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Experiment on Droplet Characteristics of Spray Cooling to
Relieve Cows Heat-stress
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(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China
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Abstract; The high temperature in summer causes heat stress in dairy cows, spray cooling system is one
of the most effective physical cooling technologies that is widely used in practice. The laser precipitation
monitor (LPM ) was used to measure droplet size ,droplet velocity and intensity. Six kinds of standard
fan-shaped nozzles (9010, 9030, 9060, 9080, 90100, 90120 ) were measured with LPM under
0. 15 MPa, 0.20 MPa, 0.25 MPa pressures, the droplet distribution, the relationship of droplet diameter
and spray flow, single droplet kinetic energy, spray intensity was analyzed. The results show that. the
droplet distribution normally distributed model and average droplet diameter are ranged from 0. 475 mm to
1.210 mm under 0. 15 MPa, 0.20 MPa, 0.25 MPa pressures of six different nozzles. Droplet diameter
has a linear relation with spray flow (R> >0.96). 15% ~20% of droplet diameters within 0. 125 ~
0.250 mm were sprayed by nozzles of 9010 and 9030 type, which make it easy to drift but not suitable for
cows evaporative cooling. The single droplet kinetic energy along with the water droplets was increased
with the increase of droplet diameter under three different working pressures, showing a power

relationship ( R> > 0.96). The mean nozzle spray intensity and mean droplet diameter show an
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exponential relationship (R*> >0.96). The average intensities of spray were all greater than 72 mm/h,

which satisfied the purpose of cows spray cooling system. The experiment concluded that the average drop
particle diameter are 0. 801 mm (9060), 0.914 mm (9080), 1.047 mm (90100) and 1.210 mm
(90120) , which could cool cow from 39.3°Cto 37°C, using 85 s, 75 s, 48 s and 30 s, respectively.

Key words: dairy cow; heat stress; spray cooling; droplet distribution; droplet kinetic energy; spray

intensity

51

7 R 2E A S S R R
W T W, T 5 000 405 2 9 A B G R DL M AR T R
3N ZE R IR B G R N 2R S IR R TR [
LI 2 05 220 T A A1 00 I 1L % A 10 2 A 07 384
D7t R M 1 3 — LR B IR R S
— JCHERT R K AR R i AN AN A T
A 78RR, IR 2K T R L K Bl Re LI R B
52 2 S B AT O o R IH A A A SR L A
REZ M, X T3k 28 45 b W 1 e 3 T L,

ZRE It T A A T A, S K
SIPEREI T BAE AR, [ A A2 0 038 07 A 3%
TR B AR B L BT T e W R
Y BOeE" BT MR AT Wk Lk
AR 0 BRI e 22, R0 AR I, (EL B A S B, S A
B . e THOE F RI R LPM 06 M A (72
[ THIES /8 7)) 0 UK 5 332 sh B A5 , 45 K
T I S B K L R AR

DA BT 22 2 Yo VR W AT 88/ i e e R 5 2 1 2

I

@ AT TR

i U

e MM
anny
aas

-""‘.lﬂ.ﬂﬂl'l s S ‘, ,
i L BHRANSLAE # ‘ ‘
%200cn L

(@) P BT AR R

AR I 5 AT , 3B B HEAT R GERT ST, WA K TR 4
PR AN W o B R, 40 2 39 1A 22 D s o B 2 1
W RN A0S 24 A R AR O IR [ Y A E R 2
B AER IR A e BT [ P A SR W R AT IR0, A B
AR Tt Ay P 5 ] Ry M I TS 9 /A i LA B 49 20, i ok
JH At PRI AR g SR 73 A P TS R 3t PR
WIS 3 BE VS D 90°, BEIUA [R) LAZ Y 6 Ffsii 17
Mo eI 2% 1F 0.15.,0.20,0.25 MPa TAEJE 1T,
I LPM SO R T i SOX 7K 3 AR 7K 3 B 47 X
B I, BT 05 24 W KL AR 2 A B IK T B RE
M 56 P 5 AR T 7 2 18] R AR A R o

1 ##m7TE

1.1 A%

AR 7E I Rl R A7 K R 5 b R TR 2 B 5
6 % 58 ), 1B P AR YL PN s v e TR T 4 TR
PR R I T ) R 2% 3 9010, 9030, 9060
9080 .,90100 ,90120 3 6 Fhi Y-S T , A&l 1e Fr s
(P ar o [5 FE N  9010 7 5 (1 1 0, 9 L g 1 )
PERES RN 1 s o ARSCHIAT L LR 07 J000% 2 L

(c) RIBWEMETR I

(o) o PR 2 e 0 T

=82 7

Fig.1 Photos of experiment



%73

TR GO SR AY E K T 325

TUVE R B 58 X 4, 05 L5 4 09 N B i # i 22
(JEEHAR 0 ~ 100°C, 43 HEF 0 0. 1°C) |, i 3o i B
PR AT DR UE 5 A A 2 TR T 3k B0 AR BOIR A (R
T T 39.3C), wE A R B, FEMEA 4,
Bl la, Id Fron. M 4 3@ 38 #i  H E X
(AZ88598 K ZI # iy {4y i J&F i1, iR B & & 200 ~
1370°C 4332 0. 1°C , YERG B + (0.3% +1°C)) 7
WA e SUAL 5 57 S5 B 4 A a5 S B W 0 4 A4 A % UL
AR RAERIEE N 1 s, WE le(ZLE) iR,
HEEE 9 AR S it , Sk DU i3 B 6 8 2.2 m, B 4
R 70 em, W3k TAE 7 4399 24 0.15.,0. 20,
0.25 MPa, W3k TAE = J fiokG % H Jp 2, i it it
KRR A T BT (LWGY9012 T i (4 I 56 7 & i1, &
FEO.15~15m’/h KEREZE2 R £0.5% ) .
®1 BESH

Tab.1 Nozzle parameters

M 1 Wi/ () BIE BE R/ (m h )

M-E 0.15 MPa 0.30 MPa 0.15 MPa 0.20 MPa 0.25 MPa

9010 78 90 0.043 0. 049 0. 059
9030 80 90 0.127 0. 147 0.178
9060 82 90 0.254 0.294 0.356
9080 82 90 0.334 0.392 0.475
90100 82 90 0. 424 0. 490 0.593
90120 83 90 0.509 0.588 0.712
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Fig.2 Droplet diameter distribution at different working pressures
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Tab.2 Average droplet diameter and spray flow

at different pressures

— TAEES/ WO S KRR/
MPa (m*-h~") mm
0.15 0. 021 0.508*
9010 0.20 0.026 0. 486"
0.25 0.034 0.475¢
0.15 0.165 0.576*
9030 0.20 0.191 0.566""
0.25 0.213 0.555"%
0.15 0.250 0.801*
9060 0.20 0.292 0.778*"
0.25 0.327 0.760"°
0.15 0.323 0.914*
9080 0.20 0.377 0.893*"
0.25 0.423 0.884"°
0.15 0.417 1.047%
90100 0.20 0. 492 1.003*"
0.25 0. 543 0.995"%
0.15 0.513 1.210*
90120 0.20 0. 603 1.201*
0.25 0.676 1.197*
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Fig.4 Relationship curves between droplet diameter and single droplet kinetic energy from different sprinklers
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Fig.5 Relationship curves between droplet diameter and single droplet kinetic energy at different pressures
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Tab.3 Fitting coefficients of droplet kinetic energy model

— TAERET/ HELTEE 274
MPa a b, R?
0.15 5.458 4.263 0. 984
9060 0.20 4.870 4.587 0. 909
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WE: TR ROGEE O RM r SORE E  R T — R TR AR R TR A B R G IEBUR R . R
PR R /N T3 U5 1 R R AR A RIS N R A Y LR AL, JFR A5 B B0 28 5O o 158 0 A A 19 A5 AL 1 ik, 3 i B
ANRZETTEM FRAEA AT 202 o B 977 35 7E AVIRIS Indian Pines g% F 44 57 11 45 2 06 15 28 S R e 46 1 1047 7%
I, I AN E AR A (PCA) SEHF I AL (SVM) 1 7 01 /8 20 K 4% (SRC) T ik #EAT AR, 76 2 DR 4 |
AR ST R 1 S AR IR BE 43 5003k B 85. 31% H1 99. 56% ,Kappa Z 4043 4 0. 816 3 F1 0. 986 7, SLIa 4% SR WA 3
07 1 9 A RS B2 A Kappa R BCEROE T 53 40 3 FhJs ik , J— Bl AU 14 s Dl i 8 S Bl 20 2K 05 T

KB : WA TR s w2
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Hyperspectral Remote Sensing Data Classification Method
Based on Sparse Non-negative Least-squares Coding

Qi Yongfeng' Yang Le' Huo Yuanlian®
(1. College of Computer Science and Engineering, Northwest Normal University, Lanzhou 730070, China
2. College of Physics and Elecironic Engineering, Northwest Normal University, Lanzhou 730070, China)

Abstract; In order to improve the classification accuracy and reduce computation complexity, a
hyperspectral remote sensing data classification method based on sparse non-negative least-squares coding
was proposed. By adopting non-negative least-squares, the test samples were expressed as a linear
combination of training samples, and the obtained coefficients were used as its feature vector. As a result
of the non-negative constraint, the feature vectors were sparse, which can not only improve the efficiency
of the proposed algorithm, but also enhance the discrimination performance of algorithm. At last, the
minimizing residual was used to classify the test samples. The experimental verifications of the proposed
method were carried out on AVIRIS Indian Pines and Salinas Valley hyperspectral remote sensing data,
the classification accuracies of the proposed method were 85.31% and 99.56% , and the Kappa
coefficients were 0. 816 3 and 0.986 7, respectively. The proposed method was compared with PCA,
SVM and SRC in terms of classification accuracy and Kappa coefficients on two databases, experiment
results showed that the proposed method was superior to PCA, SVM and SRC. The proposed approach
was valuable for hyperspectral data classification with low computational cost and high classification
accuracy, it was a better method of hyperspectral remote sensing data classification.

Key words: sparse non-negative least-squares; hyperspectral remote sensing; data classification
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Fig. 1 Indian Pines data and ground truth value
% 1 Indian Pines StiEHGHELSH
Tab.1 Sample distribution of Indian Pines

hyperspectral imaging

50 EA FEAR D%
1 Alfalfa 46
2 Corn-notill 1428
3 Corn-mintill 830
4 Corn 237
5 Grass-pasture 483
6 Grass-trees 730
7 Grass-pasture-mowed 28
8 Hay-windrowed 478
9 Oats 20
10 Soybean-notill 972
11 Soybean-mintill 2455
12 Soybean-clean 593
13 Wheat 205
14 Woods 1265
15 Buildings-grass-trees-drives 386
16 Stone-steel-towers 93

2.1 1 bt i A i 1 3 ik
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920, 5> P K FE A 1 g 5 02 — > 920 4k 11 1] &,
B2 25 TREA i AR oo R 80 g it &, A
B RE g & B, IR A g i R AR T R S i R
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20 Z ], ihd BH A 3C 5 3 5 I 3R A 1) 4 5 02 G 6
o Mt i s B 1 AT LA IGE L 28 48 SNNLSC i it
J& AR AR R R L 2R AR D I LA RE AR B
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Fig.2  Statistics number of non-zero coding for

testing samples
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Tab.2 Classification performance comparison of

algorithms in Indian Pines hyperspectral imaging

Je b PCA SVM SRC  Axmp:
SRR /% 68.63 84.72 81.53 85.31
Kappa Z %t 0.6315 0.8321 0.7862 0.8163
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Fig.3 Salinas Valley data and ground truth value
®3 FEHNHAHLUABREHGERDE
Tab.3 Sample distribution of Salinas Valley

hyperspectral imaging

25 % R FEAR B
1 Brocoli_green_weeds_1 391
2 Corn_senesced_green_weeds 1343
3 Lettuce_romaine_4wk 616
4 Lettuce_romaine_S5wk 1525
5 Lettuce_romaine_6wk 674
6 Lettuce_romaine_7wk 799

x4 HEEFAAHFLETRIEHELHNE
T8 L3R
Tab.4 Classification performance comparison of

algorithms in Salinas Valley hyperspectral imaging

HobE PCA SVM SRC  Ax@:
SRS /% 95. 12 99. 37 98. 85 99. 56
Kappa Z %t 0.9431  0.9825  0.9806  0.9867

TE 2 ARG B G R BR R LR SR s R R
W, S REAR I B 2 I, 25 2503k i R RS BE #0 A P
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