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dU duU . d(p d 8) d [ 40U gV M.R. RAUPACH
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BH SHAW

av 0V F] 3
U+ Ve =- - 2. i
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o, av)
dy ox
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(Received in final form 20 May, 1981)
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uk 3k a“ﬂﬂr)ak e

ox 8y=§f Ok ox
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Uax+vay"§{[%+v}a—x *

+ i‘[Cl{Pk + CglFxU + FyV)j 1 Cog] (7.4)

+ Pk -E+ Cﬂ({FKU + F V} |;T F'!) Abstract. Most one-dimensional models of flow within vegetalion canopies are based on horizontally
¥ - averaged flow variables. This paper formalizes the horizontal averaging operalion. Two averaging
schemes are considered: pure horizontal averaging at a single instant, and time averaging followed by
horizontal averaging These schemes produce different forms for the mean and turbulemt kinetic energy
a (Vt ) aE. balances, and especially for the *wake production’ term describing the transfer of energy from large-seale
o motion 1o wake turbulenee by form drag The-dilferences are primarily due to the appearance, in the
aj" a}r' covariances produced by the second scheme, of dispersive components arising from the spatial corre-
lation of time-averaged fow variables. The two schemes are shown to coincide if these dispersive fluxes

- vanish.
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A Higher Order Closure Model for Canopy Flow!

r 2 2 2] . : N. Ropert WiLson® aNp Rocer H, Snaw
Prsvi2 ili + iv— + a—lI- + ai drag force F ] Depostment of Agronomy, Purdue Unisersity, West Lafusesie, Ind. 47907
dx a}' 5‘5’ ox 4 (Manuscrint received 18 October 1976, in revised form 16 August 1077)

flow
—>

ABSTRACT

1r i “The equations of motion were used to develop a 1 I, nonk t mathemsatical model of air
1_ Cm}LU Uz + Vz Veloclty U flow wiigin vegetative canopics. The model conssts of equations for mean horizontal momentum, Reynolds
2 = atress, and for the theee components of turbulent kinetic ensegy with closure achieved by parameterizing the
vegetation hisher arder terms. This eliminates the need to model the Reynolds stress directly using an eddy viscosicy.
. The closure schemes rely upon a prescribed length scale and have been used elsewhere in modcling the atmo-
element turbulence ene rgy is spheric boundary layer free of ion. The jons were solved ically using epecified boundary
conditions.

1_ C }I'V‘f U2 +V 2 produced Using « profile of plant area density for a crop of corn (Zes mays L.) the model predicted mean wind
D}' I3 d l] velocity, Reynolds stress and turbuleat intensities for the region from the soil surface 1o twice the canopy

2 (production rate ~ FU) height that compare well with experimental measurements (Shaw ef ol 19743,0).
The model is believed to overestimate the intensity of turbulence gencrated by the plants themselves since
the dissipation af these smaller scale motions was not treated separstely. However, this is not expected Lo

bave a large effect upon calculated mean wind and Reynolds stress profiles,

BHEE (1) OBMSZ ANEAERME—HOERLVDIEMETFELES.
EK AR -, £ RFERFRIEN. 447/11-19, 1992) Jour. of Applied Meteorology16(1977)
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