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Design of CMA concrete composite insulation block and
wall heat transfer analysis

CHEN Xinxiao, HAN Diyang
(Shaanxi Key Laboratory of Safety and Durability of Concrete Structures, Xijing University, Xi'an 710123, China)

Abstract: Cattle manure ash (CMA) is a pure, non-toxic and harmful component of biomass ash. In order to study
the factors affecting the thermal performance of CMA concrete composite insulation block, single row hole, double
row hole, dislocation double row hole and insulation material were used to replace the transverse wall of CMA
concrete composite insulation block. The thermal resistance value of each insulation block and the heat transfer
coefficient after the composite wall were studied under different CMA content. The results show that with the
increase of CMA content, the thermal resistance of the block increases, and the heat transfer coefficient of the wall
decreases. Under the same cavity ratio, the smaller the width of the longitudinal rib, the greater the thermal
resistance and the smaller the heat transfer coefficient of the wall. After replacing the rock wool board and
extradited polystyrene plastic board on the inside and outside transverse walls of the block, the thermal insulation
performance is improved obviously, and the relationship between the thickness of the replacement material and the
heat transfer coefficient of the wall is obtained.

Key words: cattle manure ash; insulation block; thermal resistance; heat transfer coefficient
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Tab.1 Mix ratio of CMA concrete
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Fig. 1 Thermal conductivity test of CMA concrete
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Tab. 2 Thermal conductivity of material

SRR/

BE R i, ok 1
[W-(m-K) ']
FEHE IR EE 1.573 9
o 5%CMA R+ 1.565 5
B SR Sy i
10% CMA JE%E 1 1.552 4
15% CMA R %+ 1.524 1
WA ARIEIR Y BEL W EE 0.039
T B M R B4R AR 0. 041
T B AR BE R T 5 I IR I 2 A TR A 0. 030
R 5% KBTI 0.93

CMA % K/(kg KiR/(kg ®W/(kg 1/(kg CMA/(kg

8/% -m?) cm?) rm?) cm?) -m?)
0 175 398 566 1261 0
5 175 378.10 581.53 1340.65 19.90
10 175 358.20 572.83 1320.69 39.80
15 175 338.30 564.15 1300.60 59.70
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Fig. 2 Structure of composite insulation block
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Tab.3 Block numbering and dimensions

WAy b/mm h/mm
S1-1 20 61.01

S1-2 25 58.42

S1-3 30 55. 60

S1-4 35 52. 50

S1-5 40 49. 09

S2-1, S3-1, S4-1 20 41.72
S2-2, S3-2., S4-2 25 40. 00
S2-3, S3-3, S4-3 30 38.11
S2-4, S3-4, S4-4 35 36. 04
S2-5. S3-5. S4-5 40 33.75
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0
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Fig. 3 3D model of block and wall
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Tab. 4 Design parameters of thermal performance of

block walls
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Fig. 4 Sketch map of block and wall model
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Tab.5 Thermal parameters of different hole blocks

WY AMUTER L/
£ IRSSRINIRES
- POiEE IR AMEES ST [(m® - K)

Gy L /T R/ T -

/(W -m ™) /(Wem?) "W
S1-3  40.995 40.69  13.38 —4.85  0.446
S2-3  40.348  39.489  13.65 —4.95  0.466
S3-3 39.633  38.064  13.85 —5.03  0.486
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Fig. 5 Cloud chart of block heat flux
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Tab. 6 Thermal parameters of block walls with different holes
ik AR SMUSER el AMI IR

s PaiEE PUiEE P FY /[W -

O /(W - m ) B/ CRIE/C (- K) ]
SW1-3 43.595 43.621 13.02 —4.72 1.769
SW2-3  43.317 42. 873 13.19 —4.78 1.737
SW3-3 42.705 41. 659 13.35 —4.84 1. 696
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Tab.7 Thermal resistance of block with different CMA content

S1-1 #4BH S2-1 B S3-1 #4BH S4-1 #4PH.
k/% /[(m* - K) /[(m* - K) /[(m-K) /[(m" K
- W] - W] S W] - W]
0 0. 566 0. 597 0. 615 1. 805
5 0. 569 0. 600 0.618 1. 807
10 0.573 0. 605 0.623 1. 811
15 0.583 0.615 0. 633 1. 822
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Fig. 7 Effect of admixture increment on thermal
resistance increment
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Tab. 8 Heat transfer coefficient of wall with different CMA content

SWI-1 &3 A %

SWe-1 &A%

SW3-1 &R % SWa-1 fE A R %L

e JIW -+ (m* - K) '] /LW« (m* - K) '] JIW -« (m? - K) '] JIW -+ (m* - K) ']
0 1.534 1. 484 1. 464 0. 806
5 1.529 1. 478 1. 459 0. 804
10 1.522 1. 471 1. 452 0. 802
15 1. 505 1. 455 1. 436 0.798
0.035 - Wiké Kk, B 0.018 m* - K/W k%] 0.021 m* -
0.030 F - :’ gxéj ° K/W.
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“0.00sf v ) Ry =3.803b % R*=0.999 65  (8)
0000f = | | R, =3.018 46 " R*=0.997 88  (9)
0 5 A% 10 15 ﬁq] H R/).Sl ) RI;,S2 ) RI),SS 1) R/7,54 % %IJ y‘j ﬁ{:)] ﬂ% Sl N
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Fig. 8 Influence of the increasing value of mixing amount on

the decreasing value of heat transfer coefficient
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Fig. 9 Influence of rib width of block on thermal resistance
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Fig. 10 Influence of block rib width on heat transfer
coefficient of wall
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Fig. 11 Relationship between the thickness of the transverse wall

substitute material and the heat transfer coefficient of the wall
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