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CONVECTIVE HEAT TRANSFER COEFFICIENT OF CROWN OF ZELKOVA SERRATA
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This study quantifies the convective heat transfer coefficient (CHTC) of the entire crown of Zelkova serrata under outdoor conditions.
The CHTC is determined from whole-tree heat balances for two individual trees which differ in their transpiration rate. The
whole-tree transpiration rate of the irrigated tree was measured by a highly accurate, large weighing lysimeter, while the leaf
temperatures were measured by infrared thermography. The estimated CHTC was A= 7.90U+ 17.2 (B2= 0.56, U: representative wind
speed for the site) for the entire crown and A= 8.3u+ 18.2 (B2= 0.77, i wind speed near the leaf) for the individual leaf. The CHTCs

were identified as being double the value given by the Jiirges formula, due to the size and amount of flutter of the leaves.
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Fig.1 Heat balances of trees under different irrigation conditions
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Fig.6 Measurement of heat balance of the leaf

Table2 Measurement item and device for the leaf
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To understand the cooling effects of a tree in an urban space, it is important to be able to quantify the sensible heat
flux for the entire tree crown, as well as the latent heat flux caused by transpiration. Although the convective heat
transfer coefficient (CHTC), which is a measure of the leaf boundary layer conductance, is an essential factor for
determining sensible heat flux, the CHTC for the entire crown has not yet been clarified due to the lack of
appropriate measuring methods. Therefore, this study proposes a method of quantifying the CHTC for the entire
crown of Zelkova serrata under outdoor conditions.

In previous studies, methods of CHTC estimation were developed for individual leaves by using the data measured
for leaf heat balance. The leaf heat balance is determined for two states, namely, with and without transpiration, and
short-wave radiation is eliminated in their heat balance equations, as it is difficult to accurately measure in the field.
This study applies this heat balance method to the entire crown and quantifies the CHTC by examining two
individual trees which differ in their irrigation conditions and whole-tree transpiration rate. The whole-tree
transpiration rate of the irrigated tree was measured by a highly accurate, large weighing lysimeter, while the leaf
temperatures were measured by infrared thermography. In addition, the CHTC of an individual leaf was estimated
from the heat balance and leaf temperature change, to enable a comparison with the CHTC of the entire crown.

The measured heat balances and leaf temperatures were analyzed based on the fundamental concept of the heat
balance method and, as a result, it was clarified that the CHTCs could be correctly estimated by applying the
measured data to the heat balance method. The effects of the error factors included in the measurements, and
assumptions made for the method, on the CHTCs were analyzed, and it was concluded that the effects of these errors
were limited.

The estimated CHTC was A.= 7.9U+ 17.2 (R?= 0.56, U: representative wind speed for the site) for the entire crown
and A.= 8.3u + 18.2 (2= 0.77, u: wind speed near the leaf) for the individual leaf. These CHTCs almost overlap,
implying that there is no distribution of the CHTC within the crown, and that these CHTCs can be applied to the
crowns of other Zelkova trees which have the same leaf area density. The CHTCs were identified as being double the
value given by the dJiirges formula, due to the size and amount of flutter of the leaves. Although the relationship
between the CHTC and wind speed near the surface is non-linear, and squared in general, for the forced-convection of
heat-transfer theory, the estimated relationships were linear for the CHTCs in this study. It is thought that this
difference also depends on the flutter of the leaves and turbulence of the wind in the outdoor environment. There are
many factors which influence the leaf and whole-tree CHTCs and the related mechanisms are complex; however the
estimated CHTCs take these influences into account and are considered to be appropriate for engineering

applications in outdoor environments.
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