28 4 2012 7
Vol.28 No.4 WATER RESOURCES PROTECTION Jul. 2012

DOI 10.3969/j.issn. 1004-6933.2012.04.006

1 2 1 3 1

1. 210098 2. 200434
3. 210036

P333.9 A 1004-6933 2012 04-0028-05

Analytical solution of water temperature distribution in river downstream of
reservoir and comparison with another method
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1. College of Environment Hohai University ~Nanjing 210098  China
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Abstract With consideration of the temperature gradient in the flow direction an analytical solution was deduced using
a one-dimensional water temperature control equation based on the assumption that the heat exchange over a unit surface
area is constant along the river. This method was compared in detail with a simplified model for computing river
temperature  which is commonly used in China. The results show that the deduced analytical solution had high accuracy
and could well simulate the temperature recovery process in the river downstream of the reservoir. A case study was
conducted in the Bailianya Reservoir. Based on prediction of the water temperature structure of the Bailianya Reservoir
the deduced analytical solution was used to predict the water temperature distribution in the lower reach of the Bailianya
Reservoir and the influences of the water temperature distribution on the reservoir’ s surrounding environment were
analyzed. There has been a low temperature in the lower reach of the Bailianya Reservoir where the water is unsuitable
for irrigation of crops on both banks and for growth and propagation of fish. It is necessary to transfer suitable water to the
croplands for irrigation. The region that is suitable for growth and propagation of fish needs to be moved downstream.

Key words Bailianya Reservoir downstream river water temperature calculation 1D water temperature control
equation

201001028
1986 — E-mail fantaistic@ 163. com

E-mail hanlongxi @ sina. com

28 -



N-S

7-8

10
11 9Dn
@n
Pan
Pe @3
gosn + Span - Spln' - SDC - SD(:
gpsn
Psn
gosn = Bl@s 1 -7
Ps

W/m?> y
Pan

Stefan-Boltzman

= 1-y,0,23+7T,*

gosn
Py
$n =
a.
B
b.

Pan
€, = 1 + KC
7a

5
T,
C.
€w
C
d.

2 1-0.26lexp - 0.74 x 1074717

c Stefan-Boltzman

67 x 1078W/ m?K* ¢

a

2m C K

0.017 C
Dhyr

@y = oey, 2713 + T, 4
T,

Pe

%

29 -

4



0o = 9.2+0.46W2 e, — e, 6
W, 10m e,
T, mmHg
e, mmHg
Pe
Pe
0. =047 9.2 +0.46W2 T, - T, 7
2
O 00T 0 0T), Be
gt ¥ ax T ax\"Pxax] Tt e,
T Ct s x
m Q m’/s E,
n’/s o C, J/ kg C
A m’> B m @,
W/ m?
3 I
8
@
@
@n
Pn €) TO:¢
Ty @
wzo L m
dx
IT _
8 9 =0
Pn 8
8
9 QT _ i( fLT) Bo,
ax - ax AEX ax + pCp ?
9 1
Bo AE, 0
T — T + n X 1 XL _
DTG0
By, AE B
P ;E#LPA%X + §an 10
Cp(OQ ‘OCPQ
Ty C

4 9
9 9
9
1 9
4.1 9
9
®
@)
@
IT _
8 9t =0
8 8
QT _ By,
dx = pC,
9 11
)
e =Ao+ BoT Ay By
9 @
q+CSTzq EWZCO'FDOTq
C, 0.58 ~0.66
0.61 E,
Pa C() D() 9

11 9

B
T=Ty+ T.-Ty (1 —e0")

M
T, =y

11

J/kg

12

13

By + qo 9.2 +0.46W2 0.00061P, + D,

N = 864000C,

14

) Pt P Ao+ qo 9.2+0.46W2 E, +0.00061P,T, - Co

864000C,,

4.2

15



1 4 10
5.5 km
5.5km
20 m
5 130 m 3
b.
5.1
116°10’ 31°
16’
13
26 km 43 km 1
189 km 745 km? 4.60 4 7 10 8.4%C
3 209 m 205 m 13.6°C 11.3C 12.7C
180 m c. £ o, E,
14
1 ©n 1
1
10m
W,/ o/ 2m
0;
mel Y% W TUC TyC TUC
2015 1 2.3 0.65 89.2 45 -1.5 2.0
, 4 2.4 0.74  149.8 155  11.1  15.4
4  hm 7 2.5 0.71  231.0 243  23.6 27.8
20% 10 2.2 0.64  135.4 16.0 11.4 15.6
5.2 5.3
a. 1
6.46 m 9
451 o’ a 12 2 3
2 1 9
1 /C 4 /C 7 /C 10 /C

/m 1 9 1 9 1 0 1 ?

0 8.40 8.40 0 13.60 13.60 0 11.30 11.30 0 12.70 12.70 0
1000 8.03 7.89 0.14  13.58 13.47 0.11 12.41 12.56  -0.15 12.62 12.65 —0.04
2000 7.6 7.41 0.25 13.57 13.35 0.21 13.51 1370 -0.20 12.54 12.61 -0.08
3000 7.30 6.98 0.32 13.55 13.25 0.30  14.59 1475  -0.16 12.46 12.57  -0.12
4000 6.97 6.59 0.33  13.53 13.15 0.38 15.58 1570  -0.12  12.38 12,54 -0.15
5000 6.72 6.22 0.50 13.52 13.06 0.46 16.33 16.57  -0.24 12.33 12.50 -0.18
5500  6.67 6.05 0.2  13.52 13.02 0.50  16.47 16.97  -0.50  12.32 12.49  -0.17

3 | 9
1 7
/m 1 9 1 9
/C /°C /C /°C /C /C /°C /C
0 8.40 0 8.40 0 11.30 0 11.30 0

1000 8.03 ~0.37 7.89 ~0.51 12.41 1.11 12.56 1.26

2000 7.66 ~0.37 7.41 ~0.47 13.51 1.10 13.70 1.15

3000 7.30 ~0.36 6.98 ~0.43 14.59 1.08 14.75 1.04

4000 6.97 ~0.33 6.59 ~0.40 15.58 1.00 15.70 0.95

5000 6.72 ~0.25 6.22 ~0.36 16.33 0.75 16.57 0.87

5500 6.67 ~0.05 6.05 -0.17 16.47 0.14 16.97 0.40
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