forestry University, Nanjing 210037, China)

Abstract: The convective heat transfer capacity of plant leaves is very important to understand the differences of leaf
traits and environmental adaptation mechanism. The convective heat transfer capacity of plants is affected by many factors,
and leaf shape is one of the most obvious and important factors. The leaf shape itself and the shaking will affect the convec-
tive heat transfer capacity. The two factors are highly coupled and difficult to separate. In this study, five-year-old Brous-
sonetia papyrifera leaves (‘heart-shaped leaves and cracked leaves) were selected as the experimental materials, and the
effects of leaf shape, leaf surface microstructure and leaf shaking on heat dissipation were explored. The results showed that
under the experimental conditions, the cracked leaf was more conducive to heat dissipation than the heart-shaped leaf, and
heat dissipation ability of leaf in edge part was stronger than that in the center part. In addition, the heat dissipation capaci-
ty of the leaf under shaking state was better than that under static state, and the heat dissipation capacity of the leaf in back
side was slightly higher than that in the front side.

Key words: leaf shape; heteromorphic leaves; laminar flow; low wind speed; convective heat transfer

FEPAE K IR A — B L JoE THY) EI’JDJrJ#JHJt B B — s RE TS
HAFLS EE R, = BRI R e R el P24
07 H 8 :2020-06-07 KE@EH%?L%V@ AR R R R A
E £ H ;2018 VLA KA QAL IIZE 15 H (2018102980537) (A TE 3% A K L K R e A T e A ) T A B A s
TEE BN I ATEE(1999-) , T VLo E DU N AR, BTN £ 2F S sty r1 (5] ;

5 5 TS, (Eanall) 1252256021@ gq. om, 5 TR R i = I U\ﬁﬁ%lkﬂfﬁfjﬁ o ”JriE’J

A HICHVRI AR 3 A6 2 RO (O F L B HLTE
BIFUEE . FHT5 , (E-mail ) zfyin@ njfu.edu.cn JEEZQ“ ‘:Pﬁigﬁzﬁﬁ ﬁ'ﬁ“ﬂﬂ%%”[’]ﬁ?ﬁﬁﬁﬂ E(szg




IRATESE AR T A I By B S 380 869

HEZ—" ) Andre 257 A I - BUIHF 5% B4 ME A5
FEAET I R BB P4 2k, BE LA (i
FOMBEHE R AR 1 52 e R 2R (A0 R AN RPN 5 24
Tk, DL ZE S R A i A S AR S . B TSR
PAAS I R EERAE BE R, A B TA H g
T XA T3 B R MRAT R R A T K R W 45 R bt 5 L
SABEAS R FSEAUHRLY Jr =X AR BT I L
UL R {H 76 5623 B S R AE R i /K A 4t
FEP S T EE R

TEH SR A ik R A 22 BRI 7 4 )
AT MELAS 25, I HL i 2 A i —3B 53, S AR
HAhFER 3520 , T B MR B2 17K PRSI g T I
ET AN R EENAE ST T B SN Gottschlich
SEH Vogel " HI 42 i i AR R MR R, Xt
A B ST TS X R A I B AR HE
bR T 25 HR RS2 (B 3 BT S H AR RO
A, AR = [ SR R 2R 0 O RRE LA
Bt AR B n £ AP BL sl e i 2 Fi R B
SRIB PR SRR = A ) R Ry i R R TR
ST L T T 2 — S YT, Morris
U IR A R AT — 2 st s B I Y
TRl 2 X AR R T 3 2 53 A1 77 A5, AT RE e
B DR R SR T S AR AR SR AR, 7T AR S 3K
RIRZE ) Schuepp " 23R 7E M R 2 1 4% 4 DL
B A A SRR (D4R EE S T R R
WEERE , Parlange 45 B0 R8T B E /DN, AR
PREE T R B FMEE S (BRI T I s iR, it
Hb ANFIFRSERE ) i R IR KON ORES 1 I
GAPEE RS i e X BT, 52 4 HL & B AR
BB ZA TR Z I IR AR YRR E 0 R
BRSO

A G AL AE 2 47 - e WA W) 2 R AT Y S Al
e BRI R R A S I X6 ik AR Bl 2 B AR
TSR ACR AT I E | (W] IR R i R TR T AR
ARG AR BN A, #E— DRI | R W45 44 % 1L
ROy, DU R i S A R S RIE 5 A K IR Y
FHOC SR AE R Bk

BRSO

1.1 RIe A
AW FE U B AR B A 5 A AR A R Y
R B A KL, ¥ ( Broussonetia papyrifera) J&

F 3B} ( Moraceae ) ¥ # J& ( Broussonetia) , M &)
URIE 22 KA IR BRI | e TORLARE | 4 Bt 6, 75 1T 2%
BT B Rk =, i K6~ 18 em, Bi5~9 em,
Seuimii R, BEARO T W R SR AF 14 2 5 AR A
Y, A3 ~5 2 BAT B SR REE

AR A A 32 ZALES A 2R AR KR (S M2
Y E D) JF-956A IR NG (K&
ST TR ) 24 BRICAGIR T AL (W
TEFEANFET 7 ) L AS852B LT APk I T AX ( A B AY
THFABRA A=) TR (5 3Bk
A BRA T =) R A (EPSON 28 /7= i) |
T DR A (A B AR AN R AT PR A W] 77 ) Fil K
RIS Ik (A B AR ASRAT IR | ) 46
1.2 R HE
1.2.1 #ARFEL Fik N T Ik 78 M I B
fief I 2 TR 1 (R B2 ], DR I T4, SR
P S B AR A I S 2 BRI VR dn A,
FH T R 431 85 ST 356 T bR B0 D) X Ak, L i v
100~ 110 em® PR F o R A SRR T 1.0 08 i A
T4 500 F, g5 45 1
1.2.2 Mktet 7 2 aF ey HBRS L L
5 R Ry i ) S A R B IR B 20 °C) (A 22
AN B I D AR I B A (TR R 23
C), FIH K B P R L FI AS852B £ 72l ik
ASCI 5 P R 1 T RIS T (0 2 1 K B
1.2.3 ad syt Rl EKA 2 ik
A kit 2 15 W00 e (PR 1) D DX A i
SRR, HARH 1.3 em BYIR], T 00 3R X 4 A /]
e, K 0 A BTG H G T E Mk B, &
ME R, N O &SF T 50 PR 2% TR
TR G AU H S5 3O TR R R
ik T e v A
124 HeHRETFrthh@egsbimhsztie ff
FHAH 0 5 BE Sk 25 T i R 3 1 B 6 I 30 R
B, WS EE S IRAAEAE 27 °C RS A XU A
FRFERRAS , 1852 v 7 7E KGR P, i e = ke O 1) 5
JRUTISEAT AR ) DR T 308 e 080 2 IR 25 IR
(R BE B AR IERT B KGR 1 m/s,

N T Bl A P A R S 1 0 T e, PR
K H5 A (R Sk A A 24 BEICARIR D X
AR FIE BT 5 em Ak [ 5 — 4 T EE 3l i)

D Sy
SEIRE



870 AN N R 3

2020 4E & 36 % 4 W

E1 WESTEE

Fig.1 Distribution of the measured points

PR G R e F R AT 4 ST gk
Fr s ot 45 °C IR IR, SR A H <6 s At g i
KRG LE R 7E G 1 my/s B KU v 30, 7643
J R L XTI 4 5 18] LE 3O At 00 JL e, 1A
KRS B Sk 10 SR IR R At BE AR A, e 24 %
LA I SRABCE A BB A B R SE V.06 1
P8R AL P | 5 24 B AH N A9t B2 A Al 2 03t
P8 [ P G2 BOXIR] A I R 1 B0 2 il R, it i
JBEARAL I 2T R R B TR A R KL ()

BT AW HUE F AR SRS T i AR
XA AL TR B R R G, RGTHUR

%%ﬁ@%@ﬁ)ﬁﬁqgﬁﬂiﬁﬂh

dQ 3
CC=h(T-T) (1)

ST NERBRIE T RS R TR A Y
B

BRI HAE N C (BRI 4O 25 iR
E&@%ﬁdmwgzaﬁA&ﬁum%

dT h T-T,
= (T-T,)= :
m C( 0)

(2)

ﬁ¢:%%ﬁ%%ﬁﬁ%ﬁﬁ?%%ﬁﬁﬁl

BRI R TV r FR MR M T
T-T.

T%ﬂn@ﬁ%ﬁ%ﬁﬁﬁ%#?;%ﬁffﬁ

RGN Ly T XF 7 A K (e 25 T IR 7 A i
LA RER
A o W I AR A 2R AT AR R B B

T-T,
ﬁT‘ﬁﬂTH%EE’JXﬂ‘ﬁ?ﬁ&ﬂ%%&(ho) o MIT

T 3 B X A P R K () S P O TN IR 6 R
WA R BN, 5 BR DL 2 BRAs skt fr 3k
[EIROR/R: ST 8

ARSI Fr SN 7 A 24 5 R T 2200
FIBAHZES & LR > s
HEIRA B R HAERE:,

TEARRR ARG OU R, nT A U AL

1§
—>— | Bi=0
ﬁn%h A ) Bi

AR =X (K) xk=0.6xk

o, Bi TG WY s h SRR X A

T RXT et R H 8 i 1R A R [
SRR BGE M R K E, © M h: 20~ 100
W/(m - K),8=0.000 35 m,k=~60%,
1.2.5 #HbER&ETrth A@megsmid 24
PR R AR LR S T I R 28 1 45 3
R AR R, T 245 R G HRAA A
XA RGEAS AR o IR B LA PR AL, i
TN TRLE DL R F i v AR A B S
=N DO PN DD BT LS A G I S = N P o o8
FoUE AN G M B IR H 571 I ARG AR
S, XA AT AT

1.5 /L A VA s B e O £ A T Al AR A
EL TR B NE 58 [ I i 0 P RG 7 Bl 2% 1, B
JEHEE ., N T Bk R S BN 00 2 il b R
W, TR AR L b I B 5 iR R — B s . 7E B s
SEAEEE e, AR T E 2 it R JR R 2 Al A, 1R
Femt gk, & a ¥ cE THEIR A G B
WE 40 C,

TR R XU B R R 4 S, BRIE I R T
KGR 1 m/s, [RS8 i 7 7c7E KGR Y A [ o7
B LIS AS R B SR 22 S5 0 e 25 SR i s
M, i R SRR A 5 ) 5 R AT AR R 1) XU
W], T B AT ERIR AR 5 AT U

fd 1 AS852B 21 47M 2 It ASC N 3L, 0 ik A T i
SO 2 E] B 15. 0 em, PRUE DR X 802 — A~ AR
H 1.3 em BB, [Rl— gl S A 3 I, BOE- (R L
W/NRZE

i R IR R R BT AL AR AT

F34f Stefan-Boltzmann & £33 J5 B #0485, AT



IRATESE AR T A I By B S 380 871

DL HZ AR e i) JRy il E P 2 =, BRI
E+R=H +oT; (3)
T, E HTR 73 5] 2 B A% 13 AR AN S A S Y

PR s H S8 5 S A 138 1) JRy B A R s o T 2

RSTERST IR . IR 4 AN EEE SR R SRR A

18 e s | A ] — I [ i) — 00 3l 5 03X 4 Ao

HEATIE .

AT 2R A PR Y il 22 SR AR (], 420

T A ST AR A [R], ELAH H X it SR AR/

ART L 22 W S S e B ) 5
E=H,=q - S (4)
A E G I H S i o) i A% 32 1) JRy

R CHE 5 g PIRE L ;S it R iR
q T LA i — HERS AL AR A

At - A

=5 (5)
o, g ARG A it R IR G s it

FrP YR, 8 (R ) ~ (0.30+0.02) mmjz, i

Fr AL 50, ABRIE ; Ar e, 5o, RG2S

q

Ap -
q=h - (to_tz)thA (6)
THECH X A 3 L RS I R TR R A R

ﬁho

FIH Excel2010 . Word2019 F1 SPSS_ Statistics _
v22.0.0.0 BT R R GIE
2 HER55T
21 HMRHAEASHRRE EARTAREE

FR A R i IR SR REANEE &
O R TR B 7 A BT IR R A K e R TE R
[l X 3 =2 R 25 5 B I i 221 1 R,
PR I R A S 4R &R B0 EE 32 4y il o 0.053 7
W/ (m + K)F10.120 0 J/(g - °C), i H ™ A 1E i
T 100 9 S SR AR 4230, 28 B I e I T R 7 1 R
K BHEE S A g 1 FEAAR ]
22 MEEENEESRENNES

ST BREE M R I R T RCEE A 22 5, B
P 2 X285 F4) AN [ T 2 B 1) B RE ) 25 57, AR5 L
BT R IR T I R L TR T A0 R ) TR
BT A R 225 X R R
A7 s 160 BELAS, T AR 2R 0 3 T ) RV IR: | RIVIRCR G | i
HMFRBOAGE S, F 2 BoR, OIEMERKE G A

TR ey, R4 K L H SR s, AR R
I 5 5 TR A R e 48 £ 2R B R AR o35 T i B JE T, X
Al P AR R A — )2 AR, S 30
G2 523 [ R TERR I R, NI 5 1 LR, (R
B, A % B T RE7E L e R B (0 2 AR LEX
PTG A FRRE T  AIE T F o
MHEMEZEN 1.9 CE SMF SMERERO.1
C., 3 WoR, # RS T 20t it R IE w1 1
XTI R B B 22 5

x1 MRHESRARE EASMRSE
Table 1 Thermal conductivity, specific heat capacity and reflec-

tance of Broussonetia papyrifera leaves
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Table 2 The temperature and convective heat transfer coefficient on both sides of the leaves under static state

S E T i E TR R 2R GROY RIS S A
o (C) [W/(m® - K)] (€) [W/(m® + K)]
A S (OTE) 37.1+0.24 40.5+1.86 37.0+0.26 42.3+1.79
A S (TP 36.8+0.22 46.0+1.72 36.9+0.21 44.2+1.86
B i (0B 36.6+0.25 50.0+1.44 36.5+0.24 52.0+1.89
B /& (FFZ4nt) 36.420.22 54.0£1.77 36.20.17 58.2+1.83
C M 36.9+0.20 44.1+1.89 36.9+0.24 44.2+1.34
D 37.0£0.19 42.3+1.91 36.9+0.20 44.2+1.71
E & 36.3+0.24 56.1+1.84 36.3+0.23 56.1+1.69
F A5 36.2+0.15 58.2+1.85 36.1£0.17 60.4+1.87
G 38.3+0.27 21.2+1.74 38.3+0.26 21.2+1.76
H 38.1+0.29 24.1+1.91 38.0+0.28 25.6+1.89
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F3 BUERSTHAAMHFEAMNTENRRARBNSEZFESN

Table 3 Multiple factor variance analysis of convective heat transfer coefficient on both sides of cracked leaves under static state

T3 2R Sk A A HE -y F{& P1H
it IE TR T 336.340 1 336.340 23.020 <0.01
WIS 21 750.931 2 10 875.466 744.345 <0.01
w7 1 665.629 114 14.611
Bt 230 908.110 120

Fa4 BIERSTOEHREARBANRRARBNEERRAE
S
Table 4 One-way ANOVA of convective heat transfer coefficient at

different parts of heart-shaped leaves under static state

95% {8 X 1]

i H YifE 2 P
TRR kB
AB5CH -3.300 <0.01 -4.639 -1.961
565 18.180 <0.01 16.841 19.519
CH5GH 21.480 <0.01 20.141 22.819
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Table 5 Convective heat transfer coefficient of leaves at different measured points under shaking state and static state

£t A A5 B i B A
i I B & : A 5 A A~ S o
(W/(m? - K)] CUIER)  (FEM) (o) (oRgn)  © D £ K ¢ i
h 41.4+1.83 45.0+1.79 51.0«1.72 56.1+1.80 44.2+1.73 43.2+1.81 56.1+1.75 59.3+1.86 20.0+1.94 23.8+1.88
h 41.4+1.79 45.1+1.69 58.7+1.87 66.2+1.73 48.6+1.83 46.7+1.83 62.9+1.68 63.8+1.78 21.2+1.75 24.9+1.91

h IR TR (X SRR A, R AR R T M I AR, A A~ H L 1,
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